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Abstract. Abundant evidence indicates that long noncoding 
RNAs (lncRNAs) and circular RNAs (circRNAs) serve impor-
tant roles in tumorigenesis and tumour progression. However, 
their diagnostic and treatment value for esophageal squamous 
carcinoma (ESCC) remains unknown. A microarray (SBC 
human ceRNA array V1.0) was performed to assess the 
expression profiles and biological functions of lncRNAs, 
circRNAs and mRNAs in ESCC and para-cancerous tissues 
from three patients. Microarray data were validated by 
reverse transcription-quantitative polymerase chain reac-
tion for a group of genes. A number of lncRNA-microRNAs 
(miRNA) and circRNA-miRNA-mRNA networks were 
constructed. Bioinformatics tools, including gene ontology 
and Kyoto Encyclopedia of Genes and Genomes biological 
pathway analyses, were used to predict the functions of 
differentially expressed lncRNAs, circRNAs and poten-
tially co-expressed target genes. The results revealed that 
compared with the expression levels of para-cancerous tissues, 

1,384 lncRNAs, 2,046 circRNAs and 936 mRNAs were 
frequently altered in ESCC tissues. Co-expression networks 
of lncRNAs-miRNAs-circRNAs-mRNAs were constructed 
based on the correlation analyses among the differentially 
expressed RNAs. Furthermore, using bioinformatics methods, 
correlation expression networks were constructed that 
included cis- and trans-regulatory elements. Therefore, these 
results suggest that lncRNAs and circRNAs may be involved 
in the pathogenesis and development of ESCC. These findings 
provide a novel and systematic perspective on the potential 
function of noncoding RNAs in ESCC.

Introduction

Esophageal carcinomas (ECs) are classified as either squa-
mous cell carcinomas or adenocarcinomas. Esophageal 
squamous cell carcinomas (ESCCs) comprise over 90% 
of ECs (1). ESCC is one of the most common malignancies 
and has a poor outcome in China; there were an estimated 
298,500 deaths in 2012. Furthermore, among the patients 
aged 0-74 years, the mortality rate was 9.65%. In males, the 
mortality rate was 10.80%, while in female the mortality rate 
was 7.68% (2). China had a 20-fold higher incidence rate than 
low-risk western Africa in 2002 (3). The 5-year survival rate 
of patients with esophageal cancer with localized disease is 
less than 20% (4). Therefore, to improve patient outcome, the 
molecular mechanism of ESCC requires further investigation.

Approximately 5, 70 and 80% of the genomic regions of 
bacteria, unicellular eukaryotes and invertebrates, respectively, 
are annotated as noncoding (5). Noncoding RNAs include 
long noncoding RNAs (lncRNAs), circular RNAs (circRNAs) 
and microRNAs (miRNAs). An increasing number of studies 
reported that lncRNAs, circRNAs and miRNAs may serve 
crucial roles in tumorigenesis and tumour progression (6-11).

LncRNAs are a class of longer transcripts that range from 
200 nt to 100 kb and have little protein-coding potential (7). 
Previous studies have reported that lncRNAs can regulate 
multiple cellular and disease processes, including cell differen-
tiation, stem cell pluripotency, cell proliferation and apoptosis, 
and cancer metastasis (8-11). To the best of our knowledge, the 
majority of the lncRNAs functions remain unclear. Regulation 
via lncRNAs does not occur independently; rather, regulation 
occurs through a large and complex network that involves 
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mRNAs, miRNAs and proteins (6). LncRNAs may regulate 
gene expression by both cis- and trans-regulation (12). Based 
on this knowledge, a systematic study was performed, in order 
to understand the function of lncRNAs and mRNAs.

CircRNAs are another novel type of endogenous non-coding 
RNA, widespread in mammalian cells (13). unlike linear 
RNA, circRNA consists of RNA molecules with covalently 
joined 3'- and 5'- ends formed by a back-splice event; this type 
of RNA therefore presents as a covalently closed continuous 
loop structure and is considered to be a major subtype of gene 
transcription (14). The characteristics of circRNA include the 
following: Exists in nearly all types of species, is expressed in 
a tissue- and disease-dependent manner; and is more stable in 
tissue and circulation compared with linear RNA, since it resists 
RNase (15). Recently, progress has been made on the study 
of the formation and biogenesis of circRNAs, adding to the 
evidence and possibilities for its biological value (16). Similar 
to lncRNAs, abundant evidence indicates that circRNAs may 
serve important roles in non-alcoholic steatohepatitis, bladder 
cancer, hepatocellular carcinoma, Hirschsprung's disease, 
colorectal cancer and lung cancer (17-22). A number of studies 
have revealed that circRNAs are differentially expressed 
in various cancerous tissues or cell lines (such as HEK293 
and HeLa) and can function as ‘miRNA sponges’, regula-
tors of splicing and transcription, and modifiers of parental 
gene expression (23-25). CircRNAs may negatively regulate 
the activity of miRNAs by competing endogenous RNA 
(ceRNA) network that is composed of lncRNAs, circRNAs 
and mRNAs (26). If the dynamic balance of a given ceRNA 
network is disturbed, tumorigenesis may occur (27).

