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Competing endogenous RNAs (ceRNAs) are a newly proposed RNA interaction
mechanism that has been associated with the tumorigenesis, metastasis, diagnosis,
and predicting survival of various cancers. In this study, we constructed a ceRNA
network in colorectal cancer (CRC). Then, we sought to develop and validate a
composite clinicopathologic–genomic nomogram using The Cancer Genome Atlas
(TCGA) database. To construct the ceRNA network in CRC, we analyzed the mRNAseq,
miRNAseq data, and clinical information from TCGA database. LncRNA, miRNA, and
mRNA signatures were identified to construct risk score as independent indicators of the
prognostic value in CRC patients. A composite clinicopathologic–genomic nomogram
was developed to predict the overall survival (OS). One hundred sixty-one CRC-specific
lncRNAs, 97 miRNAs, and 161 mRNAs were identified to construct the ceRNA network.
Multivariate Cox proportional hazards regression analysis indicated that nine-lncRNA
signatures, eight-miRNA signatures, and five-mRNA signatures showed a significant
prognostic value for CRC. Furthermore, a clinicopathologic–genomic nomogram was
constructed in the primary cohort, which performed well in both the primary and
validation sets. This study presents a nomogram that incorporates the CRC-specific
ceRNA expression profile, clinical features, and pathological factors, which demonstrate
its excellent differentiation and risk stratification in predicting OS in CRC patients.

Keywords: colorectal cancer, differentially expressed RNAs, ceRNA network, overall survival, nomogram

INTRODUCTION

The third most common type of cancer is colorectal cancer (CRC), which is also ranked
as the second most frequent cause of cancer-related death worldwide (Bray et al., 2018).
In 2018, more than 1.8 million patients are diagnosed with CRC where at least 881,000
of them die of the complications brought upon by the disease (Bray et al., 2018).
The pathogenesis of CRC involves multiple factors, including genetic and environmental
factors (Jeon et al., 2018). Colorectal cancer remains a global health concern because it is
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highly prevalent, and its prognosis remains poor despite the rapid
emergence of tools for diagnosis and treatments (Camp and Ellis,
2015; Li et al., 2018). As a result, it is imperative to improve
the diagnostic approach, prognostic prediction, and survival
outcomes by identifying novel therapeutic targets in CRC.

Medical literature has highlighted the important and active
roles of different types of RNAs in the cancer’s progression and
development (Lee et al., 2017; Wu et al., 2017). In the human
genome sequence, more than 90% could be transcribed but
could not code for proteins (Xiao et al., 2016). The majority
of the transcriptome is accounted for by non-coding RNAs or
ncRNAs. Continuous discovery has emerged on the different
regulative RNA classes with vital biological functions (Baltimore,
2001). Non-coding RNAs of more than 200 bp are classified
as the long non-coding RNAs (lncRNAs) (St Laurent et al.,
2015). Recent research highlights the key functions of lncRNAs
in the regulation of biological processes. These include genomic
imprinting, immune response, cell cycle and apoptosis, immune
response, and different types of cancer (Beermann et al., 2016;
Fang and Fullwood, 2016). In CRC, lncRNAs have been known
with the possibility to suppress tumors or function as oncogenes
(Di et al., 2019). Current research indicates the function of
lncRNAs as miRNA sponges and competing endogenous RNAs
(ceRNAs). This reduces the availability of miRNAs for mRNA
target binding (Salmena et al., 2011; Tay et al., 2014). The
ceRNA hypothesis underlines the interaction of the RNA with
miRNA response elements (MREs). This type of crosstalk and
competition in the RNA also occurs among mRNAs and lncRNAs
(Zhang et al., 2016a). Further research is recommended on
lncRNAs’ function as ceRNAs. Additionally, studies with larger
sample sizes should be conducted on CRC’s association with
lncRNA-mediated ceRNA network in a whole-genome sequence.

Nomogram is a statistical prediction model that combines
multiple prognostic factors to make intuitive graphical and
individualized predictions (Iasonos et al., 2008). Up to date,
various kinds of prognostic models were reported in CRC (Tian
et al., 2017; Xiong et al., 2018; Zhu et al., 2018). Although
doubts about the predictive value of clinicopathological features
are increasing, they still provide the most reliable guidelines for
the prognostication and treatment of CRC (Zhang et al., 2016b).
Thus, we deduced that integrating genomic signatures with
clinicopathological features in a model would yield a predictive
accuracy exceeding that of the currently available prognostic
system. Here, we aimed to apply a systematic approach
to evaluate the clinical usefulness of CRC-related signatures
and then construct a composite clinicopathologic–genomic
nomogram by integrating factors with potential prognostic value
based on TCGA database.

MATERIALS AND METHODS

Data Collection
We generated data on CRC from TCGA. Through the
GDC apps, we downloaded the gene expression data of the
mRNAseq (level 3) through the Data Transfer Tool. Also, we
downloaded the clinical information of CRC patients and the

samples of miRNAseq1. To achieve an accurate and completely
annotated lncRNA and mRNA datasets, we compared the level 3
mRNAseq gene expression data with the annotation information
of the Ensembl Genome Browser 99(GRCh38.p13) database2

(Cunningham et al., 2019). The data used in this study met the
following criteria: (a) CRC patients with complete information on
age, gender, tumor location, tumor recurrence, neoplasm cancer,
residual tumor, tumor stage, T stage, N stage, and M stage; (b)
patients with complete lncRNAseq, mRNAseq, and miRNAseq
data. Finally, 335 CRC samples and 51 normal control samples
were collected in our study. Our research meets the publication
guidelines provided by TCGA3.

Differentially Expressed Analysis
We applied the “edgeR” package in R to identify differentially
expressed lncRNAs (DElncRNAs), miRNAs (DEmiRNAs), and
mRNAs (DEmRNAs) between CRC and adjacent normal tissues
(Robinson et al., 2010). Thresholds for the screening of
differentially expressed RNAs were adjusted P < 0.05 and
|log2fold change (FC)| > 2.

Functional Annotation
We performed analyses on the functional and pathway
enrichment of DEmRNAs with the use of a R package called
“clusterprofiler” (Yu et al., 2012) that includes the pathway
enrichment analyses of the Kyoto Encyclopedia of Genes
and Genomes (KEGG) (Kanehisa et al., 2004) and the Gene
Ontology (GO) (Ashburner et al., 2000). Statistical significance of
functional categories, visualized using R, is set at a false discovery
rate (FDR) of < 0.05.

