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Construction of a ceRNA network reveals potential
IncRNA biomarkers in rectal adenocarcinoma
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Abstract. Competing endogenous RNAs (ceRNAs) render
the functions of long non-coding RNAs (IncRNAs) more
complicated during cancer processes. Potential IncRNA
biomarkers and their roles as ceRNAs have not been clearly
described for rectal adenocarcinoma (READ). In the
present study, we extracted data from The Cancer Genome
Atlas (TCGA) including data from 167 tumor samples and
10 adjacent non-tumor samples. A total of 202 IncRNAs,
190 microRNAs (miRNAs) and 1,530 mRNAs were
identified as READ-specific RNAs [log,(fold-change)>2,
FDR<0.01]. The Gene Ontology (GO) biological processes
and the Kyoto Encyclopaedia of Genes and Genomes (KEGG)
pathways were analysed for 1,530 specific mRNAs. Among
202 READ-specific IncRNAs, 7 IncRNAs were identified as
being associated with overall survival of READ patients. Then,
a ceRNA network was constructed with 34 key IncRNAs,
25 miRNAs and 65 mRNAs. A total of 7 IncRNAs from the
network were revealed to be linked to clinical features. The
results of qRT-PCR ascertained that our analysis was credible.
Overall, this research provides a novel perspective from which
to study the IncRNA-related ceRNA network in READ and
assists in the identification of new potential biomarkers to be
used for diagnostic and prognostic purposes.

Introduction

Colorectal cancer (CRC) is a cancer type that has high incidence
and mortality worldwide. Rectal adenocarcinoma (READ)
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is a type of CRC (1). Many studies have focused on READ.
However, its mortality remains high due to a lack of efficient
biomarkers. Previous studies have demonstrated that various
types of RNAs play important roles in cancer development and
progression by acting in multiple ways (2,3). To further inves-
tigate the relationship among various types of RNAs and to
obtain more efficient biomarkers, we identified cancer-specific
RNAs and developed a competing endogenous RNA (ceRNA)
network based on three types of RNAs, including long
non-coding RNAs (IncRNAs), microRNAs (miRNAs) and
mRNAs, that are differentially expressed in READ.

Non-coding RNA (ncRNA) is a type of RNA molecule
that exists ubiquitously in organisms but lacks protein-coding
ability (4). IncRNAs, once viewed as transcriptional noise’,
are one subtype of ncRNA and are identified as ncRNAs with
>200 bp. Previous studies have revealed that IncRNAs play
key roles in cancer processes including proliferation, inva-
sion and metastasis (5,6). For instance, homeobox transcript
antisense intergenic RNA (HOTAIR) has been identified as
having higher expression levels in the plasma of CRC patients
than in the plasma of healthy controls, and its high expression
level predicts a poor prognosis (7).

IncRNAs function in multiple ways including interacting
with mRNAs and miRNAs. In 2011, Salmena et al (8)
reported the ceRNA hypothesis and demonstrated that
RNA transcripts communicate with each other by miRNA
response elements (MREs). mRNAs and IncRNAs use MREs
to compete for miRNA-binding sites, further affecting the
expression of miRNAs and the competition between mRNAs,
IncRNAs and pseudogene transcripts and playing a crucial
role in tumor processes (9,10).

Some studies regarding IncRNA profiles in CRC have been
performed, and the functions of some IncRNAs in CRC have
already been demonstrated (11-14), however studies with large
sample sizes and high throughput detection methods on specific
READ IncRNAs are still lacking. In addition, few studies have
focused on dysregulated IncRNAs that are associated with sex,
TNM, survival or other clinical features, and even fewer studies
have been designed to identify the potential ceRNA network
in READ. To provide answers to the questions mentioned, we
used bioinformatic tools and analysis data from The Cancer
Genome Atlas (TCGA), which is a public database with expres-
sion data of IncRNAs, miRNAs and mRNAs of READ. TCGA
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contains RNA sequencing data of a total of 167 READ tumor
tissues and 10 adjacent non-tumor tissue samples. To the best
of our knowledge, the present study is the first to identify
IncRNAs that can be potential biomarkers and to further iden-
tify the ceRNA network in READ. To ascertain the credibility
of our results, we randomly selected several IncRNAs from the
ceRNA network and confirmed their profiles by gqRT-PCR. The
relationship between the expression pattern and the clinical
features of seven IncRNAs were also confirmed by qRT-PCR.
This approach aided in revealing the functions of IncRNAs and
constructed a ceRNA network for READ.

Materials and methods

Data of patients and samples. RNA expression data with
clinical data such as pathological stage, sex, and TNM infor-
mation were all downloaded from TCGA database. We set
exclusion criteria as follows: i) histological diagnosis revealing
that the tissue was not READ; ii) suffering malignancies other
than READ; iii) samples without enough data for analysis;
and iv) patients who underwent preoperative radiotherapy and
chemotherapy. Ultimately, 167 tumor tissues and 10 adjacent
non-tumor tissues were used in the study. The number of
tumor tissues in tumor stages I, II, III, and IV were 30, 51,
51, and 24, respectively, based on the pathological stage. The
study followed the guidelines of TCGA, thus, the approval of
an ethics committee was not required.

