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Background: Esophageal cancer (EC) is one of the most common gastrointestinal cancers and the 
incidence is on the increase in recent years. The aim of the present study was to assess novel long non-coding 
RNA (lncRNA) biomarkers for the prognosis of EC through the analysis of gene expression microarrays. 
Methods: Three datasets (GSE53622, GSE53624, and GSE53625) were downloaded from the Gene 
Expression Omnibus (GEO) database and EC patients’ clinical information were from The Cancer Genome 
Atlas (TCGA) databases. Differentially expressed genes (DEGs) were screened by comparing tumor 
tissues with normal tissues using limma R package. The Gene Expression Profiling Interactive Analysis 2 
(GEPIA2) database was used to obtain the novel lncRNAs and their co-expression genes in EC and these 
were visualized with the Cytoscape software. The Kyoto Encyclopedia of Genes and Genomes (KEGG) 
Orthology Based Annotation System (KOBAS) database was used to analyze the functions enrichment of 
selected DEGs. Cell Counting Kit-8 (CCK8) and Transwell assays were used to further confirm the function 
of target lncRNAs.
Results: We identified 24 differentially expressed (DE) lncRNAs and 659 DE mRNAs from the 
intersection of GEO and TCGA databases. And we found that only LINC01614 was concerned with a 
candidate prognostic signature in EC. “Extracellular matrix (ECM)-receptor interaction” and “PI3K-Akt 
signaling pathway” were observed, and we constructed a lncRNA-mRNA co-expression network for EC that 
includes LINC01614 and 64 mRNAs. The results of CCK8 and Transwell assays showed that suppression of 
LINC01614 inhibited EC cell proliferation and migration. 
Conclusions: Our study might provide LINC01614 as a novel lncRNA biomarker for diagnosis and 
prognosis in EC.

Keywords: Esophageal cancer (EC); bioinformatics; lncRNA; LINC01614

Submitted Jul 14, 2020. Accepted for publication Feb 07, 2021.

doi: 10.21037/tcr-20-2529

View this article at: http://dx.doi.org/10.21037/tcr-20-2529

1812

^ ORCID: 0000-0003-3007-4644.

https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-20-2529


1805Translational Cancer Research, Vol 10, No 4 April 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(4):1804-1812 | http://dx.doi.org/10.21037/tcr-20-2529

Introduction

Esophageal cancer (EC), one of the most common cancers, 
is ranking eighth in the incidence of all the cancer types 
and sixth in the causable factors in cancer-related death, 
and leads a malignancy causing lots of mortality worldwide 
(1,2). Esophageal adenocarcinoma (EAC) and esophageal 
squamous cell carcinoma (ESCC) are known as the two 
main histological types of EC (2). ESCC is the major type 
of EC which predominates in the Asian countries, whereas 
EAC is more predominant throughout the Western 
countries (3). 

As far as we know, the development of EC is a complex 
process involving multistep and multiple factors. Recently, 
long non-coding RNAs (lncRNAs) as a novel biomarker 
in human cancer is gradually being recognized. LncRNAs 
are longer than 200 nucleotides with less or no protein 
coding capacity and widely involved in the gene regulations 
at different levels (epigenetic regulations, transcriptional, 
and posttranscriptional processing) (3-6). The well-
studied functions of lncRNAs include sequence-specific 
recruitment of proteins, competing endogenous RNA 
(ceRNA) regulation and molecular scaffolding of protein 
complexes (7). Abnormal content or functions of lncRNAs 
have been demonstrated to be associated with tumorigenesis 
and metastasis, suggesting that lncRNAs may be novel 
biomarkers for tumor diagnosis and potential therapeutic 
targets (8). Although many functional lncRNAs have been 
identified using bioinformatics platform and various cellular 
functional experiments in EC (9-11), a large number of 
lncRNAs related to EC progression remain to be further 
studied, which may provide new strategy for further 
development of tumor targeted drug and early diagnosis in 
patients with EC. Thus, analyzing the clinical significance, 
biological function and molecular mechanisms of lncRNAs 
in EC is of great importance.

The gene encoding long intergenic non-protein-coding 
RNA 1614 (LINC01614), located on chromosome 2q35 
in between two exons, is known as lung cancer-associated 
lncRNA 4 and was also originally identified as a tumor 
promoter in lung cancer (12-14). Then, LINC01614 was 
also reported to be overexpressed in breast cancer (15), 
glioma (16), and was proved to have great prognostic values 
in cancer patients. Through the LINC01614-contaitng 
signature predicted overall survival (OS) and disease free 
survival (DFS) in patients with ESCC (17), the expression 
and biological function of LINC01614 in EC are unclear. 