To the best of our knowledge, the role of noncoding RNAs 
in tumorigenesis and progression of ESCC remain unclear. 
In the present study, using a microarray, the differential 
expression patterns of lncRNAs, circRNAs and mRNAs were 
investigated in ESCC. Subsequently, bioinformatics methods 
were used to identify the associated pathways and gene 
ontology items, based on the association between the different 
RNA species.

Furthermore, the lncRNA and circRNA profiles 
were investigated and a number of lncRNA-mRNA and 
circRNA-miRNA-mRNA networks were constructed. Finally, 
the functions of the lncRNAs and circRNAs were predicted 
by constructing a co‑expression network. These findings may 
provide novel data for the diagnosis and pathogenesis of ESCC, 
in addition to novel targets for ESCC treatment.

Materials and methods

Patients and samples. A total of 6 ESCC tissue samples and 
para-carcinoma tissues were obtained from 3 male patients 
(mean, 45 years), who underwent surgical treatment without 
preoperative chemotherapy or radiotherapy at the Affiliated 
Cancer Hospital of Xinjiang Medical University (Urumqi, 
China) between July 2014 and April 2017 (Table I). The 
Union for International Cancer Control TNM classification 
(7th edition, 2009) was used to assess the anatomic extent of 
ESCC (28). The cancerous and paracancerous tissues were 
matched samples. The samples were stored at the Regional 
Bank of Tumour Resources of the Xinjiang Uygur Autonomous 
Region at ‑80˚C until use.

Written informed consent was obtained from all subjects. 
This experimental study was approved and supervised by the 
Ethics Committee of The Third Affiliated Teaching Hospital 
of Xinjiang Medical University, Affiliated Cancer Hospital.

RNA extraction. Total RNA was extracted from ESCC and 
para-carcinoma tissues using Takara RNAiso (Takara Bio), 
according to the manufacturer's protocols and was evaluated 
for a RIN number to inspect the RNA integrity by an Agilent 
Bioanalyzer 2100 (Agilent Technologies). Characterized total 
RNA was further purified using an RNeasy mini kit (Qiagen 
GmBH) and an RNase-Free DNase Set, according to the manu-
facturer's protocols. RNA quantity and quality were measured 
by NanoDrop ND‑2000 (Thermo Fisher Scientific, Inc.), and 
RNA integrity was assessed using standard denaturing 10% 
agarose gel electrophoresis following RNA extraction and 
prior to sample labelling.

Microarray assay. Six tissue samples, including 3 ESCC 
samples and 3 control samples, were sent to Shanghai 
BioChip Co., Ltd. for ceRNA microarray analysis to identify 
differentially expressed lncRNAs, circRNAs and mRNAs.

Ribosomal RNA was removed from total RNA using 
a Ribo-Zero rRNA Removal kit (qiagen GmBH), and the 
RNA(‑rRNA) was subsequently amplified and labelled using a 
Low Input quick Amp WT Labeling kit (Agilent Technologies), 
according to the manufacturer's protocols. Labelled cRNA 
was purified using an RNeasy mini kit (Qiagen GmBH). Each 
slide was hybridized with 1.65 µg Cy3-labelled cRNA using 
a Gene Expression Hybridization kit (Agilent Technologies) 
in a hybridization oven (Agilent Technologies), according to 
the manufacturer's instructions, at 65˚C for 17 h. Following 
which the slides were washed in staining dishes (Thermo 
Fisher Scientific, Inc.) with a Gene Expression Wash Buffer 
kit (Agilent Technologies), according to the manufacturer's 
protocols.