The READ specimens and their paired adjacent non-tumor
tissues of 90 patients were selected from the First Affiliated
Hospital of Nanjing Medical University (Jiangsu, China)
for qRT-PCR analysis. Their ages ranged from 45-80 years,
and they were diagnosed as having rectal cancer based on
histopathology and clinical history. The tissues were stored
in RNAlater (Ambion; Thermo Fisher Scientific, Inc., Austin,
TX, USA) at -80°C until RNA extraction and further analyses
were performed. The clinical features of 60 patients were also
obtained.

RNA sequence data and further analysis. RNA expression
pattern data (level 3) from patients with READ was obtained
from TCGA database (September 2017), which provides
normalized data from RNA sequencing by the RNASeqV2
system, including IncRNAs and mRNA expression profiles. We
used an Illumina HiSeq 2000 miRNA sequencing (miRNAseq)
platform (Illumina, Inc., Hayward, CA, USA) to obtain STAD
level 3 miRNAseq data from TCGA. The downloaded data
included a number of individual data files, with each file repre-
senting one tissue sample. We then divided the tumor samples
into four groups (tumor stages I, II, III, IV) and analyzed the
differences in the expression levels between each tumor stage
(tumor stage I, I, III, IV) and adjacent non-tumor tissues, and
between all tumor tissues and all adjacent non-tumor tissues
using the Empirical Analysis of Digital Gene Expression
Data package in R (edgeR, R version 3.4.1) [absolute
log,(fold-change)>2.0, FDR<0.01]. Then, we chose an intersec-
tion of differentially expressed READ IncRNAs, mRNAs and
miRNAs for further analysis. The process is shown in Fig. 1.

Functional enrichment analysis. Database for Annotation,
Visualization, and Integrated Discovery (DAVID)
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Table I. Primer sequences used for gRT-PCR.

Primer Sequence

HULC F 5'-ATCTGCAAGCCAGGAAGAGTC-3'
R 5'-CTTGCTTGATGCTTTGGTCTGT-3'

CRNDE F5-TGGATGCTGTCAGCTAAGTTCAC-3'
R 5-TTCCAGTGGCATCCTCCTTATC-3'

PVTI1 F 5'-TGAGAACTGTCCTTACGTGACC-3'

R 5-AGAGCACCAAGACTGGCTCT-3'
F 5-TAAGACCCACGAACGACAGC-3'
R 5-CGTCATGCTTCGGCTTTCAG-3'
F 5-ACAGTCAGCCGCATCTTCTT-3'
R 5'-GACAAGCTTCCCGTTCTCAG-3'

ADAMTS9-AS2

GAPDH

bioinformatics resources (https://david.ncifcrf.gov/) was used
for the functional enrichment analysis, and we only researched
the Gene Ontology (GO) biological processes and the Kyoto
Encyclopaedia of Genes and Genomes (KEGG) pathways. The
criteria were set as P<0.05 and an enrichment score >1.5.

Construction of a ceRNA network. According to the theory
that IncRNAs can affect miRNAs and can act as miRNA
sponges to further regulate mRNAs, we constructed a ceRNA
network. The miRcode (http://www.mircode.org/) was used
to predict the IncRNA/miRNA interactions based on specific
READ miRNAs. We predicted miRNA-targeted mRNA
by using TargetScan (http:/www.targetscan.org/), miRDB
(http://www.mirdb.org/) and miRanda (http://www.microrna.
org/microrna/home.do). We retained the intersection with the
differentially expressed IncRNAs and mRNAs. Cytoscape v3.0
was used to construct the IncRNA/miRNA/mRNA ceRNA
network. The flowchart of the ceRNA network is presented
in Fig. 2.

Clinical feature analysis of key IncRNAs. We extracted clinical
information from TCGA database. Based on the established
ceRNA network in this study, we selected IncRNAs from the
network for further clinical analysis, and clinical features
such as sex, age, tumor staging, TNM staging and lymphatic
metastasis were chosen to analyze the correlation between
these features and key IncRNAs. We also investigated the
association between specific READ IncRNAs and the overall
survival time of patients.

