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Abstract. Esophageal cancer is the eighth most prevalent 
malignancy in the world and China has a high incidence 
of esophageal cancer. Previous studies have identified that 
LINC00488 is an oncogene; however, its role in esophageal 
cancer remains unclear. The present study detected the expres‑
sion and biological functions of LINC00488 in the progression 
of esophageal cancer. LINC00488 levels in 45 esophageal 
cancer and matched paracancerous tissues were detected. The 
association between LINC00488 level, clinical indexes and 
overall survival rate of patients with esophageal cancer was 
analyzed. Using Cell Counting Kit‑8, Transwell and wound 
healing assays, the influence of LINC00488 on the biological 
functions of OE19 and OE33 cells were assessed. The target 
gene of LINC00488, microRNA‑485‑5p (miRNA‑485‑5p), 
was predicted using bioinformatics databases. In addition, 
the role of miRNA‑485‑5p in the progression of esophageal 
cancer was evaluated using rescue experiments. LINC00488 
was upregulated in esophageal cancer tissues and cell lines. 
A high level of LINC00488 was associated with lymphatic 
and distant metastasis and poor prognosis in patients with 
esophageal cancer. Silencing LINC00488 attenuated the 
viability, migration and wound healing of OE19 and OE33 
cells. miRNA‑485‑5p was downregulated in esophageal 
cancer and low expression levels predicted a poor prognosis 
in these patients. In addition, miRNA‑485‑5p level was nega‑
tively correlated with that of LINC00488. Rescue experiments 
showed that knockdown of miRNA‑485‑5p reversed the atten‑
uated proliferation and migration of esophageal cancer cells 
with LINC00488‑knockdown. In conclusion, LINC00488 
aggravated the malignant progression of esophageal cancer by 
targeting miRNA‑485‑5p.

Introduction

Esophageal malignancy ranks eighth among cancer deaths 
worldwide. It is estimated that just over 450,000 new cases 
of esophageal cancer were diagnosed in 2012, with around 
400,000 deaths attributable to this condition in the same year. 
There is a significant difference between developed and devel‑
oping nations with respect to esophageal cancer incidence; 
it ranks 13th among all malignancies in the United States 
compared with 8th worldwide (1‑3). Histology also differs, and 
although esophageal squamous cell carcinoma is more common 
throughout the world, esophageal adenocarcinoma is the most 
common esophagal cancer in the United States (1). Esophageal 
squamous cell carcinoma is a common pathological type of 
esophageal cancer (1). Therapeutic approaches have improved; 
however, the 5‑year survival of esophageal cancer is as low as 
15‑20% (4,5). In fact, most patients with esophageal cancer 
have already progressed into middle or advanced stages at 
the initial diagnosis owing to the lack of sensitive diagnostic 
methods (6,7). Therefore, it is necessary to develop sensitive 
and specific hallmarks for esophageal cancer (6‑8).

Long non‑coding (lnc)RNAs are non‑coding RNAs of 200 
nucleotides in length, most of which have polyadenylation tail 
structures and lack protein‑coding potential (9,10). In total, 
>60% of the genomes in mammals can be transcribed, and 
most of them are lncRNAs (11,12). An increasing number of 
studies have demonstrated a wide range of biological effects 
of lncRNAs on cancer progression  (13,14). Dysregulated 
lncRNAs are involved in the occurrence and progression of 
tumors (14). In colorectal cancer, upregulation of lncRNA H19 
promotes tumor growth by recruiting and binding eukaryotic 
initiation factor 4A‑III, resulting in a poor prognosis (15). In 
the present study, LINC00488 was screened from the data‑
base as an important gene influencing esophageal cancer, and 
further research was carried out to explore its specific regula‑
tory mechanisms.

Competing endogenous RNAs are a newly identified 
regulatory network (16). LINC00488 functions as a ceRNA 
to regulate hepatocellular carcinoma cell proliferation 
and angiogenesis through miR‑330‑5 (17). Coding RNAs 
interact with non‑coding RNAs through microRNA 
(miRNA/miR) response elements, thus influencing cellular 
communication, transcription regulation and biological 
functions  (16‑18). The bioinformatics analysis identified 
that miRNA‑485‑5p is the downstream gene of LINC00488. 
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miRNA‑485‑5p is reported to affect the development of 
several malignant tumors in humans, such as esophageal 
and lung cancer (19,20).