Slides were scanned by Agilent Microarray Scanner 
(cat. no. G2565CA, Agilent Technologies) with default 
settings, dye channel: Green, scan resolution=3 µm, and 
photomultiplier tube 100%, 20bit. Data were extracted with 
Feature Extraction software 10.7 (Agilent Technologies). 
Raw data were normalized by quantile algorithm, using 
the limma packages of the R software (version 3.5.1) (18). 
Following quantile normalization of the raw data, low 
intensity filtering was performed.

The lncRNAs, circRNAs and mRNAs with 3 samples 
flagged as ‘P’ or ‘A’ (all target values) were retained for 
further analysis. When the profile differences were compared 
between two groups, including the disease group vs. the 
control group, the fold-change between the groups for each 
lncRNA, circRNA and mRNA was computed. A scatter plot 
and volcano plots were prepared to visualize the association 
between the fold‑change and the statistical significance of 
lncRNA, circRNA and mRNA expression patterns among 
samples. The statistical significance of differentially regulated 
lncRNAs, circRNAs and mRNAs between the ESCC group 
and the para-carcinoma control group was evaluated based on 
the P‑value. Significantly differentially expressed transcripts 
were calculated by screening for a fold‑change ≥2.0 and 
P<0.05.
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Hierarchical clustering analysis. To generate an overview of 
lncRNA, circRNA and mRNA expression profiles between the 
two groups, hierarchical clustering analysis was performed 
based on the expression values of all expressed transcripts 
and significantly differentially expressed transcripts using the 
Cluster and Tree View program (R software) (18).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RT-qPCR was used to confirm the lncRNA and 
circRNA expression profiles obtained from the microarray 
data. All the samples were normalized to the signal gener-
ated by GAPDH (Sangon Biotech, Co., Ltd.) (25). Data are 
shown as the fold-change (2-ΔΔCq) (29). Student's t-tests were 
used and P<0.05 was considered to indicate a statistically 
significant difference. The cDNA was used as the template in 
an SYBR-Green Real-Time PCR Master Mixes (Invitrogen; 
Thermo Fisher Scientific, Inc.) and in triplicate subjected 
to denaturation at 94˚C for 4 min and 35 cycles of 94˚C for 
30 sec, and 60˚C for 30 sec, followed by extension at 72˚C 
for 10 min using the specific primers. The primer sequences 
were as follows: Circ-0025580: F, 5'-CAC GAG GGG CTT 
GTA GGA TA-3'; R, 5'-AGG AAA CCA AGC CAC CAA G-3'. 
Circ-0024108: F, 5'-AGG CAA GGG ATA ACT CTT CTA ACA 
C-3'; R, 5'-TTG GCA AAT CTG GCG TGT AA-3'. Circ-0025933: 
F, 5'-GGA ATG GAA CGA CAT GCA AA-3'; R, 5'-GAC ACA 
CAT TGT ATT TTC ACG ACA GT-3'. lnc-KLHDC7A-6:2: F, 
5'-GGG CGT GAG GTG TGT GTT TA-3'; R, 5'-CGC TTA CAA 
GCA GCA GGT AG-3'. LOC440173: F, 5'-GAG GTA CCA AGA 
GAA GTG CTG ATG-3'; R, 5'-GTT AAT GCT TTC GGC CAA 
GAT C-3'. EPB41L4A-AS1: F, 5'-GTC ATC TAT GGA GAG 
GAA AGG TAC AAA-3'; R, 5'-TGT CAC CCC AAA CCT CAA 
ATG-3'. SMAD5-AS1_3: F, 5'-GTT CTG GTG GTG ATG GCA 
TTG-3'; R, 5'-CAT CTG GCT CAG GGT GTT CA-3'. GAPDH: 
F, 5'-TGA CTT CAA CAG CGA CAC CCA-3'; R, 5'-CAC CCT 
GTT GCT GTA GCC AAA-3'.

Correlation and co‑expression analysis. The co-expression 
analysis was performed by calculating the Pearson's correla-
tion coefficient (PCC) between coding genes and noncoding 
transcripts, according to their expression levels. The absolute 
value of parameters PCC ≥0.90, P<0.05 and false discovery 
rate <0.01 was recommended and retained for further analysis.