Construct the ceRNA Network
We created a ceRNA network that was built on the hypotheses
that the potential impact of lncRNAs on miRNAs is evident, and
it could also carry out the behaviors of miRNA sponges for more
enhanced regulation of mRNAs. The ENCORI forecasted the
lncRNA–miRNA interactions4. These interactions were founded
on specific CRC miRNAs. Through miRDB5, TargetScan6, and
miRTarBase7, our team predicted the miRNA-targeted mRNAs.
Only mRNAs recognized by all three databases were considered
candidate targets and overlapping with the identified DEmRNAs
to screen out the DEmRNAs that were targeted by the
DEmiRNAs. A careful cross-matching was executed between the
predicted results and the results of the DEmiRNAs, DElncRNAs,
and DEmRNAs. We accessed the visual overview of the results
through Cytoscape 3.7.0 (Cytoscape Consortium, San Diego, CA,
United States) from these networks (Shannon et al., 2003).

1https://tcga-data.nci.nih.gov/
2http://www.ensembl.org/
3http://cancergenome.nih.gov/publications/publicationguidelines
4http://starbase.sysu.edu.cn/
5http://www.mirdb.org/
6http://www.targetscan.org/
7http://mirtarbase.mbc.nctu.edu.tw/
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Survival Analysis
With the use of the survival package in R, we plotted the Kaplan–
Meier curves of the lncRNAs, miRNAs, and mRNAs in the
ceRNA network along with the combination of the CRC patients’
clinical data in TCGA. The optimal cutoff values for RNA
expression were determined by X-tile software (version 3.6.1;
Yale University, New Haven, CT, United States) (Camp et al.,
2004). Using univariate Cox regression, the associations between
overall survival (OS) and the lncRNAs, miRNAs, and mRNAs
in the ceRNA network were assessed. Genes with a P < 0.05
in the univariate Cox regression analysis were included into the
stepwise multivariate Cox regression analysis. The inclusion of
these values generated a formula of the risk score. Ultimately,
utilizing the median of the risk scores of lncRNA, miRNA, and
mRNA as the threshold, we classified the risk into high and low to
group the patients accordingly. We assessed the variations in OS
among the patients who are grouped as low and high risk through
the log-rank tests and Kaplan–Meier survival plots. Additionally,
we adopted the analysis of the receiver operating characteristic
(ROC) curve, along with the area under the ROC curve (AUC) to
evaluate the survival prediction.

Construction of Nomogram
There were 335 patients included in the nomogram, and the
whole enrolled cohort was considered as the primary cohort.
Fifty percent, 70%, and 90% of patients from the primary cohort
were randomly selected as validation sets. An assessment was
conducted on the associations of relevant clinical features and
ceRNAs risk score with OS using Cox proportional hazards
regression models. For the multivariable Cox proportional
hazards regression models, variables were identified using both
the Akaike Information Criterion (AIC) and the concordance
index (C-index). To predict the probability of 1-, 3-, and 5-
year OS, selected variables were incorporated in the nomogram
using the statistical software, known as the rms in R, version
3.0.3 (Wang et al., 2013). Two indicators, namely the decision
curve analysis (DCA) and the calibration curve, measured its
predictive performance. The designs and details of the lncRNA–
miRNA–mRNA ceRNA network analysis are displayed in the
flowchart of Figure 1. Using the SPSS 21.0 statistical package
(IBM Corporation, Armonk, NY, United States) and R project
version 3.5.18 for Windows, we performed all the statistical
analyses and random allocation. Finally, we set the P < 0.05 to
determine the statistical significance of the difference.

RESULTS

Identifying DElncRNAs, DEmiRNAs, and
DEmRNAs
Expression data of RNAs and miRNAs were collected from 386
specimens, which were composed of 335 CRC samples and
51 normal samples. After the RNAseq data were mapped to
the human reference genome, we obtained a total of 14,080

8http://www.r-project.org/

lncRNAs, 1,881 miRNAs, and 19,600 mRNAs. By comparing
the CRC group with the normal group, we identified the
significant DElncRNAs, DEmiRNAs, and DEmRNAs using the
edgeR package in R software. As a result, 830 DElncRNAs, 289
DEmiRNAs, and 2,086 DEmRNAs were confirmed by the edgeR
package in R software. Of these, we inferred 529 upregulated
DElncRNAs and 301 downregulated differential lncRNAs,
208 upregulated differential miRNAs and 81 downregulated
miRNAs, and 1,041 upregulated differential mRNAs and 1,045
downregulated differential mRNAs, respectively (Figure 2).

Functional Annotation
We analyzed these mRNAs using the R software package
clusterprofiler to identify the functions linked to the DEmRNAs.
This evaluation revealed the enrichment of 921 GO terms along
with 55 KEGG pathways (FDR < 0.05). We chose to show the
top 20 GO terms and 20 KEGG pathways of the DEmRNAs
based on the gene count (Figure 3 and Supplementary Table S1).
Biological processes of GO analyses were suggested to focus on
muscle contraction (GO:0006936) and muscle system process
(GO:0003012). The cellular component process found that
the target genes are mainly clustered into the apical plasma
membrane (GO:0016324) and apical part of cell (GO:0045177).
Regarding the molecular functions process, the target genes are
significantly related to receptor ligand activity (GO:0048018) and
receptor regulator activity (GO:0030545). The KEGG pathways
showed significant enrichment of the following pathways, such
as neuroactive ligand–receptor interaction (hsa04080), drug
metabolism–cytochrome P450 (hsa00982), salivary secretion
(hsa04970), and cAMP signaling pathway (hsa04024).

Construction of a ceRNA Network
The construction of a ceRNA network graph that is built on
these data provides comprehensive information on how lncRNA
mediates mRNA through the combination of miRNA in CRC.
Cytoscape v 3.7.0 provides a visual overview (Figure 4). We
investigated the interactions between the DEmiRNAs and the
DElncRNAs based on ENCORI, and 661 interactions between
the DEmiRNAs and the DElncRNAs were predicted, which
include 161 lncRNAs and 97 miRNAs. Next, the miRNA–
mRNA target regulation network was further assessed using
TargetScan, miRDB, and miRTarBase. Moving forward, these 97
miRNAs were found to interact with the 161 of the DEmRNAs.
Ultimately, we selected 161 DElncRNAs, 97 DEmiRNAs, and
161 DEmRNAs for the construction of the ceRNA network
(Supplementary Table S2).