The present study investigated the expression characteris‑
tics and biological functions of LINC00488/miRNA‑485‑5p 
in the progression of esophageal cancer, highlighting the 
potential of these as prognostic and diagnostic biomarkers as 
well as novel therapeutic targets.

Materials and methods

Patients and samples. In total, 45 patients with esophageal 
cancer were enrolled from July  2017 to June  2018. The 
Tumor‑Node‑Metastasis (TNM) staging and evaluation of 
the depth of cancer invasion were based on the Japanese 
Guidelines for Diagnosis and Treatment of Carcinoma of 
the Esophagus  (21). Inclusion criteria for patients were as 
follows: i) ≥18 Years old and ii) histologically confirmed 
esophageal cancer. The exclusion criteria were as follows: 
i)  Illness was considered too severe for participation and 
ii)  patient presented with other cancer types. Esophageal 
cancer tissues and paracancerous tissues were surgically 
resected. Clinical indexes and follow‑up data were collected 
for further analyses. The median level of LINC00488 [using 
reverse transcription‑quantitative (RT‑q)PCR] in the collected 
esophageal cancer tissues was calculated and served as the 
cut‑off value, and thus divided esophageal cancer patients into 
high (n=16) and low (n=29) LINC00488 expression group, 
respectively. The patients' prognoses were determined based on 
the clinical follow‑up data obtained from the patients' medical 
records, and the overall survival was measured from the day 
of surgery. Signed written informed consent was provided by 
all participants before the study. The study was approved by 
The Ethics Committee of Lu'an Affiliated Hospital of Anhui 
Medical University (Lu'an, China).

Bioinformatics methodology. Potential targets of LINC00488 
were identified using miRDB (http://mirdb.org/) (63 genes), 
TargetScan (http://www.targetscan.org/) (113  genes) and 
Starbase (http://starbase.sysu.edu.cn/) (83 genes). At last, five 
common genes (miRNA‑485‑5p, miR‑10a, ‑200c, ‑22 and ‑141) 
were selected from these three databases for further analysis.

Cell culture. Esophageal cancer cells (OE19, OE33, TE‑1 
and EC‑109 cell lines) and human esophageal epithelial cells 
(HEECs) were purchased from The American Type Culture 
Collection. Cells were cultured in Dulbecco's Modified Eagle 
Medium (DMEM) containing 10% fetal bovine serum (FBS) 
(Gibco; Thermo Fisher Scientific, Inc.) and maintained in a 
37˚C in a 5% CO2 incubator.

Transfection. Transfection plasmids were provided by 
Shanghai GenePharma Co., Ltd. Cells seeded in the 6‑well 
plates (1x105/ml) were transfected using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) at 
70% of conf luence. Negative control (NC) inhibitor 
(50 nM), miRNA‑485‑5p inhibitor (50 nM), LINC00488 
short hairpin (sh)RNA (50  nM) and the corresponding 
non‑targeting control empty vectors (50  nM) were 
purchased from Invitrogen; Thermo Fisher Scientific, Inc. 

siRNA at the concentration of 50 nM was added to each 
well and then incubated at 37˚C for 48 h. The vector was 
used to transfect into the cells using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). After 48 h, 
cells were harvested for verification of transfection efficacy 
and subsequent experiments.

Cell Counting Kit (CCK)‑8. Cells were seeded in the 96‑well 
plate with 2x103 cells per well. At 6, 24, 48 and 72 h, absor‑
bance value at 450 nm of each sample was recorded using the 
CCK‑8 (Dojindo Molecular Technologies, Inc.) for plotting the 
viability curves.

