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Abstract. Autophagy is crucial in cellular homeostasis 
and has been implicated in the development of malignant 
tumors. However, the regulatory function of autophagy in 
cancer remains to be fully elucidated. In the present study, 
the autophagy-mediated competing endogenous RNA 
(ceRNA)-ceRNA interaction networks in colorectal cancer 
(CRC) were constructed by integrating systematically expres-
sion profiles of long non‑coding RNAs and mRNAs. It was 
found that a large proportion of autophagy genes were inclined 
to target hub nodes, including a fraction of autophagy genes, 
by comparing with other genes within ceRNA networks, 
and showed preferential interaction with themselves. The 
present study also revealed that autophagy genes may be 
used as prognostic markers for cancer therapy. A risk score 
model based on multivariable Cox regression analysis was 
then used to capture novel biomarkers in connection with 
lncRNA for the prognosis of CRC. These biomarkers were 
confirmed in the test dataset and an additional independent 
dataset. Furthermore, the prognostic value of biomarkers is 
independent of conventional clinical factors. These results 
provide improved understanding of autophagy-mediated 
ceRNA regulatory mechanisms in CRC and provide novel 
potential molecular therapeutic targets for the diagnosis and 
treatment of CRC.

Introduction

The role of autophagy in cancer has been the subject of 
numerous studies, which have attempted to dissect the complex 
functions in the process of tumor development. In previous 
years, increasing evidence has indicated that autophagy is an 
evolutionarily conserved mechanism of adaptation to sustain 
homeostasis against stress in adverse microenvironmental 
conditions (1). Autophagy was originally considered to be 
a tumor suppression mechanism in human breast cancer, 
ovarian cancer and colorectal cancer (CRC) (2,3). However, 
emerging data revealed that the dysregulation of autophagy 
function not only led to the disruption of physiological 
processes, but also enabled the creation of an environment 
for cancer initiation (4). For example, activation of cancer 
pathways within tumor cells can increase the requirement 
for autophagy to promote tumor growth and survival (5). 
These studies provide key insights into the potential role of 
autophagy in tumor biology. A previous study by Mizushima 
et al showed that autophagy genes controlled the process of 
autophagy in cells (6). Autophagy genes, including mRNAs 
or long non-coding RNAs (lnRNAs) may serve for competing 
endogenous RNAs (ceRNAs) as the basic component of the 
ceRNA regulatory network and be critical in tumor develop-
ment. However, the biomedical significance of autophagy 
genes in the ceRNA-ceRNA interaction network remains to 
be fully elucidated. In particular, it remains unclear whether 
autophagy genes effectively act as novel potential biomarkers 
or therapeutic targets to combat cancer, including CRC. 
Therefore, it is essential to perform a systematic analysis of 
the autophagy-mediated ceRNA-ceRNA interaction network 
to evaluate the potential clinical use of autophagy genes.

Taking advantage of RNA-sequencing transcriptomic data 
of The Cancer Genome Atlas (TCGA) and information on 
autophagy genes collected from autophagy-associated data-
bases, the present study constructed the autophagy-mediated 
ceRNA-ceRNA interaction networks in CRC [including colon 
adenocarcinoma (COAD) and rectal adenocarcinoma (READ)] 
by systematically analyzing the molecular profiles of CRC 
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and microRNA (miRNA) regulations, respectively. Through 
in depth analysis of the ceRNA networks, it was found that 
autophagy genes have a major role in the ceRNA networks of 
CRC, and autophagy-related triplets encompassing ceRNAs 
and miRNAs have a direct association with the survival rate 
of patients with colon cancer and rectal cancer. The present 
study also assessed the potential clinical utility of modules 
consisting of autophagy-related triplets for predicting patient 
survival rates. The analyses of autophagy gene-associated 
ceRNA network provided an improved understanding of the 
mechanism of action of autophagy in CRC and may provide a 
novel outlook into clinical therapeutic modality development 
for CRC.