Survival Analysis for the ceRNAs
The univariate Cox regression identified the significant
prognostic value of 14 lncRNAs (Supplementary Table S3),
11 miRNAs (Supplementary Table S4), and seven mRNAs
(Supplementary Table S5) in the ceRNA network. Using a
stepwise multivariate Cox proportional hazards regression
analysis, we indicated that nine-lncRNA (AC103740.1,
AC069120.1, CASC11, AC016027.1, ST8SIA6-AS1, AL109615.3,
H19, MIR17HG, and TSPEAR-AS2) signatures, eight-miRNA
(hsa-mir-20a, hsa-mir-376b, hsa-mir-526b, hsa-mir-126,
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FIGURE 1 | The flowchart of the designs and details of the lncRNA–miRNA–mRNA ceRNA network analysis.

hsa-mir-301a, hsa-mir-186, hsa-mir-3942, and hsa-mir-144)
signatures, and five-mRNA (HIF3A, SPTBN2, DACH1, EREG,
and FOXG1) signatures showed a significant prognostic value
for CRC. Figure 5 presents the risk scores and survival status
of patients’ distribution in these three ceRNAs. The risk score
model attained the AUC values of 0.739, 0.736, and 0.674 from
the nine-lncRNA, eight-miRNA, and five-mRNA signatures
accordingly. More specifically, the positive correlation of low

risk with OS (P < 0.001, Figure 6) was confirmed by the
Kaplan–Meier curves of these three signatures.

To further clarify their expression and prognostic value, we
performed Kaplan–Meier survival analysis for the lncRNAs,
miRNAs, and mRNAs in these three RNA signatures in
patients with CRC from TCGA (Figure 7). The results showed
that six lncRNAs (AC069120.1, AC103740.1, AL109615.3, H19,
ST8SIA6-AS1, and TSPEAR-AS2), three mRNAs (FOXG1,
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FIGURE 2 | Volcano plot of differentially expressed lncRNAs (DElncRNAs), differentially expressed miRNAs (DEmiRNAs), and differentially expressed mRNAs
(DEmRNAs) in colorectal cancer (CRC) and non-tumorous adjacent-normal samples. (A) Volcano plot of differentially expressed lncRNAs (DElncRNAs). (B) Volcano
plot of differentially expressed miRNAs (DEmiRNAs). (C) Volcano plot of differentially expressed mRNAs (DEmRNAs). Log2fold change (log2FC) > 2 was labeled in
red; log2FC < -2 was in green (P < 0.01).

FIGURE 3 | Gene ontology and KEGG pathway functional enrichment analyses of the differentially expressed mRNAs (DEmRNAs). (A) The biological function
category of GO classification. (B) The cell component category of GO classification. (C) The molecular function category of GO classification. (D) KEGG pathway
functional classification and annotation.

HIF3A, and SPTBN2), and five miRNAs (hsa-mir-126, hsa-
mir-186, hsa-mir-301a, hsa-mir-526b, and hsa-mir-3942) were
identified as cancer-promoting factors because of their high
expression correlation with shorter OS in patients with CRC.
In contrast, another three lncRNAs (AC016027.1, CASC11,
and MIR17HG), two mRNAs (DACH1, and EREG), and three
miRNAs (hsa-mir-20a, hsa-mir-144, and hsa-mir-376b) showed
high expression correlated with longer OS, implying that these
RNAs might be protective factors in CRC.

Establishment and Internal Validation of
the Nomogram
To establish the nomogram, we evaluated the prognostic value
of distinct clinical features. Table 1 demonstrates the correlation
between eight of 13 evaluated clinical features and OS, which

was verified through the univariate Cox proportional hazards
regression. The independent prognostic indicators of CRC
include the age, N stage, M stage, lncRNA risk score, and
miRNA risk score. The smallest AIC value and highest C-index
occurred when we incorporated five variables (age, tumor stage,
lncRNA risk score, miRNA risk score, and mRNA risk score) into
the multivariate Cox regression model for OS [AIC = 462.82,
C-index = 0.838 (95% CI, 0.785–0.891)]. Figure 8A illustrates
how nomogram predicted the OS of the CRC patients in
the TCGA database. We predicted the survival probabilities
of the CRC patients in three different timelines, at 1, 3, and
5 years using the nomogram. Figure 8B shows the calibration
plot for the 3-year prediction of OS, which demonstrated a
good overall prediction. For the estimation of OS risk, the
nomogram displayed C-index of 0.822 (95% CI = 0.749–0.895),
0.845 (95% CI = 0.816–0.903), and 0.842 (95% CI = 0.787–0.897)

Frontiers in Genetics | www.frontiersin.org 5 June 2020 | Volume 11 | Article 583

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles


fgene-11-00583 June 19, 2020 Time: 17:52 # 6

Li et al. Comprehensive Analysis of CRC ceRNA-Network

FIGURE 4 | The lncRNA–miRNA–mRNA ceRNA network in colorectal cancer (CRC). (A) A global view of the ceRNA network in CRC. (B–I) hsa-mir-20a,
hsa-mir-126, hsa-mir-144, hsa-mir-186, hsa-mir-301a, hsa-mir-376b, hsa-mir-526b, and hsa-mir-3942 mediated lncRNA-mRNA ceRNA network.

in the 50, 70, and 90% validation cohort, respectively. As
Figure 8C illustrates, the nomogram demonstrated a better
net benefit that had a wider range of threshold probability
on the DCA for predicting the corresponding 1-, 3-, and 5-
year OS. Figure 8D represents how the DCA confirmed the
higher net clinical benefit of the nomogram in contrast with the
lncRNA risk score + miRNA risk score + mRNA risk score
and age + tumor stage. This analysis took into account a wide
selection of threshold probabilities that could predict the 3-year
OS. Furthermore, at higher threshold probability levels, this is a
representation of an exceptional estimation of decision outcomes.

To provide more plausible classifications of OS, patients were
stratified into two groups that were based on an NTP’s optimal
cutoff value identified by the median. Based on Figure 9A,
the results suggest that patients from the high-risk group had
significantly worse outcomes compared to the low-risk group
(P< 0.001). Using the cohorts for validation, we verified the same
results, as demonstrated by Figures 9B–D.

DISCUSSION

Globally, CRC is known for being one of the most frequently
occurring malignancies, ranking second in women and third

in men (Ferlay et al., 2015). Although great progress in the
treatment, prognosis, and diagnosis of CRC, its mortality still
remains high. The further study of efficient biomarkers and
underlying mechanisms will drive the development of CRC
diagnosis and treatment. We explored the CRC’s pathogenic
mechanism in our study and identified a new prognostic
predictor model for it.