Transwell migration assay. Cells were adjusted to a dose of 
2.0x105/ml. In total, a 200‑µl suspension was added in the upper 
side of Transwell chamber (EMD Millipore) and inserted in a 
24‑well plate. In the bottom side, 700 µl DMEM containing 
10% FBS was applied. After 48 h of incubation, cells migrated 
to the bottom side were fixed at  37˚C in 100% methanol 
for 15 min, dyed at 37˚C with crystal violet for 20 min and 
counted manually using a light microscope (BX‑42; Olympus 
Corporation). The number of migratory cells were counted in 
five randomly selected fields per sample (magnification, x10).

Wound healing assay. Cells were seeded in a 24‑well plate 
with a density of 5.0x105 cells/well. After cell adherence (0 h), 
an artificial wound was created in the confluent cell monolayer 
using a 200‑µl pipette tip. Images of wound closure were 
captured at 0 and 24 h using an inverted light microscope 
(magnification, x4). The percentage of wound closure was 
calculated.

Reverse transcription‑quantitative (RTq)‑PCR. Total RNA 
was extracted from cells using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), purified by DNase I treat‑
ment (Invitrogen; Thermo Fisher Scientific, Inc.), and reverse 
transcribed at 50˚C 40 min into complementary (c)DNA using 
Primescript RT Reagent (Takara Bio, Inc.). The obtained cDNA 
was subjected to qPCR using SYBR®Premix Ex Taq™ (Takara 
Bio, Inc.). GAPDH and U6 were used as internal references. 
Each sample was performed in triplicate, and relative RNA 
levels were calculated using the 2‑ΔΔCq method (22). Primer 5.0 
(Olympus Corporation) was used for designing RT‑qPCR 
primers. The sequences were as follows: LINC00488, 
Forward: 5'‑ATC​AGG​GAA​GTC​AGA​GCC​CA‑3' and reverse: 
5'‑ACT​CAC​CAT​GAT​GGG​ACT​GC‑3'; GAPDH, Forward: 
5'‑CGC​TCT​CTG​CTC​CTC​CTG​TTC‑3' and reverse: 5'‑ATC​
CGT​TGA​CTC​CGA​CCT​TCA​C‑3'; miR‑485‑5p, forward: 
5'‑GGT​TAC​TAA​AGT​CCG​TCG​GAC​GTG‑3' and reverse: 
5'‑GAT​TAC​GCT​CAT​GAT​CGA​AC‑3'; miR‑10a, forward: 
5'‑CTG​GAA​AAT​TTC​TGG​GCC​AA‑3' and reverse: 5'‑CCA​
GAC​TGT​CCT​CAT​TCA​GAA​AAA‑3'; miR‑200c, forward: 
5'‑AAC​AAG​TAA​TAC​TGC​CGG​GTA​ATG​A‑3' and reverse: 
5'‑CAG​TGC​AGG​GTC​CGA​GGT‑3'; miR‑22, forward: 5'‑CTC​
AAC​TGG​TGT​CGT​GGA​GTC​GGC​AAT​TCA​GTT‑3' and 
reverse: 5'‑ACA​CTC​CAG​CTG​GGA​AGC​TGC​CAG​TTG​AAG​
AA‑3'; miR‑141, forward: 5'‑AAG​ACG​TAC​TCA​GGC​CAT​
GTC​C‑3' and reverse: 5'‑GAC​CCA​AAT​GTC​GCA​GTC​AG‑3'; 
U6, forward: 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and reverse: 
5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'.
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Luciferase assay. Cells were co‑transfected with pmirGLO‑ 
LINC00488‑WT/pmirGLO‑LINC00488‑MUT/pmirGLO and 
NC mimic/miRNA‑485‑5p mimic (Invitrogen; Thermo Fisher 
Scientific, Inc.). Luciferase assay was conducted 48 h after 
transfection using a Dual Luciferase Reporter Assay system 
(Promega Corporation). Firefly luciferase activity was standard‑
ized to Renilla luciferase activity (Thermo Fisher Scientific, 
Inc.). There times experiments were conducted for each assay.