Materials and methods

Data resources. The gene expression and clinical information 
of CRC were derived from TCGA 2015 (http://cancergenome.
nih.gov/) (7), which provided the miRNASeq and RNASeqV2 
data, including 246 patients with COAD and 84 patients with 
rectal cancer READ. The patients were filtered by age, stage 
and chemotherapy information separately for further analysis 
(Table I). A total of 239 and 221 patients of the total of 246 had 
information on stage and chemotherapy, respectively (Table I).

Information of exons mapping to coding/lncRNA genes 
were obtained from GENCODE Release 19 (8), and those 
lncRNA exons that overlapped with any known coding genes 
were filtered out. The lncRNA expression profile of CRC was 
recalculated using the method of Wang et al (9), and only types of 
‘antisense’, ‘non-coding’, ‘processed transcript’ and ‘lincRNA’ 
with lengths of >200 nt were considered as lncRNAs. The reads 
per kilobase per million reads (RPKM) were then recalculated 
to quantify the expression levels of lncRNAs (9). All expression 
profiles in the present study were preprocessed by zero line‑
deleted, adding 0.05 for zero and log2-transformed.

A cohort of 63 patients with COAD from the Gene Expression 
Omnibus (GEO) database (accession no. GSE29623) (10) was 
used as an independent external test set. Replicate genes were 
combined by averaging their expression values. We were 
not able to find suitable external verification data with both 
mRNA/miRNA expression and clinical data on the GEO data-
base for READ. Therefore, there was no GEO validation set 
for READ in our study.

A total of 433,617 pairs of experimental interactions 
between miRNAs and lncRNAs/mRNAs were downloaded 
from starBase v2.0 (hg19) (11). The autophagy genes were 
collected from the Cancer Proteomics database (12) (http://
celldeathproteomics.uio.no./), ncRDeathDB (13) (http://www.
rna-society.org/ncrdeathdb/), and miRDeathDB (14) (http://
rna-world.org/mirdeathdb/). Following the union of the three 
databases and removal of the redundant or unidentified genes, 
1,973 RNAs associated with autophagy were retained, which 
included 194 miRNAs, 1,775 mRNAs, and four lncRNAs.

Construction and analysis of the CRC ceRNA‑ceRNA network. 
For construction of the network, the following two principles 
were mainly followed to identify ceRNA pairs in CRC.

i) Predicting co-regulated gene pairs: For a given gene pair 
(g1 and g2), miRNAs that regulate the two genes were first 
identified, followed by measurement of whether these two genes 

significantly shared miRNAs using a hypergeometric test. The 
P-value was calculated according to the following formula:

N represents the number of all human miRNAs, which is 
also termed background distribution, K represents the whole 
number of miRNAs regulating g1, M represents the whole 
number of miRNAs regulating g2, and x represents the 
number of shared miRNAs between g1 and g2. All P-values 
were adjusted by the Bonferroni correction and only the 
pairs with adjusted P<0.005 were considered as significantly 
co-regulated gene pairs.

ii) Predicting co-expression gene pairs: The Pearson's 
correlation coefficients were calculated for each pair of 
genes in the co-regulated network. A pair with a correlation 
coefficient >0 and a false discovery rate (FDR)<0.005 was 
considered as co-expressed. Using the two steps above, the 
CRC ceRNA-ceRNA network was constructed.

Construction of the human CRC autophagy‑mediated 
ceRNA‑ceRNA interaction network. At first, an miRNA was 
added into the ceRNA network if the miRNA was shared by 
any pair of ceRNA genes in the ceRNA network. Furthermore, 
if at least two of any triplet were autophagy genes in the 
miRNA-mediated ceRNA-ceRNA interaction network, the 
triplets were added to the autophagy-mediated ceRNA-ceRNA 
interaction network. Eventually, the autophagy-mediated 
ceRNA-ceRNA interaction network was constructed.

Prognostic triplets. Univariate Cox regression analysis was 
used to evaluate the association between the expression level 
of each gene and survival rate. Triplets in the autophagy-
mediated ceRNA‑ceRNA interaction network were defined as 
prognostic triplets when all three genes of the triplet had a 
P-value of P<0.05 in TCGA.