Integrated analysis of accumulated data is an effective 

way to obtain new biomarkers or potential therapeutic 
targets for EC. So, the datasets belonging to GPL18109 (a 
platform that specifically applied to identify lncRNAs and 
mRNAs) and TCGA were downloaded for DE lncRNAs 
and DE mRNAs analysis in this study. And the online 
tool GEPIA2 was used to analyze prognostic values for 
lncRNAs and their co-expression mRNAs in EC. Next, we 
used bioinformatics tools to construct a lncRNA-mRNAs 
network in EC. Furthermore, we found that LINC01614 
served as an oncogene that could promote cell proliferation 
and migration in EC. Overall, our study showed a novel 
potentially clinical lncRNA biomarker for diagnosis and 
prognosis in EC. 

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
tcr-20-2529).

Methods

Public data collection and bioinformation analyses

The details of three datasets (GSE53622, GSE53624, 
and GSE53625) were downloaded from GEO database, 
and EC RNA expression profiles were downloaded from 
TCGA database. We performed differentially expressed 
(DE) mRNAs and lncRNAs with thresholds of |log fold 
change| >1 and adjusted P value <0.05 by comparing tumor 
tissues with normal tissues using limma R package. The 
integrated dysregulated gene lists were saved for subsequent 
analysis. An online tool GEPIA2 was used to analyze the 
hub lncRNAs and mRNAs of EC specimens. Our workflow 
for bioinformatics analysis is illustrated in Figure 1. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Cell culture and siRNA transfection

Human EC cell lines (EC9706, TE-1, and EC109) and 
human normal esophageal epithelial cells (HEEC) were 
purchased from the Chinese Academy of Cell Resource 
Center (Shanghai, China). Cell lines were cultured in 
RPMI-1640 (Corning) supplemented with 10% Fetal 
Bovine Serum (FBS) (Invitrogen), 100 μg/mL streptomycin, 
and 100 IU/mL penicillin. All cells were grown at  
37 ℃ in a humidified incubator with 5% CO2. The small 
interfering RNAs (siRNAs) targeting LINC01614 (si-
LINC01614#1, si-LINC01614#2) and negative control 
siRNAs (si-NC) were synthesized by GenePharma and used 

http://dx.doi.org/10.21037/tcr-20-2529
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in knockdown experiments. 50 nM target siRNAs were 
transfected into EC109 and TE-1 cells using Lipofectamine 
3000 (Invitrogen). The sequences of siRNAs are shown in  
Table S1.

RNA isolation and RT-PCR

Following the manufacturer’s instruction, total RNAs 
were isolated using a Trizol reagent (TIANGEN, Beijing, 
China). As previously described, the Reverse Transcription-
Polymerase Chain Reaction (RT-PCR) were performed 
with Fastking RT Reagent Kit (TIANGEN, Beijing, China) 
and SYB Green Premix kit (TIANGEN, Beijing, China). 
The results of RT-PCR were analyzed by the 2−ΔΔCT formula. 
The primers used in this study were shown in Table S2, and 
GAPDH was selected as an internal reference. 

Cell viability assay

After transfection, EC109 and TE-1 cells were seeded into 
96-well plate at 2,000 cells per well with 100 μL complete 
medium. CCK8 regent (10 μL/well, Solarbio) was incubated 
with cells for 2.5 h at 37 ℃ and the OD450 was measured 
by microplate reader (Tecan) per day up to 5 days.

Transwell migration assay

Migration assay was performed using Transwell chambers 
(Corning, 3422). After transfection, EC109 (6×104 cells/
well/100 μL) or TE-1 (8×104 cells/well/100 μL) cells 
were seeded onto the upper chambers with serum-free 
RPMI 1640, and 600 μL RPMI 1640 with 30% FBS 
medium were filled in the lower chamber and incubated at  
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Three GEO Datasets
(GSE53622, GSE53624 and 

GSE53625)

Transcriptomic profiles
(TCGA)

Differentially expressed 
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Figure 1 Flowchart of this present study.
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37 ℃ for 24 h. Cells in lower chamber were fixed with 1% 
paraformaldehyde for 20 min, and stained with Giemsa. 
Images of cells were taken and analyzed using National 
Institutes of Health (NIH) imageJ software.

Flow cytometry

siLINC01614#1/2 or siNC was transfected into EC109 
and TE-1 cell lines respectively. The effects of LINC01614 
on cell apoptosis were analyzed by flow cytometry using 
the annexin V-APC/PI apoptosis kit (Beyotime, China) 
according to protocol. PI can distinguish live cells from 
dead cells with the use of a counterstaining dye.