Statistical analyses. SPSS version 22.0 (IBM Corp) was used 
for data analyses. Data are expressed as mean ± standard devi‑
ation, unless otherwise shown. Comparison between multiple 
groups was performed using one‑way ANOVA test followed 
by Tukey's post hoc test. Kaplan‑Meier analysis with log‑rank 
or and Cramer‑von Mises tests were used for survival analysis 
as appropriate. The correlation between LINC00488 level and 
miR‑485‑5p was analyzed using Pearson's correlation. χ2 or 
Fisher's exact tests were performed to evaluate the association 
between LINC00488 levels and clinical indexes of patients 
with esophageal cancer. P<0.05 was considered to indicate a 
statistically significant difference.

Results

LINC00488 is highly expressed in esophageal cancer tissues 
and cell lines. In total, 45 esophageal cancer tissues and 
matched paracancerous tissues were collected. RT‑qPCR 
data showed higher abundance of LINC00488 in esophageal 
cancer tissues compared with normal tissues (Fig. 1A and B). 
Similarly, LINC00488 was upregulated in esophageal cancer 

cells compared with that in HEECs (Fig. 1C). In particular, 
OE19 and OE33 cells expressed the highest level of LINC00488 
among the selected esophageal cancer cell lines, which were 
chosen for subsequent experiments.

LINC00488 expression is associated with lymphatic and 
distant metastasis and overall survival in patients with 
esophageal cancer. Clinical indexes and follow‑up data of 
patients with esophageal cancer were recorded. Based on the 
median level of LINC00488, patients were divided into low 
expression and high expression groups. χ2 tests revealed that the 
LINC00488 level was associated with lymphatic and distant 
metastasis, but not with age, sex or TNM stage (Table I). In 
addition, Kaplan‑Meier curves illustrated worse prognosis in 
patients with high expression of LINC00488 compared with 
those with low expression (P<0.05) (Fig. 1D).

Knockdown of LINC00488 suppresses proliferation and 
migration. To determine the biological role of LINC00488 
in esophageal cancer,  th ree LINC00488 shRNAs 
were constructed. Transfection of sh‑LINC00488‑1, 
sh‑LINC00488‑2 or sh‑LINC00488‑3 signif icantly 
downregulated LINC00488 levels in OE19 and OE33 
cells compared with sh‑NC (Fig.  2A). sh‑LINC00488‑1 
presented the best transfection efficacy and was selected for 
the following experiments. Viability was markedly reduced 
after transfection of sh‑LINC00488‑1 in esophageal cancer 
cells compared with sh‑NC at  days  3  and  4 (Fig.  2B). 
The Transwell assay revealed migration was attenuated 
after silencing LINC00488 expression in OE19 and 

Figure 1. Upregulated LINC00488 in esophageal cancer predicts poor prognosis. LINC00488 level in (A) esophageal cancer tissues and adjacent normal 
tissues, (B) 16 paired esophageal cancer tissues and paracancerous tissues and (C) in HEEC, TE‑1, EC‑109, OE19 and OE33 cells. (D) Kaplan‑Meier curves 
for survival in patients with esophageal cancer with low and high LINC00488 expression. Data are expressed as mean ± SD. *P<0.05, **P<0.01 and ***P<0.001 
vs. respective control. HEEC, human esophageal epithelial cells.
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OE33 cells compared with sh‑NC (Fig.  2C). Similarly, 
wound closure was decreased following transfection 
with sh‑LINC00488‑1, further suggesting the attenuated 
migration of LINC00488‑silenced cells (Fig. 2D).

Low miRNA‑485‑5p expression in esophageal cancer tissues 
and cell lines. Potential targets of LINC00488 were identi‑
fied using miRDB (63 genes), TargetScan (113 genes) and 
Starbase (83 genes). At last, there were five common genes 
(miRNA‑485‑5p, miR‑10a, ‑200c, ‑22 and ‑141) selected from 
the three databases (Fig. 3A). Transfection of sh‑LINC00488‑1 
upregulated miRNA‑485‑5p, miR‑10a, miR‑22 and miR‑141. 
miRNA‑485‑5p was the most significantly upregulated by 
transfection of sh‑LINC00488‑1 (Fig.  3B). In esophageal 
cancer tissues and cells, miRNA‑485‑5p was markedly down‑
regulated (Fig. 3C and D). A negative correlation between 
expression levels of miRNA‑485‑5p and LINC00488 in esoph‑
ageal cancer tissues was identified (r=0.748; P<0.05; Fig. 3E). 
Kaplan‑Meier curves illustrated significantly worse prognosis 
in patients expressing low levels of miRNA‑485‑5p compared 
with those with high levels (P<0.05) (Fig. 3F). In addition, 
bioinformatics analysis reported that miR‑485‑5p could bind 
to LINC00488 mutant and wild‑type sequences. The luciferase 
reporter gene experiment demonstrated decreased luciferase 
activity after co‑transfection of miRNA‑485‑5p mimic and 
wild‑type LINC00488 vector, confirming the binding between 
miRNA‑485‑5p and LINC00488 (Fig. 3G).