Prognostic modules. The multivariate Cox proportional 
hazards model was used to determine the association between 
the expression level of prognostic triplets and survival rate. 
The corresponding P-values of the log-rank tests were respec-
tively calculated on the TCGA training set, TCGA test set and 
GEO datasets.

The prognostic triplets with log-rank P<0.05 in the training, 
test and GEO datasets were preserved. The GEO verification 
for READ was not considered due to the lack of GEO data. 
The linked gene block of the preserved prognostic triplets 
with the highest number of genes was considered as a gene 
module, and the module was visualized by Cytoscape (15) and 
Rcircos 1.2.0 (16).

Grouping of specimens into different risk groups using the 
multivariate Cox proportional hazards regression model. The 
multivariate Cox proportional hazards regression model was 
used to calculate the respective risk coefficients based on the 
gene expression of the input gene set and survival rates, and 
w a risk score was assigned to each patient. The risk score for 
each patient was calculated as follows:
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βj is the multivariate Cox regression coefficient of gene j 
in the input gene set G, n is the number of genes in G, and 
Expressiongene(j) is the expression of gene i in this sample. All 
patients were segregated into high- and low-risk groups using 
the median risk score as the cut-off point.

Results

Importance of autophagy genes in the ceRNA CRC network. 
The expression profiles from TCGA and interaction infor-
mation from StarBase v2.0 were integrated to identify 
the ceRNA-ceRNA interaction network, and the lncRNA 
expression profile of CRC was recalculated using method of 
Wang et al (9). As described above, ceRNA-ceRNA interac-
tion networks of the patients with CRC were constructed, 
which included 91,185 edges (88,388 mRNA-mRNAs; 
2,722 mRNA-lncRNAs; 75 lncRNA-lncRNAs) and 
5,812 nodes (5,696 mRNAs, 116 lncRNAs) for COAD (Fig. 1A, 
left panel), and 50,141 edges (48,845 mRNA-mRNAs; 
1,266 mRNA-lncRNAs; 30 lncRNA-lncRNAs) and 
4,956 nodes (4,865 mRNAs, 91 lncRNAs) for READ (Fig. 1B, 
left panel). The topological analysis suggested that the CRC 
ceRNA network exhibited scale-free characteristics typical 
of biological networks with power-law distribution (Fig. 1A, 
top right panel, COAD, 0.8938; Fig. 1B, top right panel, 
READ, 0.9125) and the clustering coefficient of the CRC 
ceRNA network was significantly higher, compared with that 
of the random network (empirical P<0.001) (Fig. 1A, lower 
right panel and Fig. 1B, lower right panel). In addition, the 
degrees of genes in the ceRNA networks were analyzed, and 
it was found that the degrees of autophagy genes were signifi-
cantly lower, compared with those of the non-autophagy genes 
(Fig. 2A, left panel and Fig. 2B, left panel using the Wilcoxon 

rank sum test (COAD, P=1.261e-06; READ, P=0.03379; 
P<0.05), and autophagy genes were inclined to interact with 
autophagy genes (Fig. 2A, middle panel and Fig. 2B, middle 
panel, Wilcoxon rank sum test). It was also found that only 
a small proportion (COAD, 13.98%; READ, 15.71%) of 
autophagy genes were hubs, with the majority of autophagy 
genes being target hub nodes (Fig. 2A, right panel, Fig. 2B, 
right panel, Table II, Kruskal-Wallis test) by comparing with 
other genes within the ceRNA network. The top 20% of 
genes were defined as hub genes. It was demonstrated that 
autophagy genes function mainly through regulating hubs 
or acting as a hub itself. The present study also constructed 
autophagy-mediated ceRNA-ceRNA interaction networks for 
CRC, comprising 4,240 nodes and 102,119 edges for COAD 
(256,659 triplets), and 3,301 nodes and 77,186 edges for 
READ (162,576 triplets), respectively. The details are shown 
in Table III.