RNA extraction and gRT-PCR validation. We extracted
RNA from tissue samples using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). Complementary DNA (cDNA) was
synthesized using the PrimeScript RT kit (Takara, Dalian,
China). qRT-qPCR was performed with a SYBR-Green
PCR kit (Roche Diagnostics, Indianapolis, IN, USA) via a
StepOnePlus Real-Time PCR system (Applied Biosystems,
Foster City, CA, USA). The sequences of the primers used for
the PCR are presented in Table I. The PCR cycling conditions
were as follows: 95°C for 30 sec, 40 cycles of 95°C for 5 sec,
60°C for 30 sec, dissociation at 95°C for 15 sec, 60°C for 1 min
and 95°C for 15 sec. The results were analysed using the 244
method. The qRT-PCR reactions were all repeated three times.
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Figure 1. Flowchart of bioinformatics analysis. READ, rectal adenocarcinoma; IncRNAs, long non-coding RNAs; miRNAs, microRNAs; GO, Gene Ontology;
KEGG, Kyoto Encyclopaedia of Genes and Genomes; ceRNAs, competing endogenous RNAs.
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Figure 2. Flowchart of the construction of a ceRNA network. READ, rectal adenocarcinoma; IncRNAs, long non-coding RNAs; miRNAs, microRNAs;
ceRNAs, competing endogenous RNA.
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Table II. Key IncRNAs involved in the ceRNA network.

ZHANG et al: ceRNA NETWORK AND IncRNA BIOMARKERS IN READ

IncRNAs Log,(fold-change) -Log(FDR) IncRNAs Log,(fold-change) -Log(FDR)
HULC 8.48 2.92 LINC00092 -2.59 17.31
ERVMERG61-1 641 2.17 LINC00402 -2.85 9.49
LINC00460 6.02 7.76 LIFR-AS1 -2.88 16.09
CLDN10-AS1 5.37 435 LINCO00163 -2.93 10.21
POUGF2-AS1 5.20 2.65 GDNF-AS1 -2.96 16.35
UCALl 4.84 5.31 SFTAI1P -3.09 13.19
CRNDE 391 10.16 HCG23 -3.14 17.60
DLX6-AS1 3.83 3.26 CHL1-AS2 -3.24 16.69
GAS6-AS1 3.33 5.68 RBMS3-AS3 -3.34 2542
MIR17HG 2.85 8.11 LINCO00473 -3.48 17.51
PVTI 2.76 17.27 JAZF1-AS1 -3.60 2595
PRSS30P 2.70 3.94 ADAMTS9-AS2 -3.80 35.18
PCAT1 2.13 421 LINCO00461 -3.88 25.86
SOX2-0T -2.16 9.37 C200rf166-AS1 -4.30 35.28
GRIK1-AS1 -2.30 10.22 LINCO00507 -4.33 17.01
LINC00484 243 17.18 FRMD6-AS2 -4.61 23.38
LINC00472 -2.47 14.45 ADAMTS9-AS1 -5.09 40.40

FDR using Benjamini and Hochberg (1995) method. IncRNA, long non-coding RNA; ceRNA, competing endogenous RNA; FDR, false

discovery rate.
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Figure 3. Venn diagram analysis of differentially expressed (A) IncRNAs, (B) miRNAs and (C) mRNAs between T/N stages I, II, III and IV. IncRNAs, long
non-coding RNAs; miRNAs, microRNAs; T, tumor tissues; N, adjacent non-tumor tissues.

Statistical analysis. Statistical analysis was performed using
R Studio (R version 3.4.1), Statistical Programme for Social
Sciences 20.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad
Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA,
USA). The IncRNA data set and the overall survival infor-
mation were profiled using the univariate Cox proportional
hazards regression model. The results were presented as
Kaplan-Meier survival curves and multivariate Cox regression
analysis was applied for further study. Paired t-tests were used
to compare the differences in the qRT-PCR results. P<0.05
was considered to indicate a statistically significant difference.

Results

Specific READ IncRNAs in patients. In total, 272 IncRNAs
were identified that were differentially expressed between
READ tissues and adjacent non-tumor tissues from TCGA
database [absolute log,(fold-change)>2, FDR<0.01], of which
143 IncRNAs were upregulated, and 129 IncRNAs were
downregulated. Further analysis of the differences between
tumor tissues and adjacent non-tumor tissues in patients with
stage I, I, III and IV cancer was performed. Then, 337, 323,
307 and 330 differentially expressed IncRNAs were identified
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Figure 4. Top 15 GO terms for intersection mRNAs [-LogP represents -Log(p-value)]. GO, Gene Ontology.
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Figure 5. Top 15 KEGG terms for intersection mRNAs [-LogP represents -Log(p-value)]. KEGG, Kyoto Encyclopaedia of Genes and Genomes.

between adjacent non-tumor tissues and READ stage I,
II, III and IV tumor tissues, respectively. To enhance the
credibility of the data, we used 202 differentially expressed
IncRNAs from the intersection of the aforementioned five
groups for further analysis (Fig. 3A). These 202 IncRNAs
were named READ-specific IncRNAs. Finally, 34 IncRNAs
were used to construct the IncRNA/miRNA/mRNA ceRNA
network (Table II).