The interaction of different RNA transcripts through shared
MREs has been introduced in recent years through what
is known as the ceRNA hypothesis (Salmena et al., 2011).
Competitors that bind the common miRNA have been identified
in many human ceRNAs in RNA regulatory networks (Denzler
et al., 2014; Tay et al., 2014). Using the TCGA database, we
utilized a broad cohort in this study to identify DElncRNAs,
DEmiRNAs, and DEmRNAs between tissues that are normal
and are of CRC. Eventually, we obtained a cohesive view of
the ceRNA regulatory crosstalk between the RNA transcripts of
these CRC-specific through the construction of the lncRNA–
miRNA–mRNA ceRNA network. Many studies have been
focused on the roles of lncRNAs in cancer initiation and
progression (Iguchi et al., 2015; Raveh et al., 2015). In the
ceRNA network, lncRNAs, miRNAs, and mRNAs are significantly
linked to the CRC patients’ survival and clinical features. This
study analyzes the regulatory interaction between RNAs that
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FIGURE 5 | Risk score analysis of the nine-lncRNA, eight-miRNA, and five-mRNA signatures of CRC. (A) Risk score analysis, receiver operating characteristic (ROC)
curve analysis, and risk heatmap of the nine-lncRNA signature expression profiles. (B) Risk score analysis, ROC curve analysis, and risk heatmap of the eight-miRNA
signature expression profiles. (C) Risk score analysis, ROC curve analysis, and risk heatmap of the five-mRNA signature expression profiles.

FIGURE 6 | Kaplan–Meier survival curves for the nine lncRNAs, eight miRNAs, and five mRNAs in the ceRNA network related to overall survival. (A) Kaplan–Meier
survival curves for the nine lncRNAs. (B) Kaplan–Meier survival curves for the eight miRNAs. (C) Kaplan–Meier survival curves for the five mRNAs.
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FIGURE 7 | Kaplan–Meier survival curves for the nine-lncRNA, eight-miRNA, and five-mRNA signatures. (A) Kaplan–Meier survival curves for the nine-lncRNA
signature. (B) Kaplan–Meier survival curves for the eight-miRNA signature. (C) Kaplan–Meier survival curves for the five-mRNA signature.

are non-coding and protein-coding. The results attempt to
primarily define the ceRNA-mediated molecular mechanism
that operates in the colorectal tumorigenesis at the level
of transcription.

In various cancers, the evident presence of dysregulated
lncRNAs demonstrated an association with patient survival (Gao
et al., 2017; Sun et al., 2017; Zhang et al., 2017). Furthermore,
the development of numerous lncRNA signatures improves
the prognosis prediction of cancers that includes glioblastoma
multiforme (Zhang et al., 2013), breast cancer (Meng et al.,
2014), and lung cancer (Zhou et al., 2015). Recently, Wang et al.
(2018) and Fan and Liu (2018) identified lncRNA signatures
to prognosis prediction of CRC using Cox regression analysis.

According to the expression values of nine DElncRNAs in
the ceRNA network of patients, we generated a risk score
model. We also found that, based on varied expression profiles
of patients, nine-lncRNA signature differentiates CRC patients
between poor and good prognoses. The nine-lncRNA signature
is as follows: AC103740.1, AC069120.1, CASC11, AC016027.1,
ST8SIA6-AS1, AL109615.3, H19, MIR17HG, and TSPEAR-AS2.
A potential prognostic lncRNA, known as the ST8SIA6-AS1
from the nine lncRNAs, is recommended to become a tumor
progression indicator that is applicable in different types of
cancers (Fang et al., 2019; Luo et al., 2019). In the context
of CRC, our findings confirmed ST8SIA6-AS1’s important
role in CRC’s progression and supported existing reports by
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TABLE 1 | Cox proportional hazards regression model showing the association of variables with overall survival.

Variables Patient N = 335 Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age ≤65 152 Reference Reference

>65 183 1.815 1.010–3.261 0.046 1.944 1.074–3.518 0.028

Gender Male 162 Reference

Female 173 1.013 0.775–1.324 0.924

Tumor location Right 147 Reference

Left 188 0.967 0.566–1.652 0.903

Tumor recurrence No 261 Reference

Yes 74 0.740 0.348–1.572 0.434

Neoplasm cancer Tumor free 153 Reference

With tumor 182 0.924 0.541–1.578 0.771

Residual tumor R0 280 Reference

R1 + R2 55 2.948 1.693- 5.133 <0.001

Tumor stage I 58 Reference

II 125 1.209 0.331–4.410 0.774

III 102 3.149 0.932–10.647 0.065

IV 50 7.806 2.325–26.207 0.001

T stage T1 12 Reference

T2 57 0.644 0.067–6.192 0.703

T3 233 1.827 0.250–13.320 0.522

T4 33 4.379 0.554–37.600 0.161

N stage N0 188 Reference Reference

N1 88 2.498 1.259–4.958 0.009 2.771 1.331–5.766 0.006

N2 59 4.923 2.522–9.609 <0.001 4.116 1.960–8.643 <0.001

M stage M0 285 Reference Reference

M1 50 4.178 2.413–7.234 <0.001 3.280 1.791–6.005 <0.001

lncRNA risk Low 168 Reference Reference

High 167 4.004 2.100–7.633 <0.001 4.900 2.485–9.662 <0.001

miRNA risk Low 168 Reference Reference

High 167 1.853 1.370–2.506 <0.001 4.027 2.155–7.524 <0.001

mRNA risk Low 168 Reference

High 167 1.670 1.239–2.251 0.001

HR, hazard ratio; CI, confidence interval.

presenting consistent results. Nevertheless, more experimental
evidence is required to verify the role of ST8SIA6-AS1 in the
development of CRC.

In the instances where the components of various RNA
transcripts affect each other, the miRNAs presented their key
roles as the hub elements of the ceRNA network. Mediated
by hsa-mir-301a, CASC19, H19, HAGLR, HOTAIR, MIR17HG,
and TMEM132D-AS1 interacted with CFL2, RBM20, and SALL3
in the present CRC-specific ceRNA network. Consistent with
our results, hsa-mir-301a was demonstrated to be involved
in the pathogenesis of CRC, and high expression of hsa-
mir-301a indicated an unfavorable clinical outcome (Zhang
et al., 2014, 2019). Hence, we combined eight miRNAs,
namely hsa-mir-20a, hsa-mir-376b, hsa-mir-526b, hsa-mir-
126, hsa-mir-301a, hsa-mir-186, hsa-mir-3942, and hsa-mir-
144, to develop a risk score. From this, we deduced the
independent prediction of OS by this eight-miRNA signature
in CRC patients. From our understanding, our study is the

first that combines a ceRNA network with TCGA data and
constructs a miRNA-related risk score to evaluate the OS
of CRC patients.