Statistical analysis

The statistical results came from three independent 
experiments. Results were analyzed using SPSS 26 and 
Prism 7.0 (GraphPad). Student’s t-test was used to analyze 
the statistical significance and multiple groups were 
compared by one-way ANOVA. Data are expressed as the 
mean ± SD. A value of P<0.05 was considered as statistical 
significance.

Results

Differentially expressed lncRNAs and mRNAs

In our study, three datasets supplemented with their 
platform information were downloaded from GEO 
database, and EC RNA expression profiles were downloaded 
from TCGA database. Before integrated analysis of these 
datasets, limma package was applied to screen differentially 
expressed genes (DEGs) according to the threshold of |Log 
Fold change| >1 and adjusted P value <0.05. The detailed 
information of the three GEO datasets were shown in  
Table S3. We found 1033 DE lncRNAs (663 upregulated 
and 370 downregulated) and 3,562 DE mRNAs (1,925 
upregulated and 1,637 downregulated) in ESCA-TCGA 
dataset. The intersection of the DE genes with consistent 
RNA levels from GEO and TCGA datasets includes 24 DE 
lncRNAs (18 upregulated and 6 downregulated) and 659 DE 
mRNAs (379 upregulated and 280 downregulated).

Identification of a prognostic signature of EC

The clinical information of EC patients in the TCGA 
database was shown in Table S4. To validate the association 

between lncRNAs and EC, we first selected 20 DE lncRNAs 
(4 DE lncRNAs reported in EC was out) for OS and DFS 
analysis using GEPIA2. And we found that only upregulated 
LINC01614 was associated with short recurrence-free 
survival (RFS) in EC (Figure 2A). Moreover, the correlation 
between the expression of Linc01614 and the clinical 
pathology of EC revealed that LINC01614 was associated 
with American Journal of Critical Care (AJCC) stage 
and T stage (Figure 2B,C and Table S5). RT-PCR results 
showed that the expression levels of LINC01614 were 
higher in EC tissues than in non-tumor tissues (Figure 2D). 
These results indicate that LINC01614 may play an 
important role in EC development.

Functional enrichment analysis and Construction of 
lncRNA-mRNAs network

To further investigate the function of LINC01614, we 
firstly obtained 1,000 co-expression genes of LINC01614 
from GEPIA2 in EC. Secondly, we selected 64 mRNAs 
(Table S6), which came from the intersection of GEPIA2 
and DE mRNAs from TCGA and GEO, for functional 
enrichment analysis using KOBAS. The top 10 biological 
processes identified in Gene Ontology (GO) and KEGG 
pathways revealed that mRNAs positively co-expressed 
with LINC01614 participated primarily in “extracellular 
matrix”, “cellular component organization or biogenesis”, 
“ECM-receptor interaction”, “Focal adhesion” and “PI3K-
Akt signaling pathway” (Figure 2E,F), suggesting that 
LINC01614 may regulate tumorigenesis in EC. Finally, we 
selected the 64 mRNAs for construction of LINC01614-
mRNAs network (Figure 2G), which was visualized using 
Cytoscape v3.7.2.

LINC01614 promotes EC cell proliferation and migration

To further verify the role of LINC01614 in EC cell lines, 
we knocked down its expression via transfecting siRNA 
targeted LINC01614 into EC109 or TE-1 cells. RT-PCR 
results showed that siRNAs were successful transduction 
of EC cells (Figure 3A,B). The following CCK8 assays 
and cell apoptosis assays confirmed that knockdown of 
LINC01614 inhibited cell proliferation and induced cell 
apoptosis in EC109 and TE-1 cells (Figure 3C,D,E,F). 
Moreover, Transwell assays showed that knockdown 
of LINC01614 significantly inhibited both EC109 
and TE-1 cells migration, compared with control cells  
(Figure 3G,H). In conclusion, LINC01614 could promote 

https://www-sciencedirect-com.ezproxy3.lhl.uab.edu/topics/biochemistry-genetics-and-molecular-biology/flow-cytometry
https://www-sciencedirect-com.ezproxy3.lhl.uab.edu/topics/biochemistry-genetics-and-molecular-biology/annexin
https://cdn.amegroups.cn/static/public/TCR-20-2529-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-2529-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-2529-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-2529-supplementary.pdf
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Figure 2 Clinical feature analysis of LINC01614. (A) Kaplan–Meier analysis of esophageal cancer (EC) Disease Free Survival (DFS) 
according to expression of LINC01614. (B) LINC01614 expression analysis in stage I–IV of EC. LINC01614 expression analysis in T stage 
1–4 of EC. (C) Reverse Transcription-Polymerase Chain Reaction (RT-PCR) was used to determine the expression levels of LINC01614 
in EC tissues and non-tumor tissues. (E,F) Top 10 Gene Ontology (GO) (E) and Kyoto Encyclopedia of Genes and Genomes (KEGG); (F) 
pathways of genes co-expressed with LINC01614. (G) LINC01614-64 mRNAs network. Red circle indicates upregulated mRNAs; green 
circle indicates downregulated mRNAs; yellow circle stands for upregulated LINC01614. 