GO enrichment and KEGG pathway analyses of differen-
tially expressed genes. For further study of the functions of
the differentially expressed genes, we selected intersecting
mRNAs across all READ stages from the differentially
expressed mRNAs for analysis. We first identified 2,000
differentially expressed mRNAs between the tumor tissues of
READ patients and the adjacent non-tumor tissues [absolute

log,(fold-change)>2, FDR<0.01]. We also identified 2,363;
2,124; 2,113; and 2,189 differentially expressed mRNAs
between adjacent non-tumor tissues and READ tumor tissues
(stage I, II, IIT and IV, respectively). Then, we chose the
mRNAs that were differentially expressed in all five compar-
ison groups, finally obtaining 1,530 differentially expressed
mRNAs that were used for further analysis (Fig. 3C). These
mRNAs were identified as READ-specific mRNAs.

The 1,530 differentially expressed mRNAs were
analyzed with DAVID bioinformatics resources. We chose
to show the top 15 GO biological processes and 15 KEGG
pathways of the differentially expressed genes based on
the P-values (Figs. 4 and 5). Among these pathways, the
PI3K-Akt, Wnt, AMPK, and cGMP-PKG signaling pathways
and the cell adhesion molecules (CAMs) were confirmed as
CRC-associated pathways.
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Table III. miRNAs that may target READ IncRNAs.

miRNAs IncRNAs

hsa-mir-107 C200rf166-AS1, UCA1, DLX6-AS1, LINC00472, LINC00460, LINC00163, LINC00402, LINC00484,
ADAMTS9-AS2, LINC00461, LINC00507, FRMD6-AS2

hsa-mir-141 DLX6-AS1, LINC00472, LINC00402, LINC00484, ADAMTS9-AS2, SOX2-OT, LINC00461

hsa-mir-143 PRSS30P,UCA1,CLDN10-AS1,SFTA1P,LINC00472,LINC00460,JAZF1-AS1,LINC00163,LINC00402,
LINC00484, ADAMTS9-AS2, SOX2-OT, LINC00461, CRNDE, GDNF-AS1, PVT1, FRMD6-AS2

hsa-mir-144 POUGF2-AS1, DLX6-AS1, ADAMTS9-AS1, ADAMTS9-AS2, LIFR-AS1, LINC00461, CRNDE

hsa-mir-150 PRSS30P,C200rf166-AS1,CLDN10-AS1,LINC00473,LINC00092,DLX6-AS1,LINC00460,JAZF1-AS1,
LINC00402, ADAMTS9-AS1, ADAMTS9-AS2, LIFR-AS1, LINC00461, PVT1, HULC

hsa-mir-152 DLX6-AS1, LINC00484, ADAMTS9-AS2, PVTI1

hsa-mir-155 DLX6-AS1, LINC00472, LINC00402, ADAMTS9-AS1, ADAMTS9-AS2, LIFR-AS1, CRNDE, HULC

hsa-mir-17 C200rf166-AS1, HCG23, DLX6-AS1,JAZF1-AS1, LINC00402, PVT1, PCAT1

hsa-mir-182 UCA1,SFTA1P,ERVMERG61-1,GAS6-AS1,LINC00402,RBMS3-AS3,ADAMTS9-AS1,ADAMTS9-AS2,
SOX2-OT, LIFR-AS1, PCAT1, FRMD6-AS2

hsa-mir-183 C200rf166-AS1, CHL1-AS2, LINC00163, ADAMTS9-AS2, CRNDE, PVT1, LINC00507

hsa-mir-192 POUG6F2-AS1,HCG23, DLX6-AS1, SOX2-OT, LIFR-AS1, LINC00461, PCAT1

hsa-mir-200a DLX6-AS1, LINC00472, LINC00402, LINC00484, ADAMTS9-AS2, SOX2-OT, LINC00461

hsa-mir-21 PRSS30P, ERVMERG61-1, JAZF1-AS1,ADAMTS9-AS1, SOX2-OT, PVTI

hsa-mir-215 POU6F2-AS1,HCG23, DLX6-AS1, SOX2-OT, LIFR-AS1, LINC00461, PCAT1

hsa-mir-217 LINC00402, LINC00484, CRNDE, PVT1

hsa-mir-22 C200rf166-AS1, DLX6-AS1, LINC00472, JAZF1-AS1, LINC00402, LINC00484, ADAMTS9-AS2,
LIFR-AS1, LINC00461, CRNDE, PCAT1, FRMD6-AS2

