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Introduction

Esophageal cancer is one of the most prevalent malignant 
tumors with high morbidity and mortality, and it ranks as 
the sixth-leading cause of tumor-relevant death in the world 
(1-3). As a general common sense, esophageal cancer is 
mainly divided into esophageal squamous cell carcinoma 

(ESCC) and esophageal adenocarcinoma (4,5). China has 
one of the world’s highest incidence rates of this disease 
due to various factors, including diet, environment and 
modern life-styles (6,7). It is hard to achieve satisfactory 
therapeutic effect by using traditional treatments such as 
chemotherapy, radiation therapy, surgical treatment, and 
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comprehensive treatment for esophageal cancer (8-10). In 
addition, the reported recurrence rate of this carcinoma was 
larger than 40%, and its 5-year survival rate was 20–30% 
for patients received traditional treatments (11,12). The 
pathology of esophageal cancer is complicated that involves 
a series of physiological changes including abnormal 
proliferation, metastasis, invasion and apoptosis of cells 
(13,14). It is universality accepted that the major cause of 
cancer-related death is complications resulting from tumor 
metastasis (15,16). Hence, there is an urgent need for novel 
therapeutic strategies for esophageal cancer treatment (17). 

Long non-coding RNAs (lncRNAs) are transcribed 
molecules with a length over 200 nucleotides, but 
are not protein-coding (18,19). LncRNAs, had been 
proved to involved in multiple life proceed, such as cell 
proliferation, migration and apoptosis (18,20,21). Based 
on the importance of lncRNAs in biological processes, we 
investigated the lncRNA DANCR. It was reported that 
DANCR could inhibited the epidermal cells’ differentiation 
and played an important role in maintaining stem cell 
properties of hepatocellular carcinoma (HCC) cells (22,23). 
However, the biological roles and influences of DANCR in 
esophageal cancer have not been indicated yet. In this study, 
we detected the expression of DANCR in ESCC tissues 
and ESCC ECA109 cell. We also analyzed the regulatory 
mechanisms of DANCR on proliferation, migration, invasion, 
apoptosis and cell cycle of ECA109 cells in vitro. Our results 
indicated that DANCR could have potentially beneficial 
effects on preventing the metastasis of ESCC, thus providing a 
necessary experimental basis for further clinical research.

Methods

Patients and tissue specimens

In the study, total 32 patients with ESCC were recruited in 
the Affiliated Hospital of Nantong University from 2015 
to 2016. All diagnoses were based on histopathological 
evidence. All patients were not received preoperative 
treatments for cancer, such as radiotherapy, chemotherapy 
or immunotherapy. All fresh tissues (ESCC tissues and 
adjacent tissues) after surgical separation were immediately 
washed with sterile phosphate-buffered saline (PBS) before 
stored at −80 ℃ until total RNA was extracted. This study 
was approved ethically by the Committee of Affiliated 
Hospital of Nantong University (No. 2015-070). All 
patients were notified consent for the use of their tissues for 
scientific research. 

Cell culture and cell transfection

The human ESCC cell lines ECA109 and TE-1 were 
supplied by the cell resource center of Shanghai institute 
for biological sciences, Chinese Academy of Sciences. Cell 
culture was performed in DMEM high glucose Medium 
(ThermoFisher Scientific, Waltham, MA, USA) added 
with 10% fetal calf serum (FCS) (GIBCO, Carlsbad, 
CA, USA) and 100 U/mL penicill in-streptomycin 
mixture (Beyotime Institute of Biotechnology, Haimen, 
China) in CO2 incubator 5% CO2 at 37 ℃ .  SiRNA 
targeting DANCR (siDANCR) was synthesized by 
RiboBio company (Guangzhou, China). The applied 
s iRNA sequences  for  DANCR were  a s  fo l lows : 
5'-UCGGAGGUGGAUUCUGUUA-3' (sense) and 
5'-UUUCUGUUUCCUCCUCCGU-3' (antisense). Cells 
were transfected with 100 nM negative control (NC) siRNA 
(scramble) (siDANCR-NC) or siRNA targeting DANCR 
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).