Table I. Clinical characteristics of the patients with colorectal 
cancer from The Cancer Genome Atlas.

 COAD (246) READ (84)
 ---------------------------------------- ------------------------------------------
Parameter Patients Mean ± SD Patients Mean ± SD
 (n) survival (n) survival
  (days)  (days)

Age (years)
  ≤65 121 848.37±80.0 45 958.8±12.1
  >65 125 975.99±75.8 39 781.94±89.0
Stage
  I   37 808.77±42.7  -
  II   97 1,071.79±91.1  -
  I&II   - - 35 1,064.58±71.3
  III    74 908.39±04.5  -
  IV   31 624.16±27.0  -
  III&IV   - - 45 750.34±80.1
Chemotherapy
  Yes   96 840.26±50.3 43 908.67±81.1
  No 115 786.16±69.0 36 792.75±74.7

COAD, colon adenocarcinoma; READ, rectal adenocarcinoma.

Table II. Summary of the nodes in colorectal cancer ceRNA-
ceRNA interaction networks.

Node COAD (n) READ (n)

Hub and autophagy   104     96
Non-hub and autophagy   640   515
Hub and non-autophagy 1,059   892
Non-hub and non-autophagy 4,009 3,453
Total 5,812 4,956

COAD, colon adenocarcinoma; READ, rectal adenocarcinoma; 
ceRNA, competing endogenous RNA.

Table III. Summary of the autophagy-mediated ceRNA-ceRNA 
interaction networks in colorectal cancer.

Attribute COAD (n) READ (n)

Node
  Auto-miRNA 101 100
  miRNA 228 220
  Auto-mRNA 738 606
  mRNA 3,118 2,337
  Auto-lncRNA 0 0
  lncRNA 55 38
Total 4,240 3,301
Edge
  miRNA-mRNA 86,286 68,075
  miRNA-lncRNA 600 422
  mRNA-mRNA 14,986 8,578
  lncRNA-lncRNA 0 0
  mRNA-lncRNA 247 111
Total 102,119 77,186

COAD, colon adenocarcinoma; READ, rectal adenocarcinoma; 
miRNA, microRNA; lncRNA, long non-coding RNA.
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Figure 1. Layouts and analyses of colorectal cancer ceRNA-ceRNA interaction networks. Layouts of the largest component ceRNA network in (A) COAD 
and (B) READ are shown on the left. A node colored blue represents a ceRNA, a node colored green represents an autophagy gene, a node colored orange 
represents a hub gene, and a node colored purple represents a hub node related to autophagy. The upper graphs show the degree distribution of the COAD and 
READ ceRNA network, respectively. The lower graphs show that the clustering coefficient of the COAD and READ ceRNA network is significantly higher 
than that of the random network, respectively. COAD, colon adenocarcinoma; READ, rectal adenocarcinoma; ceRNA, competing endogenous RNA.

Figure 2. Analyses of autophagy genes and other genes within colorectal cancer ceRNA networks. Results for (A) COAD and (B) READ show the degree 
of autophagy genes and non-autophagy genes (left panel), the ratios of autophagy genes to non-autophagy genes in the neighbors of autophagy genes and 
non-autophagy genes (ratio = number of autophagy genes in neighbors / number of non-autophagy genes in neighbors) (middle panel), and the comparison of 
ratios of non-autophagy and hub genes to non-autophagy and non-hub genes in the neighbors among hub and autophagy genes, non-hub and autophagy genes 
and other genes in ceRNA networks (ratio = number of non-autophagy and hub genes in neighbors / number of non-autophagy and non-hub genes in neighbors) 
(right panel). The P-value was calculated by the Wilcoxon rank sum test (left and middle panels) or Kruskal-Wallis test (right panels). *P<0.05; **P<0.01. 
Auto_RNAs, autophagy genes; Other_RNAs, non-autophagy genes; Hub&Auto_RNAs, autophagy and hub genes; Non-hub&Auto_RNAs, autophagy and 
non-hub genes; COAD, colon adenocarcinoma; READ, rectal adenocarcinoma; ceRNA, competing endogenous RNA.
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The associations between the numbers of shared miRNAs 
and the numbers of ceRNA pairs, and the Pearson correlation 
coefficients in the autophagy‑mediated ceRNA‑ceRNA inter-
action networks, are shown in Fig. 3. There existed a common 
finding that, as the number of common miRNAs increased, 
the number of ceRNAs increased at first and then decreased 
in COAD and READ (Fig. 3A, left panel, and Fig. 3B, left 
panel). It was also found that the co-expression of ceRNAs in 
the network increased with the number of common miRNAs 
(Fig. 3A, right panel, and Fig. 3B, right panel for COAD 
(P=1.048e-05, R=0.384) and READ (P=4.184e-04, R=0.317).