hsa-mir-223 DLX6-AS1, GAS6-AS1, LINC00484, ADAMTS9-AS2, CRNDE

hsa-mir-32 CLDNI10-AS1, POU6F2-AS1, GAS6-AS1,JAZF1-AS1, LINC00484, ADAMTS9-AS2, LIFR-ASI1,
LINC00461, CRNDE, PCAT1

hsa-mir-375 C200rf166-AS1, GRIK1-AS1,ADAMTS9-AS2, SOX2-OT, LIFR-AS1,PCAT1, LINC00507, FRMDG6-AS2

hsa-mir-424 PRSS30P, LINC00473, LINC00092, SFTA1P, DLX6-AS1, LINC00472, LINC00484, LINC00461,
GDNF-AS1,PVT1,PCATI

hsa-mir-425 C200rf166-AS1, MIR17HG, LINC00472, LINC00460, LINC00461

hsa-mir-429 C200rf166-AS1, DLX6-AS1, LINC00460, LINC00402, SOX2-OT

hsa-mir-454 C200rf166-AS1, ADAMTS9-AS1, ADAMTS9-AS2, SOX2-OT

hsa-mir-96 UCA1, ERVMERG61-1, GAS6-AS1,RBMS3-AS3, ADAMTS9-AS1, ADAMTS9-AS2, SOX2-OT,
LIFR-AS1, LINC00461, FRMD6-AS2

hsa-mir-98 JAZF1-AS1, LINC00484, ADAMTS9-AS2

miRNAs, microRNAs; READ, rectal adenocarcinoma; IncRNAs, long non-coding RNAs.

Prediction of miRNA targets and construction of a ceRNA
network. The 31 miRNAs that were differentially expressed
between READ tumor tissues and adjacent non-tumor tissues
were identified. For further investigation, we then divided
the tumor tissues into four groups (stages I, II, III and IV)
according to the pathological stage, and then compared each
group with adjacent non-tumor tissues in turn. Subsequently,
we obtained 190 specific miRNAs by selecting the intersec-
tion of miRNAs differentially expressed across the five
comparison groups (Fig. 3B). These miRNAs were identified
as READ-specific miRNAs. In the next step, we investigated
the interactions between these intersecting miRNAs and the

READ-specific IncRNAs based on miRcode (http:/www.
mircode.org/), and 25 key miRNAs were predicted to target
34 key IncRNAs (Table III).

The 25 key miRNAs mentioned in Table III were then
used to predict key mRNAs using Targetscan (http:/www.
targetscan.org/), miRDB (http:/www.mirdb.org/) and miRanda
(http://www.microrna.org/microrna/home.do). We then
compared the predicted mRNAs with the 1,530 READ-specific
mRNAs and chose mRNAs that were found in both
groups. Finally, 65 mRNAs were found to interact with
25 miRNAs (Table IV). Among these mRNAs, some have been
verified to be transcribed from cancer-related genes.



ONCOLOGY REPORTS 39: 2101-2113, 2018 2107

Table IV. miRNAs that may target READ mRNAs.

miRNAs mRNAs

hsa-mir-107 SALL4,AXIN2, FGF2, FGFRL1

hsa-mir-141 MACCI1,ZEB1, EPHA7,KIAA1549, ELAVL4

hsa-mir-143 COLI1A1

hsa-mir-144 FGF2, GRIK3, NR3C1, KCNQ5

hsa-mir-150 HILPDA,ZEB1

hsa-mir-152 BMP3, NPTX1

hsa-mir-155 MEIS1, CD36, GPM6B, NOVA1, PCDH9

hsa-mir-17 FAM46C, CLIP4, CFL2, FAXC, NPAS3, FOXQ1, SLC16A9, FIX1, FAM129A, CADM2
hsa-mir-182 NR3C1,NPTX1,ULBP2, CHL1, TCEAL7

hsa-mir-183 ZEB1,NR3C1,AKAPI12

hsa-mir-192 GRHLI1, TCF7

hsa-mir-200a EPHA7,ZEB1, MACCI1, KIAA1549

hsa-mir-21 ATP2B4, PRICKLE2, CALDI, EDIL3, EPM2A, OSR1, TGFBI
hsa-mir-215 TCF7

hsa-mir-217 DACHI1

hsa-mir-22 NR3C1,RGS2

hsa-mir-223 EPB41L3

hsa-mir-32 ATP2B4, UGP2,

hsa-mir-375 ELAVL4

hsa-mir-424 AMOTLI1, TPM2, CBX2, TMEM100, AXIN2, PSAT1, FGF2
hsa-mir-425 THRB

hsa-mir-429 ZEB1

hsa-mir-454 SPG20, CFL2, RBM20

hsa-mir-96 JAZF1,TRIB3,ZEB1

hsa-mir-98 PRSS22,IGF2BP1, HANDI, SLC5A6, IGF2BP3, TRIM71, CPA4

miRNAs, microRNAs; READ, rectal adenocarcinoma.
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Figure 6. The IncRNA/miRNA/mRNA ceRNA network. Red balls, upregulated mRNAs; blue balls, downregulated mRNAs; red squares, upregulated
miRNAs; blue squares, downregulated miRNAs; red diamonds, upregulated IncRNAs; blue diamonds, downregulated IncRNAs. IncRNAs, long non-coding
RNAs; miRNAs, microRNAs; ceRNA, competing endogenous RNA.
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Table V. The correlation between COAD key IncRNAs involved in the ceRNA network and their clinical features.