Gene Ontology (GO) and Kyoto Encyclopaedia of Genes 
and Genomes (KEGG) pathway enrichment analysis. The 

DAVID 6.7 functional annotation clustering tool was used 
to analyse the potential functions of lncRNAs, circRNAs 
and co-expressed genes (18). The permutated P-value cut-off 
was set at <0.05. GO is used to describe biological genes and 
perform expression analyses of product attributes and includes 
the following three subgroups: Biological process (BP), 
cellular component (CC) and molecular function (MF) (30). 
GO classifications are calculated for selected genes using a 
particular branch of the hypergeometric distribution relation-
ship for each gene to obtain a P-value <0.05 for the enrichment 
items. GO suggests a role based on the differences in the gene 
analysis. It can also indicate enriched genes that are differ-
entially categorized entries based on changes in different 
samples (18). GO enrichment analysis of significantly differ-
entially expressed mRNAs can reveal the role of obviously 
differentially regulated lncRNAs and circRNAs. Therefore, 
lncRNAs and circRNAs have functions that may be embodied 
in associated mRNA genes. The top 10 enriched GO terms 
of the two groups, ranked according to fold enrichment and 
enrichment score, are presented. The KEGG pathway analysis 
was performed to determine the involvement of co-expressed 
genes in different biological pathways. In addition, the 
-log10 (P-value) denotes the enrichment score, indicating the 
significance of the pathway correlations (31).

LncRNA target gene prediction and KEGG analysis. To iden-
tify the neighbouring target genes of differentially expressed 
lncRNAs that may interact via cis- or trans-regulatory 
effects, differentially expressed lncRNAs (fold-change >5) 
were selected for potential target gene prediction. LncRNAs 
have been found to regulate gene expression in both 
cis- and trans-manners using cis- and trans-regulatory mecha-
nism-based algorithms (32). The co-expressed protein-coding 
genes were defined as cis‑regulated genes when one differ-
entially expressed lncRNA was indicated within 10 kb on 
the same chromosome or as trans-regulated genes if the 
aforementioned criterion was not met.

using gene annotations from uCSC (http://genome.ucsc.
edu/), lncRNAs and potential target genes were paired and 
visualized using the uCSC Genome Browser. The genes 
transcribed within a 10-kb region upstream or downstream 
of lncRNAs were considered cis target genes. The RNA plex 
software was used to choose trans-acting target genes as 
described previously (33). Biological pathways were defined 
by KEGG.

Correlation analysis of circRNAs and mRNAs in ESCC. An 
Agilent circRNA and mRNA expression profile microarray 
was used to screen the differentially expressed circRNA and 
mRNA gene expression. The regulation of the mRNA target 
expression of circRNAs was evaluated to investigate whether 
circRNAs could act as ‘miRNA sponges’. CircRNA-miRNA 
interaction analysis was conducted by Cytoscape 3.2.1 software 
(Cytoscape Consortium). The size of each node represents the 
number of putative miRNAs that were functionally connected 
to each circRNA.

LncRNA‑miRNA‑circRNA‑mRNA ceRNA networks. 
LncRNA-mRNA and circRNA-miRNA co-expression 
networks were constructed based on the correlation analysis 

Table I. Details of ESCC and para-carcinoma specimen used 
for microarray analysis.

Sample  Age,  Tumor
ID Sex years size, cm  TNM

ESCC-1 Male 70 5.5 T3N0M0
ESCC-2 Male 55 5 T3N0M0
ESCC-3 Male 44 4.5 T3N0M0

TNM, Tumor-Node-Metastasis; ESCC, esophageal squamous carci-
noma. 
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between the differentially expressed lncRNA and mRNA, 
and circRNAs and miRNAs. The expression of differen-
tially expressed circRNA-miRNA, lncRNA-mRNA and 
miRNA-mRNA pairs was analysed by Pearson's correlation 
coefficient.

Statistical analysis. The results are reported as the 
mean ± standard deviation for triplicate measurements. 
Statistically significant differences between groups were esti-
mated by two-tailed Student's t-test using SPSS 17.0 software 
(SPSS, Inc., Chicago, IL, uSA). Pearson's coefficient was used 
to compare the microarray data and qPCR results. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Evaluation of extracted RNA. Three clear bands were 
observed, namely, 28S, 18S and 5S, and RNA integrity of the 
28S/18S band was ~2. The inclusion criteria for RNA were set 
at an optical density (OD) A260/280 ratio between 1.8 and 2.1 
and an OD A260/230 ratio >1.8. All quality criteria that were 
predefined by the manufacturer for successful microarray 
analysis were fulfilled for each array.