An association was also found between some mRNAs
in the ceRNA network and the survival of CRC patients,
which is similar to lncRNAs and miRNAs. These mRNAs
are the protective mRNA, such as DACH1 and EREG, and
the risky mRNA, such as FOXG1, HIF3A, and SPTBN2.
In many studies, the DACH1 has been involved in the
prognosis of CRC (Yan et al., 2013; Wang, 2015). More
specifically, reports showed that loss of DACH1 expression
results in increased CRC cell growth, motility, and invasiveness
through transforming growth factor β-mediated Epithelial-
Mesenchymal Transition (EMT), and downregulation of DACH1
has important therapeutic implications for targeted therapies
of CRC (Wang, 2015). In our ceRNA network, DACH1
could interact with hsa-mir-217, and many lncRNAs such
as HOTAIR, LINC01748, and MIR17HG could function as
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FIGURE 8 | Nomogram, calibration plots, and decision curve analysis for the prediction of overall survival (OS) in patients with CRC. (A) Nomogram predicting 1-, 3-,
and 5-year OS for CRC patients. (B) Calibration plot for nomogram predicted and observed 3-year overall survival rate. (C) Decision curve analysis for 1-, 3-, and
5-year overall survival predictions. (D) Decision curve analysis comparing nomogram with the lncRNA risk score + miRNA risk score + mRNA risk score model and
the age + tumor stage.

molecular sponge to regulate hsa-mir-217. However, these
lncRNA–miRNA–mRNA novel potential interaction hypotheses
require further investigation and experimental confirmation.
The establishment of a five-mRNA signature-based prognostic
prediction system based on the mRNAs in the ceRNA
network includes HIF3A, SPTBN2, DACH1, EREG, and FOXG1.
As presented by the results of the Kaplan–Meier survival
analysis, this system classified patients in the TCGA dataset
into good, bad, and significantly different prognoses. In a
univariable Cox regression model, we found a significantly
shorter OS for patients with high-risk scores. This directly
corresponds to an increase in CRC-related deaths. Overall, these
results suggest that, in molecular pathogenesis, progression,
and the prognosis of CRC, these mRNAs could play a
fundamental role.

As far as we know, this is the first nomogram to combine
clinicopathological data with lncRNA, miRNA, and mRNA
signatures. In predicting the OS of CRC patients, the sufficient
clarity and adequate calibration of the nomogram’s C-index
were at 0.838. To further investigate the predictive ability
of the nomogram, we reviewed some published nomograms
for prognosis prediction in CRC, which were contained RNA

signatures and clinical features (Jacob et al., 2018; Xiong et al.,
2018; Huang et al., 2019; Lee et al., 2019; Mo et al., 2019;
Song and Fu, 2019; Yang et al., 2020). We found that the
C-index of our nomogram was significantly greater than that
of other nomograms. Additionally, our recently completed
nomogram model had a significantly higher level of net benefit,
as demonstrated by the DCA results.

Despite our nomogram’s supportive role in the prediction
of OS in CRC patients by the physicians, our research has
several limitations. First, although the data of this study were
all from the TCGA database, they were retrospective essentially,
so a large-scale and multicenter prospective study should be
launched to prove our results and eliminate the selective bias.
Second, in our study, we used the mRNAseq, miRNAseq data,
and clinicopathological data in the TCGA database to construct
the nomogram. It is difficult to find a suitable similar dataset
in other databases for external validation of this nomogram.
However, the risk-prediction model presents optimal predictive
power. Third, one final step still needs to be completed before
clinical application. In large prospective trials, polymerase chain
reaction–based validations would be of great significance in the
clinical setting. Finally, to expound upon the inherent association
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FIGURE 9 | Kaplan–Meier analysis according to nomogram total points (NTP). (A) Kaplan–Meier survival curves for the primary cohort. (B) Kaplan–Meier survival
curves for the 50% validation cohort. (C) Kaplan–Meier survival curves for the 70% validation cohort. (D) Kaplan–Meier survival curves for the 90% validation cohort.

between these RNA signatures and CRC prognosis, increase in
experimental data on these RNAs is mandatory.

CONCLUSION

In conclusion, with the use of bioinformatics analysis, our
study revealed the CRC-specific ceRNA network. Using the
information from the TCGA database, we also investigated their
associations with clinical features. Furthermore, our research
specifies that tumorigenesis occurs through the dysregulation
of ceRNA network. We established a nomogram based on
gene expression profile, clinical features, and pathological
factors for predicting OS in CRC patients. Ultimately, the
excellent discrimination and risk stratification of the formulated
nomogram obtain the prediction OS in CRC patients.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. These data
can be found in the Cancer Genome Atlas (https://tcga-data.nci.
nih.gov/).

AUTHOR CONTRIBUTIONS

ZZ, YL, and XJia contributed to the planning of the study.
WL and XJin conducted data analysis. WL, WY, GW, and
XJia drafted the manuscript and revised the manuscript. XJia
verified the numerical results by an independent implementation.
WL, XJin, and GW prepared all the figures and tables. XJia,
YL, and ZZ contributed to interpretation of data and review
of the manuscript. All the authors reviewed and approved the
final manuscript.

FUNDING

The study was supported by the National Natural
Science Foundation of China (No. 81572758),
Natural Science Foundation of Hebei Province
(No. H2017206286), Young Top-Notch Talent
Foundation of Hebei Province Office of Education
(No. BJ2018042), International Science and Technology
Cooperation Program of Hebei (Nos. YZ201802 and
2019YX006A), other foundation from Hebei Province

Frontiers in Genetics | www.frontiersin.org 11 June 2020 | Volume 11 | Article 583

https://tcga-data.nci.nih.gov/
https://tcga-data.nci.nih.gov/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles


fgene-11-00583 June 19, 2020 Time: 17:52 # 12

Li et al. Comprehensive Analysis of CRC ceRNA-Network

(Nos. LNB201911, zh2018002, 162777271, 20180222, and
18277741D), and Spark Program of the First Hospital of Hebei
Medical University.