Comparisons Upregulated Downregulated
Age (<50 vs. >50 years) UCA1,HULC
Sex (female vs. male) CHL1-AS2, LINC00484 HULC
Lymphatic metastasis (no vs. yes) UCA1
Tumor stage (stage I, II vs. stage III, IV) CLDN10-AS1 DLX6-AS1

TNM staging system (T1+T2 vs. T3+T4)

LINC00484, ADAMTS9-AS1

COAD, colon adenocarcinoma; IncRNAs, long non-coding RNAs; ceRNA, competing endogenous RNA.
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Figure 7. Kaplan-Meier survival curves for 7 IncRNAs associated with overall survival. Horizontal axis, overall survival time (years); vertical axis, survival

function. IncRNAs, long non-coding RNAs.

According to information provided in Tables III and IV, we
constructed a miRNA/IncRNA/mRNA ceRNA network using
Cytoscape 3.0. In conclusion, 25 miRNAs, 65 mRNAs and
34 IncRNAs were involved in the network (Fig. 6). We called
IncRNAs involved in the ceRNA network key IncRNAs.

Clinical feature analysis of key READ-specific IncRNAs.
To further study the IncRNAs, the correlation between the
IncRNAs involved in the ceRNA network and clinical features
including sex, age, tumor stage, TNM stage and lymphatic
metastasis status in TCGA database were analysed. We iden-
tified 7 IncRNAs associated with clinical features (P<0.05).
The results revealed that UCA1 and HULC were age-related,
CHLI1-AS2, LINC00484 and HULC were sex-related,
LINC00484 and ADAMTS9-AS1 were associated with TNM
stage, CLDN10-AS1 was associated with tumor stage, and
UCA1 was associated with lymphatic metastasis (Table V).

We also analyzed the association of the overall survival
of patients with the 202 specific IncRNAs based on the
clinical data of 177 samples from TCGA database. To carry
out this research, we used a univariate Cox proportional
hazards regression model and finally found 7 IncRNAs that
were significantly associated with the overall survival of
READ patients (log-rank P<0.05). As described in Fig. 7,
LINCOI1215, LINCO01602, LINCO02163 and PRSS30P
were positively correlated with overall survival (P<0.05).
MIR497HG, PGM5P4-AS1 and PTENPI-AS were negatively
correlated with overall survival (P<0.05). Based on the results
of the univariate Cox regression analysis, 7 IncRNAs were
associated with overall survival. We performed a multivariate
Cox regression analysis with these 7 IncRNAs. LINC01602,
LINCO02163 and MIR497HG were found to be indepen-
dent influencing factors of survival time, LINC01602 and
MIR497HG were negatively related to overall survival, and
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Table VI. Results of multivariate cox regression analysis.

IncRNAs § OR (95CI) P-value
LINCO1215 -0016  0.984 (0.951-1.019) 0.368
LINCO01602 0.004  1.004 (1.001-1.007) 0.011
LINC02163 -0.042  0.959 (0.929-0.991) 0011
PRSS30P -0.005  0.995 (0.989-1.002) 0.144
MIR497HG 0.046  1.048 (1.006-1.090) 0.023
PGM5P4-AS1  -0.036  0.965 (0.837-1.112) 0.621
PTENPI1-AS 0.320  1.377 (0.968-1.960) 0.075

IncRNAs, long non-coding RNAs.

LINCO02163 was positively related to overall survival. We
present these results in Table VI.

qRT-PCR validation. To check the credibility of the bioinfor-
matics results, we randomly selected 4 key IncRNAs (HULC,
CRNDE, PVTI1 and ADAMTS9-AS2) from the network.
Paired t-tests were applied to analyse the differences in
expression of the selected IncRNAs between READ tumor
tissues and the adjacent non-tumor tissues. HULC, CRNDE
and PVTI expression levels were increased, and the expres-
sion level of ADAMTS9-AS2 was decreased in READ tumor
tissues compared to adjacent non-tumor tissues. The qRT-PCR
results from 30 READ patients were consistent with the
bioinformatics results (Fig. 8). We also confirmed the corre-
lation between the expression pattern and clinical features
of 7 IncRNAs. Sixty patients were divided into two groups

according to the expression level of the IncRNA concerned.
Patients with higher and lower than the median expression
of the IncRNA concerned were allocated into high and low
expression groups, respectively. The results are displayed
in Table VII. Thus, our bioinformatics analysis was reliable.

Discussion

CRC is one of the most common cancers around the world,
and its incidence and mortality remain high. READ is a type
of CRC and has a higher incidence than the other types of
colon adenocarcinoma (COAD) (15). Although great progress
in the treatment, prognosis and diagnosis of READ has been
achieved through studies, its mortality still remains high,
which may be due to the lack of efficient biomarkers and the
unclear mechanisms underlying READ.