Differentially expressed lncRNA, mRNA and circRNA profiles 
by microarray. As indicated in the top row of Fig. 1, a correla-
tion plot was used to detect the correlation between samples 
and to verify the homogeneity between biological replicates. 
In addition, as presented in the hierarchical clustering in 
Fig. 1, 1,384 lncRNAs, 2,046 circRNAs and 936 mRNAs were 
differentially expressed, with fold‑changes ≥2.0 and P<0.05 in 
ESCC and para-carcinoma tissues. Among them, 608 and 776 
lncRNAs were upregulated and downregulated, respectively; 
1,148 and 898 circRNAs were upregulated and downregulated, 
respectively; and 306 and 630 mRNAs were upregulated and 
downregulated (fold‑change ≥2.0 and P<0.05) in three ESCC 
tissue samples compared with those of controls.

The scatter plots and volcano plots data suggested that 
the expression of lncRNAs, circRNAs and mRNAs in ESCC 
tissues differed from that of matched para-carcinoma tissues 
(Fig. 2).

The differentially regulated lncRNAs, circRNAs and 
mRNAs were widely distributed among all chromosomes 
(Fig. 2). The dysregulated lncRNAs were classified into six 
categories according to their association with protein-coding 
genes: 34% were intergenic, 29% were exonic sense, 13% 
were exonic antisense, 11% were intronic sense, 7% were 
bidirectional and 6% were intronic antisense. A total of 120 
lncRNAs had a fold‑change ≥10, including 46 upregulated 
lncRNAs and 74 downregulated lncRNAs. Lnc‑SNX10‑1:1 
(fold-change: Approximately 208) was the most upregulated 
lncRNA. An overview of the coding gene profile indicated that 
40 circRNAs had a fold‑change ≥10 (up: 20; down: 20) and 118 
mRNAs had a fold‑change ≥10 (up: 36; down: 82).

Validation of deregulated lncRNAs and circRNAs. To vali-
date the microarray profiling expression data, RT‑qPCR was 
performed and revealed four deregulated expressed lncRNAs 
and three circRNAs. RT-qPCR assays indicated that the 
expression of lncRNAs lnc-KLHDC7A-6:2 and LOC440173 

was upregulated, whereas the expression of EPB41L4A-AS1 
and SMAD5-AS1_3 was downregulated (Fig. 3A). In addi-
tion, circRNAs hsa_circ_0025580, hsa_circ_0024108 and 
hsa_circ_0025933 were upregulated in ESCC compared with 
those of the control (Fig. 3B). The expression levels that were 
detected by the two methods were consistent with each other, 
demonstrating the high reliability of the microarray expres-
sion results (Fig. 3C). Therefore, the RT‑qPCR data verified 
the validity of the microarray results.

Delineation of GO and KEGG pathway analysis. LncRNAs 
can regulate the expression of neighboring and overlapping 
coding genes (10). In addition, circRNAs can regulate their 
parental gene transcription (14). Therefore, GO analysis of 
the genes that produced differently expressed lncRNAs and 
circRNAs was performed. The top 10 generally changed GO 
terms in all comparison groups were classified as BP, CC, and 
MF and were ranked by fold enrichment or enrichment score 
as listed.

Compared with those of para-carcinoma tissues, data of the 
present study indicated that the mRNAs that were upregulated 
by lncRNAs and were associated with biological processes 
were associated to cell cycle and cell division (Fig. 4A). By 
contrast, the downregulated transcripts were most relevant for 
endocytosis and intracellular signal transduction (Fig. 4B). The 
mRNAs that were upregulated by circRNAs and were associ-
ated with biological processes were also associated with DNA 
repair and cell division (Fig. 4C), whereas the downregulated 
transcripts were most relevant for substrate adhesion-depen-
dent cell spreading and intracellular signal transduction. The 
cell cycle and intracellular signal transduction GO terms 
were correlated with cancer and served an important role in 
the control of cell proliferation and gene expression (Fig. 4D).

The KEGG pathway enrichment analysis was designed to 
identify pathways and molecular interactions associated with 
mRNAs. For lncRNAs, our data indicated that 7 pathways 
were associated with upregulated mRNAs and that 10 were 
associated with downregulated mRNAs. For all lncRNA 
studies, the microRNAs in cancer were the most common 
pathway of dysregulated protein-coding genes (Fig. 4E).

For genes that were co-expressed with circRNAs, the top 
enriched KEGG pathway for upregulated mRNAs was associ-
ated with the cell cycle, and for downregulated mRNAs, the 
top enriched pathway was associated with valine, leucine and 
isoleucine degradation (Fig. 4F). Cell cycle signaling was the 
top pathway in dysregulated protein-coding genes. Based 
on these results, these pathways may contribute significantly 
to the pathogenesis and development of ESCC.