ACKNOWLEDGMENTS

The results published here are in whole or part based upon the
data generated by the Cancer Genome Atlas managed by the

NCI and NHGRI. Information about TCGA can be found at
http://cancergenome.nih.gov.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fgene.
2020.00583/full#supplementary-material

REFERENCES
Ashburner, M., Ball, C. A., Blake, J. A., Botstein, D., Butler, H., Cherry, J. M., et al.

(2000). Gene ontology: tool for the unification of biology. Nat. Genet. 25, 25–29.
doi: 10.1038/75556

Baltimore, D. (2001). Our genome unveiled. Nature 409, 814–816. doi: 10.1038/
35057267

Beermann, J., Piccoli, M. T., Viereck, J., and Thum, T. (2016). Non-coding
RNAs in development and disease: background, mechanisms, and therapeutic
approaches. Physiol. Rev. 96, 1297–1325. doi: 10.1152/physrev.00041.2015

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A.
(2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 68,
394–424. doi: 10.3322/caac.21492

Camp, E. R., and Ellis, L. M. (2015). CCR 20th anniversary commentary: RAS as
a biomarker for EGFR–targeted therapy for colorectal cancer-from concept to
practice. Clin. Cancer Res. 21, 3578–3580. doi: 10.1158/1078-0432.ccr-14-2900

Camp, R. L., Dolled-Filhart, M., and Rimm, D. L. (2004). X-tile: a new bio-
informatics tool for biomarker assessment and outcome-based cut-point
optimization. Clin. Cancer Res. 10, 7252–7259. doi: 10.1158/1078-0432.ccr-04-
0713

Cunningham, F., Achuthan, P., Akanni, W., Allen, J., Amode, M. R., Armean,
I. M., et al. (2019). Ensembl 2019. Nucleic Acids Res. 47, D745–D751. doi:
10.1093/nar/gky1113

Denzler, R., Agarwal, V., Stefano, J., Bartel, D. P., and Stoffel, M. (2014). Assessing
the ceRNA hypothesis with quantitative measurements of miRNA and target
abundance. Mol. Cell 54, 766–776. doi: 10.1016/j.molcel.2014.03.045

Di, W., Weinan, X., Xin, L., Zhiwei, Y., Xinyue, G., Jinxue, T., et al. (2019).
Long noncoding RNA SNHG14 facilitates colorectal cancer metastasis through
targeting EZH2-regulated EPHA7. Cell Death Dis. 10:514. doi: 10.1038/s41419-
019-1707-x

Fan, Q., and Liu, B. (2018). Discovery of a novel six-long non-coding RNA
signature predicting survival of colorectal cancer patients. J. Cell Biochem. 119,
3574–3585. doi: 10.1002/jcb.26548

Fang, K., Hu, C., Zhang, X., Hou, Y., Gao, D., Guo, Z., et al. (2019). LncRNA
ST8SIA6-AS1 promotes proliferation, migration and invasion in breast cancer
through the p38 MAPK ssignalling pathway. Carcinogenesis 30:bgz19. doi: 10.
1093/carcin/bgz197

Fang, Y., and Fullwood, M. J. (2016). Roles, functions, and mechanisms of Long
Non-coding RNAs in Cancer. Genomics Proteomics Bioinformatics 14, 42–54.
doi: 10.1016/j.gpb.2015.09.006

Ferlay, J., Soerjomataram, I., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., et al.
(2015). Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int. J. Cancer 136, E359–E386. doi: 10.1002/ijc.
29210

Gao, X., Wen, J., Gao, P., Zhang, G., and Zhang, G. (2017). Overexpression of
the long non-coding RNA, linc-UBC1, is associated with poor prognosis and
facilitates cell proliferation, migration, and invasion in colorectal cancer. Onco
Targets Ther. 10, 1017–1026. doi: 10.2147/ott.s129343

Huang, Z., Liu, J., Luo, L., Sheng, P., Wang, B., Zhang, J., et al. (2019). Genome-
wide identification of a novel autophagy-related signature for colorectal cancer.
Dose Response 17:1559325819894179. doi: 10.1177/1559325819894179

Iasonos, A., Schrag, D., Raj, G. V., and Panageas, K. S. (2008). How to build
and interpret a nomogram for cancer prognosis. J. Clin. Oncol. 26, 1364–1370.
doi: 10.1200/jco.2007.12.9791

Iguchi, T., Uchi, R., Nambara, S., Saito, T., Komatsu, H., Hirata, H.,
et al. (2015). A long noncoding RNA, lncRNA-ATB, is involved in
the progression and prognosis of colorectal cancer. Anticancer Res. 35,
1385–1388.

Jacob, H., Stanisavljevic, L., Storli, K. E., Hestetun, K. E., Dahl, O., and Myklebust,
M. P. (2018). A four-microRNA classifier as a novel prognostic marker for
tumor recurrence in stage II colon cancer. Sci. Rep. 8:6157. doi: 10.1038/s41598-
018-24519-4

Jeon, J., Du, M., Schoen, R. E., Hoffmeister, M., Newcomb, P. A., Berndt, S. I.,
et al. (2018). Determining risk of colorectal cancer and starting age of screening
based on lifestyle.environmental, and genetic factors. Gastroenterology 154,
2152.e19–2164.e19. doi: 10.1053/j.gastro.2018.02.021

Kanehisa, M., Goto, S., Kawashima, S., Okuno, Y., and Hattori, M. (2004). The
KEGG resource for deciphering the genome. Nucleic Acids Res. 32, D277–D280.
doi: 10.1093/nar/gkh063

Lee, J. H., Jung, S., Park, W. S., Choe, E. K., Kim, E., Shin, R., et al. (2019).
Prognostic nomogram of hypoxia-related genes predicting overall survival of
colorectal cancer-Analysis of TCGA database. Sci. Rep. 9:1803. doi: 10.1038/
s41598-018-38116-y

Lee, Y. J., Kang, Y. R., Lee, S. Y., Jin, Y., Han, D. C., and Kwon, B. M. (2017).
Ginkgetin induces G2-phase arrest in HCT116 colon cancer cells through the
modulation of bMyb and miRNA34a expression. Int. J. Oncol. 51, 1331–1342.
doi: 10.3892/ijo.2017.4116

Li, F., Li, Q., and Wu, X. (2018). Construction and analysis for differentially
expressed long non-coding RNAs and MicroRNAs mediated competing
endogenous RNA network in colon cancer. PLoS One 13:e0192494. doi: 10.
1371/journal.pone.0192494