RNA extraction and quantitative real-time PCR  
(qRT-PCR)

The Trizol reagent (ThermoFisher Scientific, Carlsbad, 
CA) was used to extract the total RNA from ESCC 
tissues, adjacent normal tissues, ECA109 cells and TE-1 
cells in accordance with the operation manual. Then, 
total RNA was reverse transcripted using a Reverse 
Transcription Kit (ThermoFisher Scientific, Waltham, 
MA, USA). Based on the operation manual, qRT-
PCR with the SYBR Green Master Mixture (Roche, 
Basel, Switzerland) was used to analyze the expression 
of  DANCR in  ESCC t i s sues  and ESCC ce l l s  in 
triplicate. Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as a quantitative normalization. 
The sequences of primers were described as below:  
5'-GCGCCACTATGTAGCGGGTT-3' (upstream for DANCR), 
5'-TCAATGGCTTGTGCCTGTAGTT-3' (downstream for 
DANCR), 5'-AGAAGGCTGGGGCTCATTTG-3' (upstream 
for GAPDH) and 5'-AGGGGCCATCCACAGTCTTC-3' 
(downstream for GAPDH). Each sample was evaluated 
in triplicate and then used for the analysis of the relative 
transcription data using the 2−ΔΔCT method. 

MTT assay

ECA109 cells were seeded into 96-well plates in triplicate 
at a density of 5×103 cells per well. Cell viability was tested 
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using MTT assay (Beyotime Institute of Biotechnology, 
Haimen, China) 48 h after transfected with 100 nmol 
siDANCR or 100 nmol siDANCR-NC. Three replicates 
for each group. Each well was added with 10 µL MTT 
solution (5 mg/mL) and 100 µL DMEM medium with 
10% FCS, continuously further incubation for 4 h at  
37 ℃. The culture medium was then replaced with 100 µL  
of DMSO (Sigma, St. Louis, MO, USA). The optical 
density (OD) was measured at 570 nm by ELX-800 
microplate reader (BioRad, Hercules, CA, USA) after 
crystal was fully dissolved. 

Wound healing assay

Cells were seeded into 24-well plates after transected. 
Scratch wounds were manipulated with the tip of a 100 µL  
pipette to scrub the cell using when the cell density 
reached above 90%. Then the cells were washed twice 
with 0.01% PBS and fresh serum-medium was added to 
further incubation at 37 ℃ and 5% CO2. Photos were taken 
randomly at 0, 24 and 48 h using microscopy to evaluate 
the ability of cell migration. Independent experiments were 
repeated three times.

Cell migration and invasion assay

For the migration assay,  cells  were collected and 
resuspended in DMEM and then 200 µL suspension  
(105 cells) was placed in Transwell chambers (CORNING, 
Corning, NY, USA) in 24-well plates 48 h after transfected. 
The lower chamber was added with 500 µL DMEM media 
supplemented with 10% FCS. After culture for 24 h, the 
cells in the upper surface were wiped out using cotton 
swabs. However, the cells in the lower surface were fixed 
with 4% paraformaldehyde (PFA), and stained with 0.1% 
crystal violet (Beyotime Institute of Biotechnology, Haimen, 
China) for 40 min. The cells in the lower surface were 
just migrated cells. During the invasion test, firstly 50 µL  
Matrigel matrix was added into the upper surface before 
adding the cells and other conditions were the same as the 
migration assay described above. We counted five randomly 
selected fields to calculate the average cell number in 
triplicate.

TUNEL assay

ECA109 cells were seeded into 24-well plates with glass 
coverslips with 5×104 in each well 48 h after transfected. 

Cells were fixed with 4% PFA fixation solution for 20 min at 
15–25 ℃ after incubation for 24 h, and washed 30 min with 
0.01% PBS. After that, cells were incubated with blocking 
solution for 10 min at 15–25 ℃. Coverslips were rinsed with 
0.01% PBS twice and incubated in permeabilization solution 
for 2 min on ice. The total volume (5 µL) of enzyme 
solution was added to the remaining 45 µL label solution to 
obtain 50 µL TUNEL (Roche, Basel, Switzerland) mixture 
for each coverslip, and mix well to equilibrate components. 
Coverslips were allowed to incubate with it for 1 h at 
37 ℃. Finally, they were incubated with Hoechst 33258  
(Sigma-Aldrich, St. Louis, MO) for 10 min followed by 
examination under a fluorescence microscope (Zeiss, 
Oberkochen, Germany). 

Flow cytometry (FCM) assay

Cells were collected after transected and washed with 0.01% 
PBS twice. Afterwards, 195 µL binding buffer was added to 
resuspend the cells, and 5 µL of Annexin V-FITC and 10 µL 
propidium iodide (PI) (Beyotime Institute of Biotechnology, 
Haimen, China) was added to staining. The staining process 
was undergone in dark at room temperature for 10–20 min. 
Then, fluorescence of FITC and PI was detected by FCM 
(FACSCalibur, BD Bioscience, Franklin Lakes, NJ, USA). 
Macquit software (BD Bioscience, Franklin Lakes, NJ, 
USA) was used to analyze the data.