Identification of triplets significantly associated with survival 
rates in CRC. Previous studies have suggested that complete 
triplets encompassing ceRNAs and miRNAs are associated 
with critical biological functions and the survival rates of 
patients with cancer (9). Univariate Cox regression analysis 
was used to calculate the risk coefficient and P‑value of each 
gene in the autophagy-mediated ceRNA-ceRNA interaction 
networks, and all triplets in the networks contained at least two 
autophagy genes. Certain triplets were found to be associated 
with the prognosis of CRC (17).

To further verify the prognostic ability of triplets, the 
patients were divided into two subgroups (training group and 

test group) containing equal numbers. No significant differ-
ences were observed between the two subgroups using the 
Wilcoxon rank sum test for gender, age, weight or stages (all 
P>0.05). The multivariate Cox proportional hazards regression 
model was used to calculate the respective risk coefficients 
based on the gene expression of the triplet. All patients in the 
TCGA training data set were then segregated into high- and 
low-risk groups using the median risk score as the cut-off 
point. The overall survival time for the high- and low-risk 
groups were estimated using the Kaplan-Meier method (18-21). 
The log-rank test was used to analyze the differences in the 
survival times.

A similar multivariate Cox regression analysis was 
performed in the TCGA test dataset, and in GSE29623 for 
COAD. Only the prognostic triplets with log-rank P<0.05 in 
the TCGA training set, TCGA test set and GEO dataset were 
preserved (TCGA training set and TCGA test set for READ). 
As there was no lncRNA expression data for GSE29623, multi-
variate Cox regression analysis was not required in GSE29623 
for the triplets containing lncRNA. Finally, 37 (COAD) and 
nine (READ) triplets with prognostic abilities were obtained.

Construction and analysis of prognostic modules in CRC, 
and validation in additional independent test cohorts. It was 

Figure 3. Analyses of colorectal cancer autophagy-mediated ceRNA-ceRNA interaction networks. Results for (A) COAD and (B) READ. Associations between 
the numbers of shared miRNAs and the numbers of ceRNA pairs are shown on the left. Associations between the numbers of shared miRNAs and Pearson 
correlation coefficients of ceRNA pairs are shown on the right). The red line shows fitting of the medians of Pearson correlation coefficients. The P‑value and 
correlation coefficient R of fitting were calculated using Pearson correlation analysis. COAD, colon adenocarcinoma; READ, rectal adenocarcinoma; ceRNA, 
competing endogenous RNA; miRNAs, microRNAs.
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found that 34 of the 37 triplets in COAD and nine triplets in 
READ exhibited interaction wiring, and they were considered 
as a 24-gene module and 15-gene module. It was found that 
both modules had higher clustering coefficients than random 
conditions (random 1,000 times, P<0.01). The interaction 
wiring of the module genes was visualized for COAD (Fig. 4A) 
and READ (Fig. 4B) by Cytoscape (15). The two clustering 
modules were analyzed in subsequent investigations.

The survival curves of the module were estimated using 
the Kaplan-Meier method, and similar methods of scoring and 
classifying of the samples were used to classify the samples 
using the expression of all genes in the modules instead of trip-
lets. This was performed for the COAD module in the TCGA 
training set, TCGA test set, and GSE29623 dataset. For the 
READ module, this was performed in the TCGA training set 
and TCGA test set.