LINC00488 regulates esophageal cancer cells by targeting 
miRNA‑485‑5p. A series of rescue experiments were 
conducted to clarify the interaction between LINC00488 and 
miRNA‑485‑5p in esophageal cancer. Firstly, miRNA‑485‑5p 
levels were decreased after co‑transfection of sh‑LINC00488‑1 

and miRNA‑485‑5p inhibitor in OE19 and OE33 cells compared 
with those with LINC00488‑knockdown (Fig.  4A). The 
decreased proliferation rate owing to LINC00488‑knockdown 
was reversed by silencing miRNA‑485‑5p (Fig. 4B). Notably, 
reduced migratory cell number and wound closure percentage 
owing to LINC00488‑knockdown were also reversed by 
silencing miRNA‑485‑5p expression (Fig. 4C and D). As a 
result, LINC00488 regulated the proliferation and migration 
of esophageal cancer cells by targeting miRNA‑485‑5p.

Discussion

Esophageal malignancy ranks eighth among cancer deaths 
worldwide. It is estimated that just over 450,000 new cases 
of esophageal cancer were diagnosed in 2012, with around 
400,000 deaths attributable to this condition in the same 
year. There is a significant difference between developed 
and developing nations with respect to esophageal cancer 
incidence; it ranks 13th among all malignancies in the United 
States compared with 8th worldwide (1‑3). The traditional 
TNM staging system is unable to predict risk stratification 
and estimate clinical outcomes of patients (4‑6). Therefore, 
it is necessary to identify novel hallmarks to predict the 
survival of patients with esophageal cancer (7,8). lncRNAs 
are functional non‑coding RNAs involved in a variety of 
biological processes, including methylation and acetylation of 
DNA (9‑11). They exert key regulatory roles in these processes 
through transcription, post‑transcriptional and epigenetic 
mechanisms (12). Abnormally expressed lncRNAs have been 
observed in multiple types of tumors, such as esophageal and 
lung cancer, which affect the migration and invasion of tumor 
cells by targeting tumor‑related genes and pathways (13‑15). 
Due to the development of second‑generation sequencing 

Table I. Association of LINC00488 expression with clinicopathological characteristics of esophageal cancer.

	 LINC00488 expression, %
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameters 	 Number of cases	 Low	 High	 P‑value

Age, years				    0.502
  <60	 17	 12	 5	
  ≥60	 28	 17	 11	
Sex				    0.072
  Male	 12	 4	 8	
  Female	 23	 15	 8	
T stage				    0.309
  T1‑T2	 27	 19	 8	
  T3‑T4	 18	 10	 8	
Lymph node metastasis				    0.040
  No	 30	 23	 7	
  Yes	 15	 8	 9	
Distance metastasis				    0.010
  No	 35	 26	 9	
  Yes	 10	 3	 7	

T, tumor.
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technology, lncRNAs have become a focus of research 
and a growing number of lncRNAs have been identified in 
esophageal cancer (15).

lncRNAs are classified into antisense lncRNAs, 
intronic transcripts, large intergenic non‑coding RNAs, 
promoter‑associated lncRNAs and UTR‑associated 
lncRNAs (9‑12). LINC00488 exerts a carcinogenic role in 
tumors and studies have reported upregulated LINC00488 in 
numerous types of malignant tumors, contributing to tumor 
cell proliferation (16‑18). In the present study, LINC00488 was 
upregulated in esophageal cancer tissues and cell lines. A high 
level of LINC00488 was closely associated with lymphatic 
and distant metastasis and poor prognosis in esophageal 
cancer. Silencing LINC00488 attenuated the proliferative and 

migratory potentials of OE19 and OE33 cells. Consistently, 
these results demonstrated the oncogenic role of LINC00488 
in esophageal cancer.