Cis‑ and trans‑regulation function prediction of lncRNAs. In 
order to understand the underlying function of lncRNAs, cis- 
or trans-regulatory role of dysregulated lncRNAs in nearby 
coding genes was investigated.

The networks were constructed to determine the asso-
ciation of the differentially expressed lncRNAs and adjacent 
coding genes. Each lncRNA had a different number of 
neighbouring coding genes. For example, lnc‑HOXD11‑1:1 
had a maximum number of 4 adjacent coding genes, whereas 
ENST00000529769 was indicated to have only 1 nearby 
coding gene (Fig. 5A).
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To identify lncRNA target genes and their corresponding 
pathways, the DAVID 6.7 software was used to analyse the 
potential functions of specific lncRNAs. KEGG pathway 
enrichment analysis of 1,945 mRNAs was used, the genes for 
which lncRNAs (fold-change >5) may serve a cis-regulatory 
role. The results indicated that these mRNAs were implicated 
in a number of biological processes, including the cell cycle, 
microRNA expression in cancer, ubiquitin-mediated prote-
olysis and the p53 signalling pathway (Fig. 5B).

The potential target genes of the 462 differentially 
expressed lncRNAs (fold-change >5), which may serve a 
trans-regulatory role, were predicted. In all, 2,893 target genes 
were indicated. In addition, 282 differentially expressed genes 
that had been identified by the mRNA arrays (fold‑change >1.5) 
were matched to these target genes. A number of well-known 
tumour-associated pathways, including those that involve 
apoptosis and the p53 signalling pathway, were indicated to be 
associated with tumorigenesis (Fig. 5C).

Construction of the circRNA‑miRNA co‑expression network. 
To determine the function of circRNAs, a circRNA-miRNA 
co-expression network was subsequently constructed, based 
on bioinformatics analysis. All of the differentially expressed 
circRNA were predicted according to the complementary 
miRNA sequence. An entire network of circRNA/miRNA 
interactions was delineated using Cytoscape. Furthermore, the 
graph was enlarged to display the top 6 up- and downregulated 
circRNAs and their corresponding miRNAs (Fig. 6). In the 
network, the ellipses represent circRNAs, and the triangles 
represent miRNAs.

Construction of ceRNA networks. Based on the ceRNA 
hypothesis, ceRNAs can compete for the same miRNA 

response elements (MREs) to regulate each other (26). 
Bioinformatics methods to establish a ceRNA network in 
ESCC were used according to our microarray data, which 
included the circRNA, lncRNA and mRNA data (Fig. 7). The 
association among circRNA, lncRNA, mRNA and miRNA 
were established using the expression values. The size of the 
circle represents the ability of a given type of RNA to interact 
with other genes.

In the present study, a total of 185 lncRNAs, 332 circRNAs 
and 318 mRNAs were selected to generate a network map 
with Cytoscape. The red colour and green colour represent 
up- and downregulation, respectively. The size of the circle 
represents the size of the P-value, with a larger size resulting 
from a smaller fold-change. The local graphic was enlarged 
to display the ceRNA network. For instance, circ-0078344, 
circ-0026599, circ-0036698 and NR-102741 are ceRNAs 
of different miRNAs that target transforming grown factor 
β induced (TGFBI) (27). TGFBI is a type of protein that is 
induced by the transforming growth factor beta secretory 
protein. The analysis revealed that TGFBI is associated with 
cancer in the general biological process subgroup, and may 
be a biological marker of cancer. These RNA interactions 
provided a novel perspective on the tumorigenic mechanisms 
of ESCC.

Discussion 

Previous studies have focused on protein-coding genes until 
the discovery of numerous non-coding RNAs, including 
lncRNAs and circRNAs (12,14,16). This study, to the best 
of our knowledge, presents the first simultaneous investiga-
tion of lncRNAs, circRNAs and mRNAs in clinical ESCC 
tissues.