The above analyses demonstrated that the overall survival 
rates were significantly different between the high‑risk group 
and the low-risk group of patients with CRC for COAD 
(training log-rank P=1.58e-06; test log-rank P=1.42e-07) 
and READ (training log-rank P=4.15e-03, test log-rank 
P=2.83e-04). The independent data validation of COAD also 
indicated that the module was stable (GSE29623 log-rank 
P=2.18e-05). The survival curves for COAD and READ are 
shown in Fig. 4C and D. The prognostic efficiency of the 
gene module was significantly higher, compared with that 
of the triplets (Fig. 4C and D, lower panels, Table IV). The 
Kaplan-Meier estimates of overall survival rates of two trip-
lets with low P-values in the analysis of internal and external 
independent datasets with multivariate Cox proportional 
hazards regression model are shown in Table IV, with PDZ 
binding kinase (PBK) and microtubule associated protein 7 

Figure 4. Layouts and analyses of the 24-gene module for COAD and 15-gene module for READ. (A) Layout of the COAD module. (B) Layout of the READ 
module. A node colored pink represents an lncRNA, a node colored blue represents an mRNA, and a node colored orange represents a miRNA. For the 
(C) 24-gene COAD module and (D) 15-gene READ module, the module based risk score distribution and patients' survival status in the training and test sets 
are shown above, and Kaplan-Meier estimates of the OS of patients with COAD according to the module signature are shown below. COAD, colon adenocar-
cinoma; READ, rectal adenocarcinoma; miRNA, microRNA; lncRNA, long non-coding RNA; OS, overall survival.
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(MAP7) in the triplets associated with CRC (22,23). The 
distribution of patient risk score and survival analysis of the 
triplet [MIMAT0000075, PBK, karyopherin subuunit α2 
(KPNA2)] in COAD are also shown in Fig. 5A and B. The 
corresponding P-values of the log-rank tests in the module 
signatures were superior to those of triplet signatures. In addi-
tion, the mortality rate of the high-risk group was higher than 
that of the low-risk group, and this trend was more evident 
in the module analysis from the distribution of the survival 
status (Fig. 4C, upper panel, and Fig. 5A).

Predictive capacity of autophagy‑related prognostic module 
for assessing clinical outcome of CRC. To confirm the stability 
of the modules in autophagy-mediated ceRNA-ceRNA inter-
action network, the survival rates between the high-risk and 
low-risk groups were compared by considering stages, age, and 
chemotherapy, respectively. Stages I and II were merged into 
one group, and stage III and IV were merged into one group 
for READ due to the lack of READ samples. The survival 
curves were estimated using the method described above.

There were significant differences in survival rates 
between the high-risk and low-risk groups. The genetic model 

Figure 5. Example of prognostic triplets (MIMAT0000075, PDZ binding kinase and karyopherin subunit α2) in COAD. (A) Distribution of patients' risk 
score and survival status of the triplet in the training, test and Gene Expression Omnibus datasets. (B) Kaplan-Meier estimates of OS of patients with COAD 
according to the triple signature. COAD, colon adenocarcinoma; OS, overall survival.

Table IV. Log-rank P-values of two examples of the triple signatures in colorectal cancer.

Cancer Triplet Training Test GSE29623

COAD MIMAT0000075, PBK, KPNA2  8.83e-03 2.60e-02 5.57e-03
READ MIMAT0000063, MAP7, SRPK1 6.14e-03 1.82e-02 -

COAD, colon adenocarcinoma; READ, rectal adenocarcinoma; PBK, PDZ binding kinase; KPNA2, karyopherin subuunit α2; MAP7, micro-
tubule associated protein 7; SRPK1, SRSF protein kinase 1.

Table V. Log‑rank P‑values of stratification analyses of all 
patients with age, chemotherapy and stage information using 
the colorectal cancer module signatures.