Statistical analysis

All data were analyzed using SPSS 17.0 (IBM Analytics, 
New York, NY, USA) and GraphPad Prism 5. The 
quantitative date was showed as means ± standard deviation 
(SD). One-way ANOVA and t-test was used to analyze the 
difference. P<0.05 was defined as statistically significant. 

Results

The expression of lncRNA DANCR is increased in ESCC 
tissues

The expressions of lncRNA DANCR in ESCC tissues, 
adjacent tissues and ESCC cells were tested by qRT-PCR. 
The results of qRT-PCR analysis indicated that the relative 
expression of lncRNA DANCR was notably higher in 
ESCC tissues and ESCC cells than that in adjacent tissues 
(P=0.047, P<0.05). And the relative expression of DANCR 
in ECA109 cells was highest. As shown in Figure 1. So, the 
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ECA109 cells were selected to use in following experiments. 

LncRNA DANCR promotes cell proliferation

In order to explore the biological effect of lncRNA 
DANCR on the ESCC cells, the ECA109 cell were 
transfected with siDANCR to knock down the expression 

of DANCR. Firstly, the expression changes of DANCR 
after transfection were analyzed by qRT-PCR. As shown in 
Figure 2, compared to the blank and siDANCR-NC groups, 
the expression of DANCR in the siDANCR transfection 
group was remarkably lower (P<0.01). The result suggested 
that the DANCR expression was significantly down-
regulated after the successful siRNA transfection.

Secondly, we examined the influence of lncRNA 
DANCR on cell proliferation. MTT assay was performed 
to detect the effect of DANCR on the viability of ECA109 
cells transfected with siDANCR. The viability in siDANCR 
transfection group approximately decreased 30%, compared 
to blank (P=0.044, P<0.05) or siDANCR-NC group 
(P=0.046, P<0.05). Meanwhile, significant difference 
between blank and siDANCR-NC groups did not exist 
(P>0.05). As shown in Figure 3, the result indicated that the 
viability of ECA109 cell could be inhibited by the down-
regulated expression of DANCR. 

Next, the influence of DANCR on the cell cycle of 
ECA109 cells was further tested by FCM assay. The results 
of FCM assay revealed that the percent of S phase was 
significantly reduced in siDANCR transfection group, 
compared to blank or siDANCR-NC group (P<0.01). 
However, G1 phase was notably increased in siDANCR 
transfection group (P<0.01). As shown in Figure 4, notable 
difference of S phase, G1 phase and G2 phase between the 
blank and siDANCR-NC groups did not exist (P>0.05). 
The ECA109 cells treated with siDANCR were arrested 

Figure 1 The relative expression of lncRNA DANCR in 
esophageal squamous cell carcinoma (ESCC) tissues, adjacent 
normal tissues and ESCC cell line was tested by qRT-PCR 
analysis. *, P<0.05 and **, P<0.01 versus adjacent normal tissues.

Figure 2 The relative expression of lncRNA DANCR was tested 
by qRT-PCR in ECA109 cells treated with siRNA transfection. **, 
P<0.01 versus blank group. siDANCR, siRNA targeting DANCR; 
siDANCR-NC, siRNA negative control (scramble) for DANCR.

Figure 3 The cell viability was measured by MTT assay in 
ECA109 cells transfected with siRNA. *, P<0.05 versus blank 
group. siDANCR, siRNA targeting DANCR; siDANCR-NC, 
siRNA negative control (scramble) for DANCR. 
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in G1 phase, and knocking down DANCR could reduce 
the proliferation and the mitosis of ECA109 cells by 
approximately 15%. 

LncRNA DANCR promotes cell migration and invasion

Cell migration and invasion is a central process in the 
evolution and progression of tumor. Wound healing 
assay and Transwell chamber were used to investigate the 
influence of DANCR on the cell migration and invasion 
of ECA109 cells. The cell motility of ECA109 cell treated 
with siDANCR transfection for 24 and 48 h were reduced 
70.43% and 69.54% respectively, compared to blank or 
siDANCR-NC group (P<0.01) in wound healing assay. It 
was shown in Figure 5. 

To further confirm the effect of DANCR on migration 
and invasion of ECA109 cells, Transwell chamber assays were 
undergone. The cells transferred from the upper chamber 

into the lower chamber indicated the migrated/invasive cells. 
The numbers of transferred cells in the DANCR interference 
group were notably fewer than that in the blank and 
siDANCR-NC groups (P<0.01) by approximately 30%. The 
results of Transwell assay were showed in Figure 6. Taken 
together, knock-down of DANCR could efficiently repress 
the migration and invasion of ECA109 cells.