Recent studies have demonstrated that IncRNAs play
vital roles during tumor progression, and some of them may
be biomarkers for better prognosis and diagnosis (16-18).
IncRNAs function in many ways. The ceRNA hypothesis
postulates that IncRNAs may compete with mRNAs for the
binding sites of miRNAs and may further affect mRNA
expression through MREs (8). The hypothesis makes the rela-
tionship of miRNAs, mRNAs and IncRNAs more complicated
and better explains the interaction among a variety of types of
RNAs at the genetic level.

There are many studies on IncRNAs in CRC (19,20), but
few of them have focused on READ. Additionally, the sample
sizes of previous studies were not large enough, and almost
none of the studies focused on the potential ceRNA network. In
the present study, we aimed to research the IncRNAs that may
have the ability to be better biomarkers and further explored
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Table VII. Expression of IncRNAs related to clinical features according to the clinicopathological characteristics of patients.

UCAL1 expression HULC expression
Characteristics No High group Low group P-value High group Low group P-value
Age (years)
<50 18 5 13 0.024 5 13 0.024
>50 42 25 17 25 17
Sex
Female 32 17 15 0.605 12 20 0.038
Male 28 13 15 18 10
Lymphatic metastasis
No 36 14 22 0.035 15 21 0.113
Yes 24 16 8 15 9
Tumor stage
Stage I, I1 33 12 21 0.020 15 18 0.436
Stage 111, IV 27 18 9 15 12
TNM staging system
T1+T2 32 17 15 0.605 14 18 0.301
T3+T4 28 13 15 16 12
CHL1-AS2 expression LINC00484 expression
Characteristics No High group Low group P-value High group Low group P-value
Age (years)
<50 18 8 10 0.573 9 9 1.000
>50 42 22 20 21 21
Sex
Female 32 20 12 0.038 21 11 0.009
Male 28 10 18 9 19
Lymphatic metastasis
No 36 17 19 0.598 19 17 0.598
Yes 24 13 11 11 13
Tumor stage
Stage I, I1 33 16 17 0.796 18 15 0.436
Stage III, IV 27 14 13 12 15
TNM staging system
T1+T2 32 13 19 0.120 20 12 0.038
T3+T4 28 17 11 10 18
CLDN10-AS1 expression DLX6-AS1 expression
Characteristics No High group Low group P-value High group Low group P-value
Age (years)
<50 18 8 10 0.573 7 11 0.260
>50 42 22 20 23 19
Sex
Female 32 16 16 1.000 15 17 0.605
Male 28 14 14 15 13
Lymphatic metastasis
No 36 21 15 0.113 20 16 0.292
Yes 24 9 15 10 14
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Table VII. Continued.
Tumor stage
Stage I, I1 33 21 12 0.020 11 22 0.004
Stage III, IV 27 9 18 19 8
TNM staging system
T1+T2 32 18 14 0.301 15 17 0.605
T3+T4 28 12 16 15 13
ADAMTS9-AS1 expression
Characteristics No. High group Low group P-value
Age (years)
<50 18 6 12 0.091
>50 42 24 18
Sex
Female 32 17 15 0.605
Male 28 13 15
Lymphatic metastasis
No 36 20 16 0.291
Yes 24 10 14
Tumor stage
Stage I, I1 33 18 15 0.436
Stage III, IV 27 12 15
TNM staging system
T1+T2 32 21 11 0.010
T3+T4 28 9 19

IncRNAs, long non-coding RNAs.

the interaction among IncRNAs, miRNAs and mRNAs by
constructing a ceRNA network in READ.

In this study, we identified READ-specific IncRNAs,
mRNAs and miRNAs based on the intersecting differential
expression between tumor tissues from all four stages and
adjacent non-tumor tissues. We further analyzed the functions
and pathways involving the differentially expressed genes by
GO and KEGG. Then, with the use of bioinformatics tools, we
constructed a ceRNA network with READ-specific mRNAs,
miRNAs and IncRNAs. We further analyzed the IncRNAs
involved in the ceRNA network, examining their correlations
with clinical features, and we identified specific IncRNAs that
were correlated with overall survival. We finally confirmed our
findings in the tissues of 30 READ patients using qRT-PCR.

Some IncRNAs from the READ-specific IncRNAs have
been reported as playing vital roles in cancers. CCAT1 has
been reported to promote gallbladder cancer development (21),
and CCAT?2 has been identified to play a significant role in the
progression of colon cancer (22). This also supported the reli-
ability of our analysis. Through univariate and multivariate Cox
regression analyses, 3 IncRNAs (LINC01602, LINC02163 and
MIR497HG) from the READ-specific IncRNAs were identi-
fied as being associated with overall survival. LINC01602 and
MIR497HG were negatively related to overall survival, and

LINCO02163 was positively related to overall survival. These
3 IncRNAs were not involved in the ceRNA network but may
still play vital roles in READ and be potential indicators of the
prognosis of READ since they were related to overall survival.