Parameter  COAD READ

Age (years)
  ≤65 2.16e‑04 6.14e‑02
 >65 2.95e-05 1.54e-04
Chemotherapy
 Yes 2.81e-06 8.68e-03
 No 1.76e-04 2.67e-03
Stage
 I 2.78e-02 -
 II 2.51e-05 -
 I&II - 9.10e-03
 III 1.61e-05 -
 IV 8.83e-08 -
 III&IV - 1.02e-03

COAD, colon adenocarcinoma; READ, rectal adenocarcinoma.
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was significantly correlated with the overall survival rates of 
patients with CRC, independent of clinical factors, and the 
prognostic efficacy was robust. The results also showed that 
the P-values were lower in patients without chemotherapy, 
of older age and with advanced-stage disease (Table V). The 

results of the stratification analyses of all patients with age, 
chemotherapy and stage information using the module signa-
ture in COAD are also shown in Fig. 6A-C.

The locations of the genes on the human chromosomes 
and the interactions between genes in prognostic modules 

Figure 6. Stratification analyses of all patients with available clinical information. (A) Kaplan‑Meier survival curves for all patients with age information. 
(B) Kaplan-Meier survival curves for all patients with chemotherapy information. (C) Kaplan-Meier survival curves for all patients with tumor stage informa-
tion. P-values were calculated using the log-rank test.

Figure 7. Layouts of chromosomal location of ceRNAs and miRNA regulators in modules. (A) Chromosome locations of genes in COAD module. (B) 
Chromosome locations of genes in READ module. The red line represents lncRNA-mRNA, the yellow line indicates mRNA-mRNA, and the green line and 
the blue line indicate miRNA-mRNA, miRNA-lncRNA, respectively. COAD, colon adenocarcinoma; READ, rectal adenocarcinoma; miRNA, microRNA; 
lncRNA, long non-coding RNA.



INTERNATIONAL JOURNAL OF ONCOLOGY  53:  1083-1093,  2018 1091

were visualized using the Rcircos 1.2.0 (16). It was found that 
has-miR-17-5p, has-miR-20a-5p, has-miR-195-5p, large tumor 
suppressor kinase 2 (LATS2) and karyopherin subuunit α2 
(KPNA2) in the prognostic modules were CRC biomarkers, 
well confirmed by experiments (24-32). Previous studies 
have found that lncRNA small nucleolar RNA host gene 16 
(SNHG16) is an important regulatory gene in CRC, and 
this was also present in the modules in the present study. It 
was not possible to further validate this in the GEO due to 
the absence of the lncRNA expression profile, however, its 
prognostic efficacy was verified in the TCGA datasets. The 
results revealed that SNHG16 may be a potential prognostic 
biomarker. Furthermore, these six RNAs are located on 
chromosome 13 or 17, and all three miRNAs belong to the 
precursor miR-17 family. The other RNAs in the modules, 
particularly has-miR-19b-3p on chromosome 13, and has-
miR-93-5p and has-miR-106b-5p, belong to the precursor 
miR-17 family and are likely to be novel potential CRC 
biomarkers. These findings require further investigation and 
experimental confirmation.

Discussion

CRC is the second most frequently diagnosed type of 
cancer in Europe, representing 13.2 and 12.7% of all cancer 
cases in men and women, respectively (33), and it is the 
fourth common cancer in China (34). Studies have shown 
that autophagy is closely associated with the biological 
processes of cancer, including CRC (35-39). Therefore, the 
development of autophagy-related biomarkers is necessary. 
In addition, miRNA-mediated ceRNA-ceRNA interaction 
networks provide a rapid and efficient method of investi-
gating the underlying mechanisms of action of lncRNAs in 
cancer (40). Differing from previous network analyses of genes, 
the present study identified network‑based survival‑associated 
modules in CRC and further validated their prognostic abili-
ties in independent internal and external datasets based on 
autophagy-mediated ceRNA-ceRNA interaction networks. In 
order to verify the ability of the prognostic modules in guiding 
the treatment of CRC, the overall survival analysis of the 
modules were performed in terms of age, stage, and presence 
of chemotherapy.