Figure 1. Correlation plot and heat map of lncRNAs, circRNAs and mRNAs in ESCC and para-carcinoma tissues. (A) The correlation among the six samples 
based on expression values of significantly altered lncRNAs. (B) The correlation among the six samples based on expression values of significantly altered 
circRNAs. (C) The correlation among the six samples based on expression values of significantly altered mRNAs. Heat map based on the expression values 
of significantly altered (D) lncRNAs, (E) cirRNAs and (F) mRNAs with fold changes ≥2.0 and P<0.05. lncRNAs, long noncoding RNAs; circRNAs, circular-
RNAs; ESCC, esophageal squamous carcinoma; C, ESCC tissues; N, control tissues.
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A growing number of studies have confirmed that lncRNAs 
may be one of the most important factors for the control of 
gene expression (8-11,34). LncRNA has been widely reported 

to participate in a wide range of biological processes, and its 
dysregulated expression affects many human disease pheno-
types, including those of cancers (35-37). Similar to lncRNAs, 

Figure 3. Validation of the expression of significant transcripts. (A) The relative expression levels of five lncRNAs in ESCC tissues and control tissues. 
(B) The relative expression levels of three circRNAs in ESCC tissues and control tissues. (C) The comparison between microarray data and qPCR results of 
each lncRNA and circRNA. The relative expression levels of four lncRNAs and three circRNAs. Data are presented as the mean ± standard deviation (n=20). 
**P<0.01. lncRNAs, long noncoding RNAs; circRNAs, circularRNAs; ESCC, esophageal squamous carcinoma; C, ESCC tissues; N, control tissues; qPCR, 
quantitative polymerase chain reaction.

Figure 2. Detected results for all lncRNAs, circRNAs and mRNAs. Scatter plot and volcano plots based on the expression values of significantly altered 
(A) lncRNAs, (B) circRNAs and (C) mRNAs in ESCC. The upregulated and downregulated lncRNAs, circRNAs and mRNAs are marked by red or blue 
bars, respectively. The right vertical line corresponds to 2-fold upregulation, the left vertical line corresponds to 2-fold downregulation, and the horizontal 
line indicates a P=0.05. The numbers of dysregulated lncRNAs, circRNAs and mRNAs identified in ESCC tissues and matched para‑carcinoma tissues are 
presented. lncRNAs, long noncoding RNAs; circRNAs, circularRNAs; ESCC, esophageal squamous carcinoma.
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circRNAs are a large class of noncoding RNAs (ncRNAs). 
CircRNAs were recently described as pivotal gene regulators 
in humans, due to the different ways that they control tran-
scription and translation (38). As increased attention is paid to 
the roles of circRNAs as oncogenes and tumour suppressors in 
cancer, circRNAs have exhibited great potential as diagnostic 
and prognostic biomarkers (19,39).

However, comprehensive analyses of differentially 
expressed profiles of lncRNAs and circRNAs in ESCC, to 
the best of our knowledge, have yet to be reported. To probe 
the functions of lncRNAs and circRNAs in ESCC tumours, the 
genome‑wide expression profiles of lncRNAs and circRNAs 
were examined in the present study in three ESCC specimens 
and matched adjacent tissues using a microarray assay.

From the results of the present study, it was determined that 
hundreds of lncRNAs, circRNAs and mRNAs were differen-
tially expressed in tumour tissues compared with those of the 
control group. Overall, 1,384 lncRNAs, 2,046 circRNAs and 

936 mRNAs were observed to be significantly differentially 
expressed in ESCC. Four dysregulated lncRNAs and three 
circRNAs were further verified by RT‑qPCR. Therefore, the 
RT‑qPCR data verified the microarray data, demonstrating 
the reliability of the microarray results. These differentially 
expressed lncRNAs, circRNAs and mRNAs were subse-
quently integrated into hierarchical categories, according to 
heat maps and hierarchical clustering.

To further study the function of these differentially 
expressed lncRNAs and circRNAs, GO and KEGG pathway 
analyses were performed. The annotation results of the most 
significant GO terms of lncRNAs were cell cycle, cell division, 
endocytosis and intracellular signal transduction. The notably 
changed GO terms of circRNAs were DNA repair, cell division, 
substrate adhesion-dependent cell spreading and intracellular 
signal transduction. These biological processes identified 
coding genes that were associated with the development of 
ESCC (40,41).