Using GO and KEGG, we analysed the functions and
pathways of READ-specific mRNAs. The GO results revealed
that the functions enriched, involved aspects of immune func-
tion, metabolism and cellular functions. Among the results of
the KEGG pathway analysis, several were confirmed to be
cancer-associated. PI3K/AKT signaling plays crucial roles
in reducing apoptosis, stimulating cell growth and increasing
proliferation, as reported in previous studies (23). It has also
been reported that many IncRNAs including PIncRNA-1
and AB073614 affect CRC through the PI3K/AKT signaling
pathway (24,25). Studies have demonstrated that AMPK can
also be activated by some IncRNAs. Li ef al revealed that liver
kinase Bl (LKBI1) phosphorylates and promotes AMPK and
then reduces cancer cell proliferation and metabolism (26).
Available data indicate that Wnt signaling substantially impacts
non-small cell lung cancer (NSCLC) tumorigenesis, prognosis,
and resistance to therapy (27). Previous studies have reported
that cell adhesion molecules (CAMs) play a significant role in
the progression of metastasis (28). Li et al found that by acti-
vating the cGMP/PKG pathway, Wnt/p-catenin signaling can
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be suppressed (29). Some other cancer-associated pathways
such as those known to be involved in CRC were also revealed
by our results, further demonstrating the reliability of the
results. These pathways and functions may also be related to
READ-specific IncRNAs due to different interactions between
IncRNAs and mRNAs in READ.

With the ceRNA network in READ, we can further
research the underlying mechanism of the intersections
among IncRNAs, mRNAs and miRNAs in READ. Several
interactions between RNAs in our network have been previ-
ously confirmed. UCA1 interacts with miR-182 to modulate
glioma proliferation (30), and UCAI regulates miR-143 to
promote the invasion and EMT of bladder cancer (31). These
previous studies strongly demonstrate that our analysis was
reliable. In addition, the network can aid in understanding
the interactions of miRNAs, IncRNAs and mRNAs in READ
from various perspectives. Some IncRNAs that exist in the
ceRNA network were previously reported to be READ-related
IncRNAs. For example, Yang et al discovered that HULC
promotes colorectal carcinoma progression by epigenetically
repressing NKD2 expression (32). Han et al demonstrated that
the IncRNA CRNDE can regulate the progression and chemo-
resistance of CRC via modulation of the expression levels of
miR-181a-5p and Wnt/B-catenin signaling activity (33). High
expression levels of PCAT-1 were involved in CRC progression
and it can be a novel biomarker of poor prognosis in patients
with CRC (34). PVT1 may be a new oncogene co-amplified
with c-Myc in CRC tissues and extracellular vesicles and
functionally correlated with the proliferation and apoptosis
of CRC cells (35). Most IncRNAs that interacted with
other RNAs may play significant roles in READ processes
Through further investigation of the IncRNAs involved in the
network, 7 IncRNAs were identified as being associated with
clinical features. Among these 7 IncRNAs, UCA1, HULC
and LINCO00484 appeared often, and these 3 IncRNAs may
be the most clinically relevant IncRNAs, potentially acting
as biomarkers. Further study still needs to be performed to
understand their correlation with clinical features and their
potential as efficient biomarkers.

To verify our bioinformatic analysis, we randomly selected
4 IncRNAs from the network to assess their expression levels
in 30 paired READ tumor tissues and adjacent non-tumor
tissues. We also confirmed the correlation between the expres-
sion pattern and the clinical features of 7 IncRNAs using
qRT-PCR. The results revealed that our analysis was credible.

Our analysis has great meaning in the study of a ceRNA
network in READ and some results were confirmed by
qRT-PCR. However, there were still several limitations in
our study. Firstly, the sample number of normal tissues was
not very large although previous studies with a small sample
size also exist (36). Secondly the follow-up information of
our patients was not enough to study the overall survival,
most follow-up information after surgery was ~2-3 years. In
the future, we will validate our analysis results as soon as we
obtain enough follow-up information. Thirdly, further research
is also warranted on the functions of key IncRNAs in vivo and
in vitro.

In conclusion, our study revealed READ-specific IncRNAs
using bioinformatics analysis and studied their associations
with clinical features based on data from TCGA database.

ZHANG et al: ceRNA NETWORK AND IncRNA BIOMARKERS IN READ

To the best of our knowledge, studies about IncRNA profiles
with such a large sample size are rare. Some key IncRNAs
may become efficient biomarkers for READ diagnosis and
prognosis. In addition, we constructed a ceRNA network
with READ-specific IncRNAs, miRNAs and mRNAs, and it
revealed the relationship among these three types of RNAs
and aided in elucidating the mechanisms underlying READ
on the genetic level.
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