Luo, M. L., Li, J., Shen, L., Chu, J., Guo, Q., Liang, G., et al. (2019). The Role
of APAL/ST8SIA6-AS1 lncRNA in PLK1 activation and mitotic catastrophe of
tumor cells. J. Natl. Cancer Inst. 112, 356–368. doi: 10.1093/jnci/djz134

Meng, J., Li, P., Zhang, Q., Yang, Z., and Fu, S. (2014). A four-long non-coding
RNA signature in predicting breast cancer survival. J. Exp. Clin. Cancer Res.
33:84. doi: 10.1186/s13046-014-0084-7

Mo, S., Dai, W., Xiang, W., Li, Y., Feng, Y., Zhang, L., et al. (2019). Prognostic and
predictive value of an autophagy-related signature for early relapse in stages
I-III colon cancer. Carcinogenesis 40, 861–870. doi: 10.1093/carcin/bgz031

Raveh, E., Matouk, I. J., Gilon, M., and Hochberg, A. (2015). The H19 Long
non-coding RNA in cancer initiation, progression and metastasis - a proposed
unifying theory. Mol. Cancer 14:184. doi: 10.1186/s12943-015-0458-2

Robinson, M. D., McCarthy, D. J., and Smyth, G. K. (2010). edgeR: a Bioconductor
package for differential expression analysis of digital gene expression data.
Bioinformatics 26, 139–140. doi: 10.1093/bioinformatics/btp616

Salmena, L., Poliseno, L., Tay, Y., Kats, L., and Pandolfi, P. P. (2011). A ceRNA
hypothesis: the rosetta stone of a hidden RNA language? Cell 146, 353–358.
doi: 10.1016/j.cell.2011.07.014

Shannon, P., Markiel, A., Ozier, O., Baliga, N. S., Wang, J. T., Ramage, D.,
et al. (2003). Cytoscape: a software environment for integrated models of
biomolecular interaction networks. Genome Res. 13, 2498–2504. doi: 10.1101/
gr.1239303

Song, W., and Fu, T. (2019). Circular RNA-associated competing endogenous RNA
network and prognostic nomogram for patients with colorectal cancer. Front.
Oncol. 9:1181. doi: 10.3389/fonc.2019.01181

St Laurent, G., Wahlestedt, C., and Kapranov, P. (2015). The landscape of long
noncoding RNA classification. Trends Genet. 31, 239–251. doi: 10.1016/j.tig.
2015.03.007

Frontiers in Genetics | www.frontiersin.org 12 June 2020 | Volume 11 | Article 583

http://cancergenome.nih.gov
https://www.frontiersin.org/articles/10.3389/fgene.2020.00583/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2020.00583/full#supplementary-material
https://doi.org/10.1038/75556
https://doi.org/10.1038/35057267
https://doi.org/10.1038/35057267
https://doi.org/10.1152/physrev.00041.2015
https://doi.org/10.3322/caac.21492
https://doi.org/10.1158/1078-0432.ccr-14-2900
https://doi.org/10.1158/1078-0432.ccr-04-0713
https://doi.org/10.1158/1078-0432.ccr-04-0713
https://doi.org/10.1093/nar/gky1113
https://doi.org/10.1093/nar/gky1113
https://doi.org/10.1016/j.molcel.2014.03.045
https://doi.org/10.1038/s41419-019-1707-x
https://doi.org/10.1038/s41419-019-1707-x
https://doi.org/10.1002/jcb.26548
https://doi.org/10.1093/carcin/bgz197
https://doi.org/10.1093/carcin/bgz197
https://doi.org/10.1016/j.gpb.2015.09.006
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.2147/ott.s129343
https://doi.org/10.1177/1559325819894179
https://doi.org/10.1200/jco.2007.12.9791
https://doi.org/10.1038/s41598-018-24519-4
https://doi.org/10.1038/s41598-018-24519-4
https://doi.org/10.1053/j.gastro.2018.02.021
https://doi.org/10.1093/nar/gkh063
https://doi.org/10.1038/s41598-018-38116-y
https://doi.org/10.1038/s41598-018-38116-y
https://doi.org/10.3892/ijo.2017.4116
https://doi.org/10.1371/journal.pone.0192494
https://doi.org/10.1371/journal.pone.0192494
https://doi.org/10.1093/jnci/djz134
https://doi.org/10.1186/s13046-014-0084-7
https://doi.org/10.1093/carcin/bgz031
https://doi.org/10.1186/s12943-015-0458-2
https://doi.org/10.1093/bioinformatics/btp616
https://doi.org/10.1016/j.cell.2011.07.014
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1101/gr.1239303
https://doi.org/10.3389/fonc.2019.01181
https://doi.org/10.1016/j.tig.2015.03.007
https://doi.org/10.1016/j.tig.2015.03.007
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles


fgene-11-00583 June 19, 2020 Time: 17:52 # 13

Li et al. Comprehensive Analysis of CRC ceRNA-Network

Sun, Y., Zhou, Y., Bai, Y., Wang, Q., Bao, J., Luo, Y., et al. (2017). A long non-
coding RNA HOTTIP expression is associated with disease progression and
predicts outcome in small cell lung cancer patients. Mol. Cancer 16:162. doi:
10.1186/s12943-017-0729-1

Tay, Y., Rinn, J., and Pandolfi, P. P. (2014). The multilayered complexity of ceRNA
crosstalk and competition. Nature 505, 344–352. doi: 10.1038/nature12986

Tian, X., Zhu, X., Yan, T., Yu, C., Shen, C., Hu, Y., et al. (2017). Recurrence-
associated gene signature optimizes recurrence-free survival prediction of
colorectal cancer. Mol. Oncol. 11, 1544–1560. doi: 10.1002/1878-0261.12117

Wang, P. (2015). Suppression of DACH1 promotes migration and invasion of
colorectal cancer via activating TGF-beta-mediated epithelial-mesenchymal
transition. Biochem. Biophys. Res. Commun. 460, 314–319. doi: 10.1016/j.bbrc.
2015.03.032

Wang, Y., Li, J., Xia, Y., Gong, R., Wang, K., Yan, Z., et al. (2013). Prognostic
nomogram for intrahepatic cholangiocarcinoma after partial hepatectomy.
J. Clin. Oncol. 31, 1188–1195. doi: 10.1200/jco.2012.41.5984

Wang, Y. L., Shao, J., Wu, X., Li, T., Xu, M., and Shi, D. (2018). A
long non-coding RNA signature for predicting survival in patients with
colorectal cancer. Oncotarget 9, 21687–21695. doi: 10.18632/oncotarget.
23431