EC cell proliferation and migration.

Discussion

EC is one of the most common gastrointestinal cancers and 
the incidence is on the increase in recent years (18,19). Due 

to lack of early diagnostic strategy, the patients with EC 
exhibits at a late stage in the present of diagnosis and their 
5-year survival rate is extremely poor, only 15% to 25% (20). 
Increasing evidence have reported that non-coding RNAs 
(ncRNAs) and protein coding mRNA play a pivotal in many 
important biological processes, including cell proliferation, 
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Figure 3 Knockdown of LINC01614 inhibited EC cell proliferation and migration. (A,B) RT-PCR was used to determine the expression 
levels of LINC01614 in EC109 (A) and TE-1 (B) cells, transfected with and negative control siRNAs (si-NC), si-LINC01614#1, si-
LINC01614#2 or not. (C,D) Cell Counting Kit-8 (CCK8) assay was used to check the cell viability of LINC01614 in EC109 (C) and TE-1 
(D) cells, transfected with si-NC, si-LINC01614#1, si-LINC01614#2 or not. (E,F) Flow cytometry was used to check the cell apoptosis 
of LINC01614 in EC109 (E) and TE-1 (F) cells, transfected with si-NC, si-LINC01614#1, si-LINC01614#2 or not. (G,H) Transwell 
assay was used to check the cell migration of LINC01614 in EC109 (G) and TE-1 (H) cells, transfected with si-NC, si-LINC01614#1, si-
LINC01614#2 or not. Con: blank cell; N=3, *P<0.05, **P<0.01, ***P<0.01.
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differentiation, gene expression, cell apoptosis, migration 
and invasion (8,21,22), especially in tumorigenesis. 
However, only a few lncRNAs have been functionally 
characterized in EC. Nowadays, several lncRNAs has 
been reported closely associated with the prognosis of EC 
patients, such as LINC01415 (23), LINC01980 (24,25), 
LINC02042 (26), and PVT1 (27). Interestingly, growing 
studies hold that the dysregulation of lncRNAs was caused 
by various transcription factors. For instance, SP1 increased 
lncRNA-ZFAS1 in colorectal cancer, resulting in the 
increase of the capacities of cell proliferation, migration and 
invasion (28). Hence, it might be very necessary for seeking 
new biomarkers and therapeutic targets of lncRNAs for EC.

In our study, we firstly identified the DE lncRNAs 
involved in EC by analyzing gene expression data 
obtained from GEO and TCGA databases. Using online 
bioinformatics tools, we found that LINC01614 was 
associated with short RFS, advanced AJCC stage and T 
stage in EC, which indicated that LINC01614 might be a 
novel biomarker of EC. A clinical study indicated that high 
LINC01614 was closely associated with advanced AJCC 
stage and shorter DFS of EC patients and could serve as an 
independent prognostic factor for EC patients. Furthermore, 
our findings revealed that 64 mRNAs were observed to 
consist for the construction of LINC01614-mRNAs network 
in EC. To further investigate the role of LINC01614, 
we build the interaction network for 64 mRNAs and 
LINC01614 from GO and KEGG analysis. Using these 
data, we found LINC01614 are involved in different terms of 
biological process related to tumorigenesis. The GO terms 
for up-regulated LINC01614 are extracellular matrix, and 
cellular component organization or biogenesis. Meanwhile, 
we found the most significant KEGG pathways are ECM-
receptor interaction and PI3K-Akt signaling pathway, which 
have been reported to be associated with the progression 
of EC. Previously, the oncogene roles of LINC01614 in 
glioma, breast cancer and lung adenocarcinoma has been 
reported recently (13,15,16). Furthermore, we confirmed the 
silico analysis results by lost-of-function assays. CCK8, cell 
apoptosis and Transwell assays showed that knockdown of 
LINC01614 inhibited EC cell proliferation and migration. 
Besides, LINC01614 may protect EC cells from apoptosis. 
Finally, we confirmed LINC01614 as a novel biomarker 
and drove tumorigenesis via promoting tumor growth and 
metastasis in EC.