LncRNA DANCR inhibits cell apoptosis

The TUNEL immunofluorescence staining was used 
to determine the effect of DANCR on the apoptosis of 
ECA109 cells. The results demonstrated that the positive 
rate of TUNEL staining was approximately 10% in 
siDANCR transfection group, which was significantly 
higher than that of blank (P=0.022, P<0.05) and siDANCR-
NC group (P=0.028, P<0.05). As shown in Figure 7. The 
result of TUNEL staining indicated that down-regulation 

Figure 4 The cell cycle was analyzed by flow cytometry (FCM) assay in ECA109 cells transfected with siRNA. *, P<0.05 and **, P<0.01 
versus blank group. siDANCR, siRNA targeting DANCR; siDANCR-NC, siRNA negative control (scramble) for DANCR.
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DANCR promoted apoptosis of ECA109 cells.

Discussion

As one of the most endemic cancers in China, esophageal 
carcinoma has relatively poor prognosis with high relapse 
and invasion rates (24-26). Although the patients with 

esophageal cancer received continuous treatments like 
radiotherapy and chemotherapy, the 5-year recurrence 
rate of this disease remained high. It is not only the 
challenge but also the focus in cancer research now (27,28). 
Furthermore, gene therapy recently becomes a hot topic 
in cancer research (9,29). Researches about proliferation, 
invasion and migration that regulated by esophageal cancer 

Figure 5 The cell migration was analyzed by wound healing assay in ECA109 cells transfected with siRNA. **, P<0.01 versus blank group. 
siDANCR, siRNA targeting DANCR; siDANCR-NC, siRNA negative control (scramble) for DANCR.
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related genes also attract lots of attention (30,31). In view of 
this phenomenon, explore new molecule targets on tumor is 
necessary (32-34).

LncRNAs, its transcripts over 200 nucleotides, had 
been proved to involve in multiple life proceed, such as 
transcriptional regulation and posttranscriptional regulation 
(35-37). The latest proofs showed that lncRNAs acted as 
vital parts in tumor growth or metastasis, and may work as 
predict markers (18,38). Jia et al. suggested that lncRNA 
DANCR could promote the invasion of prostate cancer 
by down-regulating TIMP2/3 (39). Previously, it was 
reported that lncRNA DANCR was up-regulated and 

increased the stem cell properties of liver cancer cells by the 
depression of CTNNB1 (23). Previous studies also showed 
that the down-regulation of DANCR suppressed the 
proliferation of many types of cancer cells including liver 
cancer, prostate cancer, colorectal cancer, etc., and induced 
differentiation or apoptosis of those tumor cells (23,40,41). 
So far, the expression and effect of lncRNA DANCR in 
ESCC on tumor growth and metastasis are still unknown. 
Additionally, identifying the molecular mechanisms of 
tumorigenesis is still a remarkable challenge.

Firstly, the expression of DANCR in ESCC tissues and 
cells was measured by qRT-PCR. Secondly, the biological 

Figure 6 The cell migration/invasion was analyzed by Transwell assay in ECA109 cells transfected with siRNA (×100). **, P<0.01 versus 
blank group. siDANCR, siRNA targeting DANCR; siDANCR-NC, siRNA negative control (scramble) for DANCR.
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roles of DANCR were investigated by various methods. We 
took ESCC cell line ECA109 cells as a research object. Our 
results revealed that the expression of lncRNA DANCR 
in ESCC tissues and cell lines was notably up-regulated, 
indicating that DANCR might take part in modulating the 
tumorigenesis and progression of ESCC.

The proliferation of cancer cells is the critical role 
during the development of esophageal carcinoma. It 
was discovered that DANCR expressed in esophageal 
cancer cells, and importantly, DANCR ectopic expression 
promoted proliferation and metastasis of ESCC. Migration 
and invasion of cancer cells result in a malignant phenotype. 

Figure 7 The cell apoptosis was tested by TUNEL staining in ECA109 cells transfected with siRNA (×200). *, P<0.05 versus blank group. 
siDANCR, siRNA targeting DANCR; siDANCR-NC, siRNA negative control (scramble) for DANCR.
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Our results showed that besides the down-regulation 
of DANCR significantly suppressed cell proliferation, 
and inhibited migration and invasion, and promoted cell 
apoptosis. However, the down-regulation of DANCR 
significantly promoted apoptosis.

Collectively, DANCR promotes the proliferation, 
invasion, and migration of ECA109 cells. It could work 
as a predict biomarker and potential therapeutic target in 
ESCC. But, there was a limitation that there was no data 
of in vivo examination and mechanisms in this study. Our 
results support the theory that silencing of DANCR could 
have potential beneficial effects on the prognostic and 
therapy for ESCC in the future. 
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