Wu, S., Wu, F., and Jiang, Z. (2017). Identification of hub genes, key miRNAs
and potential molecular mechanisms of colorectal cancer. Oncol. Rep. 38,
2043–2050. doi: 10.3892/or.2017.5930

Xiao, K., Yu, Z., Li, X., Li, X., Tang, K., Tu, C., et al. (2016). Genome-wide analysis
of Epstein-Barr Virus (EBV) integration and strain in C666-1 and raji cells.
J. Cancer 7, 214–224. doi: 10.7150/jca.13150

Xiong, Y., You, W., Hou, M., Peng, L., Zhou, H., and Fu, Z. (2018). Nomogram
integrating genomics with clinicopathologic features improves prognosis
prediction for colorectal cancer. Mol. Cancer Res. 16, 1373–1384. doi: 10.1158/
1541-7786.MCR-18-0063

Yan, W., Wu, K., Herman, J. G., Brock, M. V., Fuks, F., Yang, L.,
et al. (2013). Epigenetic regulation of DACH1, a novel Wnt signaling
component in colorectal cancer. Epigenetics 8, 1373–1383. doi: 10.4161/epi.
26781

Yang, Y., Qu, A., Wu, Q., Zhang, X., Wang, L., Li, C., et al. (2020). Prognostic value
of a hypoxia-related microRNA signature in patients with colorectal cancer.
Aging 12, 35–52. doi: 10.18632/aging.102228

Yu, G., Wang, L. G., Han, Y., and He, Q. Y. (2012). clusterProfiler: an R package
for comparing biological themes among gene clusters. OMICS 16, 284–287.
doi: 10.1089/omi.2011.0118

Zhang, J. H., Li, A. Y., and Wei, N. (2017). Downregulation of long non-coding
RNA LINC01133 is predictive of poor prognosis in colorectal cancer patients.
Eur. Rev. Med .Pharmacol. Sci. 21, 2103–2107.

Zhang, L., Zhang, Y., Zhu, H., Sun, X., Wang, X., Wu, P., et al. (2019).
Overexpression of miR-301a-3p promotes colorectal cancer cell proliferation
and metastasis by targeting deleted in liver cancer-1 and runt-related
transcription factor 3. J. Cell Biochem. 120, 6078–6089. doi: 10.1002/jcb.27894

Zhang, W., Zhang, T., Jin, R., Zhao, H., Hu, J., Feng, B., et al. (2014). MicroRNA-
301a promotes migration and invasion by targeting TGFBR2 in human
colorectal cancer. J. Exp. Clin. Cancer Res. 33:113. doi: 10.1186/s13046-014-
0113-6

Zhang, X. Q., Sun, S., Lam, K. F., Kiang, K. M., Pu, J. K., Ho, A. S., et al. (2013). A
long non-coding RNA signature in glioblastoma multiforme predicts survival.
Neurobiol. Dis. 58, 123–131. doi: 10.1016/j.nbd.2013.05.011

Zhang, Y., Xu, Y., Feng, L., Li, F., Sun, Z., Wu, T., et al. (2016a). Comprehensive
characterization of lncRNA-mRNA related ceRNA network across 12 major
cancers. Oncotarget 7, 64148–64167. doi: 10.18632/oncotarget.11637

Zhang, Z. Y., Gao, W., Luo, Q. F., Yin, X. W., Basnet, S., Dai, Z. L., et al. (2016b).
A nomogram improves AJCC stages for colorectal cancers by introducing CEA,
modified lymph node ratio and negative lymph node count. Sci. Rep. 6:39028.
doi: 10.1038/srep39028

Zhou, M., Guo, M., He, D., Wang, X., Cui, Y., Yang, H., et al. (2015). A potential
signature of eight long non-coding RNAs predicts survival in patients with
non-small cell lung cancer. J. Transl. Med. 13:231. doi: 10.1186/s12967-015-
0556-3

Zhu, B., Zhang, P., Liu, M., Jiang, C., Liu, H., and Fu, J. (2018). Prognostic
significance of CSN2, CD8, and MMR Status-associated nomograms in patients
with colorectal cancer. Transl. Oncol. 11, 1202–1212. doi: 10.1016/j.tranon.
2018.07.006

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Li, Yu, Jiang, Gao, Wang, Jin, Zhao and Liu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Genetics | www.frontiersin.org 13 June 2020 | Volume 11 | Article 583

https://doi.org/10.1186/s12943-017-0729-1
https://doi.org/10.1186/s12943-017-0729-1
https://doi.org/10.1038/nature12986
https://doi.org/10.1002/1878-0261.12117
https://doi.org/10.1016/j.bbrc.2015.03.032
https://doi.org/10.1016/j.bbrc.2015.03.032
https://doi.org/10.1200/jco.2012.41.5984
https://doi.org/10.18632/oncotarget.23431
https://doi.org/10.18632/oncotarget.23431
https://doi.org/10.3892/or.2017.5930
https://doi.org/10.7150/jca.13150
https://doi.org/10.1158/1541-7786.MCR-18-0063
https://doi.org/10.1158/1541-7786.MCR-18-0063
https://doi.org/10.4161/epi.26781
https://doi.org/10.4161/epi.26781
https://doi.org/10.18632/aging.102228
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1002/jcb.27894
https://doi.org/10.1186/s13046-014-0113-6
https://doi.org/10.1186/s13046-014-0113-6
https://doi.org/10.1016/j.nbd.2013.05.011
https://doi.org/10.18632/oncotarget.11637
https://doi.org/10.1038/srep39028
https://doi.org/10.1186/s12967-015-0556-3
https://doi.org/10.1186/s12967-015-0556-3
https://doi.org/10.1016/j.tranon.2018.07.006
https://doi.org/10.1016/j.tranon.2018.07.006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles

	The Construction and Comprehensive Prognostic Analysis of the LncRNA-Associated Competitive Endogenous RNAs Network in Colorectal Cancer
	Introduction
	Materials and Methods
	Data Collection
	Differentially Expressed Analysis
	Functional Annotation
	Construct the ceRNA Network
	Survival Analysis
	Construction of Nomogram

	Results
	Identifying DElncRNAs, DEmiRNAs, and DEmRNAs
	Functional Annotation
	Construction of a ceRNA Network
	Survival Analysis for the ceRNAs
	Establishment and Internal Validation of the Nomogram

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