Figure 4. GO and KEGG pathway analyses. GO annotation of (A) upregulated lncRNAs and co-expressed mRNAs, (B) downregulated lncRNAs and 
co-expressed mRNAs, (C) upregulated circRNAs and co-expressed mRNAs, (D) downregulated circRNAs and co-expressed mRNAs with top enrich-
ment scores that fell in the domains of BP, CC and MF. KEGG pathway enrichment analysis of (E) dysregulated lncRNAs and co-expressed mRNAs and 
(F) dysregulated circRNAs and co-expressed mRNAs with the top enrichment scores. lncRNAs, long noncoding RNAs; circRNAs, circularRNAs; GO, Gene 
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological processes; CC, cellular components; MF, molecular functions.
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KEGG pathway analysis for the differentially expressed 
lncRNAs and circRNAs revealed 10 pathways. These pathways, 
including miRNAs in cancer, the 5' AMP-activated protein 
kinase signalling pathway, PI3K-Akt signalling pathway, p53 
signalling pathway and cell cycle, may serve pivotal roles in 

the tumorigenic mechanisms of ESCC, as they were more 
likely to be identified in the ESCC group compared with in 
the normal control group. This suggests that dysregulated 
lncRNAs and circRNAs may affect these targets by regulating 
the associated pathways in ESCC.

Figure 5. The network of lncRNAs and target genes. (A) LncRNAs and the potential cis- and trans-regulated target genes located nearby are presented in the 
network. The square nodes represent the lncRNAs that have a cis function, and the circle nodes represent the lncRNAs that have a trans function. The rhombus 
nodes represent the lncRNAs with both cis and trans functions. The tiny blue arrow nodes indicate the target genes. The size of the node represents the fold-change 
of lncRNA levels, with a larger size indicating a lower P-value. (B) KEGG pathway enrichment analysis of potential target genes regulated by lncRNAs in a (B) cis 
manner and (C) trans manner with the top enrichment scores. lncRNAs, long noncoding RNAs; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 6. The network of circRNAs-miRNAs. The network consisted of 6 circRNAs and 31 miRNAs. In the circRNA-miRNA network, the ellipse represents 
circRNA and the triangle represents miRNA, and their association is represented by one edge. miRNAs, microRNAs.

Figure 7. Competing endogenous RNA network in ESCC. The competing endogenous RNA network was based on lncRNA/miRNA, circRNA/miRNA and 
miRNA/mRNA interactions. In this network, each point represents a gene, and a straight line between the genes represents an miRNA. ESCC, esophageal 
squamous carcinoma; lncRNAs, long noncoding RNAs; circRNAs, circularRNAs; miRNAs, microRNAs.
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Increasing evidence indicates that lncRNAs and circRNAs 
are extensively targeted by miRNAs and that they function 
as ceRNAs (20,42). CeRNAs include lncRNAs, circRNAs 
and mRNAs, as these transcripts can compete for the same 
MREs and mutually regulate each other (23). ceRNAs have 
been implicated in both physiological conditions and cancer 
development. If the balance in the intricate ceRNA network 
is disturbed, carcinogenesis may occur. To date, to the best 
of our knowledge, no information on ceRNAs in ESCC has 
been reported. A lncRNA-miRNA-circRNA-mRNA ceRNA 
network in ESCC was constructed based on our microarray 
data. As indicated in Fig. 7, the association among these 
types of RNA is extremely complex. Compared with those 
of the control group, the lncRNAs and circRNAs that were 
dysregulated in the ESCC group were identified. In the ceRNA 
network, 185 lncRNAs and 332 circRNAs were included. In 
order to illustrate the ceRNA network, TGFBI was selected, 
as it serves a role in the activation of morphogenesis, cell 
proliferation, adhesion, migration, differentiation, chemo-
resistance and inflammation (43). The RNAs circ‑0078344, 
circ-0026599, circ-0036698 and NR-102741 are ceRNAs 
of different miRNAs that target TGFBI. Theoretically, 
lncRNAs and circRNAs may regulate the tumorigenesis 
of ESCC by targeting TGFBI. However, the functions of 
lncRNAs, circRNAs and their associated ceRNAs in ESCC 
remain unclear. Further studies on these RNA interactions 
are required, in order to provide a novel perspective of the 
tumorigenic mechanisms of ESCC.

In conclusion, the present study presented a profile of dysregu-
lated lncRNAs, circRNAs and mRNAs in ESCC, as determined 
by microarray analysis. GO and KEGG pathway analyses were 
performed to annotate the potential functions of differentially 
expressed lncRNAs and circRNAs. Co-expression networks 
were constructed for lncRNA-miRNA-circRNA-mRNA. Our 
data may establish a foundation for further functional research 
into lncRNAs and circRNAs in ESCC. Therefore, these results 
suggest that ncRNAs may serve an important diagnostic and 
therapeutic role in ESCC.
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