lncRNAs exert regulatory functions through the 
following mechanisms: i)  Transcriptional coactivators, 
ii) formation of an epigenetic complex regulatory genome, 
iii) competition for endogenous RNA or miRNA sponging, 
iv) interference with mRNA translation and v) transcription 
factors  (18‑20). lncRNA and some epigenetic modifica‑
tion complexes can interact with the whole genome, 
suggesting that dysregulated lncRNAs can affect the ability 
of epigenetic modification complexes to regulate genome 
and gene expressions (21,22). Therefore, dysregulation of 
specific lncRNAs may lead to epigenetic changes, including 

Figure 2. Knockdown of LINC00488 suppresses proliferation and migration. (A)  Transfection efficacy of sh‑LINC00488‑1, sh‑LINC00488‑2 or 
sh‑LINC00488‑3 in OE19 and OE33 cells. (B) Viability in OE19 and OE33 cells transfected with sh‑NC or sh‑LINC00488‑1. (C) Migratory cell number in 
OE19 and OE33 cells transfected with sh‑NC or sh‑LINC00488‑1. (D) Wound closure in OE19 and OE33 cells transfected with sh‑NC or sh‑LINC00488‑1. 
Data are expressed as mean ± SD. *P<0.05 and **P<0.01 vs. sh‑NC. sh, short hairpin; NC, negative control.RETRACTED
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altered DNA methylation and dysregulation of downstream 
genes (18‑22). The present study identified potential targets 
of LINC00488 using miRDB, TargetScan and Starbase, 
and miRNA‑485‑5p was selected for fur ther study. 
miRNA‑485‑5p was downregulated in esophageal cancer 
and its low level predicted a poor prognosis in patients 

with esophageal cancer. In addition, miRNA‑485‑5p level 
was negatively correlated with LINC00488 using Pearson's 
correlation. Rescue experiments showed that knockdown 
of miRNA‑485‑5p reversed the attenuated proliferative 
and migratory potentials of esophageal cancer cells with 
LINC00488‑knockdown. However, several limitations of 

Figure 3. Low miR‑485‑5p expression in esophageal cancer tissues and cell lines. (A) Potential targets of LINC00488 predicted using miRDB, TargetScan and 
StarBase. (B) Relative levels of the five predicted targets (miR‑485‑5p, miR‑10a, ‑200c, ‑22 and ‑141) in OE19 cells transfected with sh‑NC or sh‑LINC00488‑1. 
miR‑485‑5p level in (C) esophageal cancer tissues and adjacent normal tissues and (D) HEEC, TE‑1, EC‑109, OE19 and OE33 cells. (E) Pearson's correlation 
analysis showed a negative correlation between expression levels of miR‑485‑5p and LINC00488. (F) Kaplan‑Meier analysis showed significantly worse prog‑
nosis in patients with esophageal cancer with lower levels of miRNA‑485‑5p. (G) Bioinformatics analysis and luciferase reporter gene experiment confirmed 
the binding between miRNA‑485‑5p and LINC00488. Data are expressed as mean ± SD. *P<0.05, **P<0.01, ***P<0.001 vs. respective control. miR, microRNA; 
WT, wild‑type; MUT, mutant; UTR, untranslated region.
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the present study should be taken into consideration. The 
binding site for miRNA‑485‑5p on LINC00488 was not 
identified to further verify the interaction between them. 
Notably, further animal and high‑quality clinical studies 
are needed to provide more comprehensive understanding 
of the association between LINC00488, miRNA‑485‑5p 
and esophageal cancer in the future.

Overall, the present study demonstrated that LINC00488 
is upregulated in esophageal cancer, which is associated with 
lymphatic and distant metastasis and poor prognosis. As a 
result, LINC00488 aggravated the progression of esophageal 
cancer by targeting miRNA‑485‑5p.
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