Considering the crucial role of cellular autophagy in the 
mechanism of cancer, the present study constructed autophagy-
mediated ceRNA-ceRNA interaction networks of CRC. The 
prognostic triplets were identified, and the multivariate Cox 
proportional hazards model was then used to examine the 
association between the expression level of prognostic trip-
lets and survival rate. The patients with CRC were divided 
into high‑ and low‑risk groups, and the clinically significant 
prognostic triplets were identified, which were considered as 
the candidate risk triplets. These triplets have the tendency 
of collective cooperation in the network, and the largest 
component of the preserved prognostic triplets was considered 
as a candidate module; 24-gene and 15-gene modules were 
identified for COAD and READ, respectively. The predictive 
ability of the modules was then further confirmed in internal 
and external independent datasets using the multivariate Cox 
proportional hazards regression model. Gene modules facili-
tate elucidation of the underlying cellular infrastructure and 

increase understanding of the pathogenesis of CRC at a more 
comprehensive level of transcriptome. Finally, overall survival 
analysis of the high- and low-risk groups was we performed 
in terms of age, stage, and chemotherapy, respectively, and it 
was found that the prognostic power of the two modules was 
robust.

Following the construction of the autophagy-mediated 
ceRNA-ceRNA interaction networks, prognostic triplets 
with significant differences in survival rate were identified, 
and the association among the triplets was considered, which 
found that the triplets tended to show collective cooperation. 
Furthermore, the prognostic modules were identified. Due 
to the lack of existing lncRNA expression data, the lncRNA 
expression matrix was obtained by recalculating the RPKM 
values in TCGA. Although the independent dataset of mRNA 
and miRNA for validation was found, the lncRNA expression 
profile was absent. Therefore, validation of the overall survival 
analysis in the independent dataset was only available for the 
triplets without lncRNAs. However, the final results showed 
that the prognostic ability of the selected modules was stable.

The lncRNA SNHG16, existing in the two prognostic-
related modules, has been shown to be carcinogenic and 
upregulated in CRC through dysregulation of the Wnt 
signaling pathway and affects genes involved in lipid 
metabolism  24). In addition, hsa-miR-17-5p (25), hsa-miR-
20a-5p (26), hsa-miR-195-5p (27), KPNA2 (30-32), and 
LATS2 (28,29) have been confirmed to be important in CRC. 
For example, hsa-miR-17-5p promotes chemotherapeutic drug 
resistance and tumor metastasis of CRC by repressing the 
expression of phosphatase and tensin homolog (25). Multiple 
miRNAs in CRC promote tumor growth and metastasis by 
targeting LATS2 (28,29). The results of Rcircos plots showed 
that the miRNAs and ceRNA tend to be involved in trans, as 
shown in Fig. 7A and B. In addition, it was found that certain 
genes in the prognostic modules may serve as novel potential 
biomarkers for the diagnosis and treatment of CRC, although 
the conclusion requires further investigation and experimental 
confirmation.

In conclusion, the present study integrated the confirmed 
human autophagy-related genes and the experimental 
interactions between miRNAs and lncRNAs/mRNAs, 
combined TCGA CRC gene expression data to construct 
autophagy-mediated ceRNA-ceRNA interaction networks. 
Two prognostic modules were identified and subsequent 
survival analysis showed that the modules were significantly 
associated with the overall survival rates of patients with CRC, 
and the prognostic abilities were further confirmed in internal 
and external independent datasets. The stable prognosis-
related modules in patients with CRC are important in clinical 
guidelines. The prognostic modules from the autophagy-
mediated ceRNA‑ceRNA interaction networks confirmed that 
autophagy is crucial in CRC, and that ceRNA is also important 
in understanding the clinical evaluation of CRC. The findings 
of the present study may improve current understanding of 
tumor development and provide more accurate information for 
the development of novel targeted therapies.
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