Therefore, from data in the present study, we learn that 
LINC01614 might affect tumorigenesis through regulating 
protein-coding mRNAs, which were involved in cell 

development, proliferation, ECM formation, PI3K-Akt 
signaling pathway and other important biological processes. 
However, there are still several questions to be addressed 
as follows: Does LINC01614 bind to DE mRNAs directly 
or indirectly? How does LINC01614 identify and interact 
with precise genomic target sites? What are the specific 
mechanisms of LINC01614 in vivo? We will focus on these 
issues in our future work.

In conclusion, we verified LINC01614 as an oncogene 
in EC by bioinformatics and CCK8, Transwell and flow 
cytometry experiments. And co-expression network for 
all of these DE mRNAs and LINC01614 were built to 
explore the relationship between mRNA and lncRNA, 
which may provide a mechanism of mRNA expression 
regulation by lncRNA. Our study provide insight into the 
identification of novel lncRNA biomarkers for diagnosis and  
prognosis in EC.
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Supplementary

Table S1 The sequences of siRNAs used for cell transfection

Name Sequence (5′→3′)

si-LINC01614#1 GGCTGGTTCTGTGATTTATTT

si-LINC01614#2 GAGGGTTTCTCCTATTAAATT

si-NC CTAGAGTCTTCTTGAGATCAA

Table S2 The primer sequences used in RT-PCR

Primer name Sequence (5′→3′)

LINC01614 Primer-F CAACCAAGAGCGAAGCCAAG 

LINC01614 Primer-R CGCCCCAAAACAACTGAGTC

GAPDH Primer-F TGACTTCAACAGCGACACCCA

GAPDH Primer-R CACCCTGTTGCTGTAGCCAAA

Table S3 Details of Esophageal Cancer Studies in Gene Expression Omnibus Database
Series  
accession

Platform
Sample  

size
Upregulated  

lncRNAs
Downregulated  

lncRNAs
Upregulated  

mRNAs
Downregulated  

mRNAs
GSE53622 GPL18109 119 ESCC patients 142 191 1001 1512

GSE53624 GPL18109 119 ESCC patients 214 215 1204 1489

GSE53625 GPL18109 119 ESCC patients 101 120 898 979

Table S4 The Clinical Information of Esophageal Cancer Patients 
in the TCGA Database

Characteristics Number of cases Percentages (%)

Gender

Female 27 14.6

Male 158 85.4

Vital status

Alive 128 69.2

Dead 57 30.8

AJCC Stage

Stage I 17 9.5

Stage II 85 47.5

Stage III 61 34.1

Stage IV 16 8.9

T stage

T1 24 16.5

T2 42 26.6

T3 84 53.2

T4 6 3.8

N stage

N0 68 46.9

N1 63 43.4

N2 10 6.9

N3 4 2.8

M stage

M0 127 90.1

M1 14 9.9

Table S5 The correlation between the expression of Linc01614 and 
the clinical pathology of Esophageal Cancer Patients in the TCGA 
Database

Characteristics
LINC01614 low  

expression
LINC01614 high  

expression
P value

Gender 0.3911

Female 22 58

Male 27 53

AJCC Stage 0.0146*

Stage I 11 4

Stage II 33 40

Stage III 23 31

Stage IV 12 3

T stage 0.000***

T1 21 3

T2 14 26

T3 42 47

T4 1 4

N stage 0.7084

N0 29 35

N1 38 32

N2 5 4

N3 2 3

M stage 0.013*

M0 59 69

M1 12 3

Chi-squared test, p<0.05*, p<0.001***.

Table S6 64 mRNAs co-expressed with LINC01614 according to GEPIA2

lncRNA mRNAs

LINC01614 FAP, CTHRC1, ADAMTS12, COL3A1, COL5A2, COL1A1, NOX4, ADAMTS2, COL6A3, ZNF469, COL5A1, COL10A1, 
COL11A1, LRRC15, COL12A1, THBS2, THY1, ITGA11, WISP1, LAMP5, RCN3, ASPN, MMP13, CDH11, LOXL2, FNDC1, 
EPYC, RGS16, COL24A1, MFAP2, P3H1, WNT2, SFRP4, CHN1, AKAP6, TNC, HOMER3, PLAU, MSN, INHBA, TMEM26, 
AMIGO2, ARSI, ADAMTS14, GPR68, ACKR3, PEG3, RUNX2, LAMC2, IL31RA, MSR1, LOX , MMP1, MEX3B, RAI14, 
GPR176, CACNG4, FCGR3A, LAMB3, PTHLH, RECK, LIMK1, IQCA1, PTK7


