
Summary. This study aimed to investigate the function
of long non-coding RNA FOXD2 adjacent opposite
strand RNA 1 (lncRNA FOXD2-AS1) during the
progression of esophagus cancer (EC) and explore its
underlying molecular mechanisms. The level of
FOXD2-AS1 in EC tissues and paracancerous tissues
was detected by using RT-qPCR; ROC curve was used to
evaluate the diagnostic value of FOXD2-AS1 for EC. In
addition, CCK8 assay and immunofluorescence staining
assay were used to detect the proliferation of Eca-109
and TE-1 cells. To investigate the function of FOXD2-
AS1 on cell apoptosis and cell cycle, flow cytometry
was performed. To detect the invasion ability of EC
cells, transwell invasion assay was performed.
Starbase3.0 and Targetscan were used to predict the
target genes of FOXD2-AS1 and miR-145-5p, and
protein expressions were detected with western blot. We
found FOXD2-AS1 was significantly upregulated in EC
tissues compared with adjacent normal tissues, which
was positively correlated with clinicopathological
parameters of patients with EC. Downregulation of
FOXD2-AS1 inhibited the proliferation and invasion by
inducing apoptosis of EC cells. Moreover, FOXD2-AS1
may regulate the expression of CDK6 by targeting miR-
145-3p. Meanwhile, silencing of FOXD2-AS1 caused
G1 phase arrest of EC cells by reducing the expression

of CDK6. In conclusion, silening FOXD2-AS1
significantly inhibited the proliferation and invasion of
EC cells by regulating the miR-145-5p/CDK6 axis.
Therefore, FOXD2-AS1 might be used as diagnostic
biomarker and therapeutic target for EC.
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Introduction

Esophagus cancer (EC) is the sixth leading cause of
cancer related death around the world with high
morbidity rate, and the number of deaths has increased
by 500% during the last 30 years (Hagen et al., 2012;
Parry et al., 2017). Although great advances have made
on the technologies of chemotherapy, radiotherapy and
surgery, the 5 year survival rate of patients with EC
remains low (Yu-Suo et al., 2015). Thus, it is urgent to
investigate the molecular mechanisms of EC with the
purpose of diagnosing and treating EC.

Long-noncoding RNAs (LncRNAs) are a class of
RNAs with a length of more than 200 nucleotides.
Emerging evidence has demonstrated that lncRNAs
played essential roles in the onset and progression of a
variety of cancers by regulating expression of genes
(Wang and Chang, 2011; Hu et al., 2018). What’s more,
it has been demonstrated that lncRNAs could be used as
molecular targets for diagnosis, therapy and prognosis in
a number of cancers (Silva et al., 2015; Chandra Gupta
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and Nandan Tripathi, 2017). For example, focally
amplified lncRNA on chromosome1 (FALEC) was
upregulated in the blood plasma of patients with cervical
cancer, and overexpression of FALEC enhanced the
proliferation and invasion of HeLa cells. In addition,
FALEC could be used as a biomarker for diagnosis and
prognosis of cervical cancer (Li et al., 2020). LncRNA
HOXA-AS2, an oncogene, was up-regulated in non-
small cell lung cancer; overexpression of HOXA-AS2
may promote the malignant progression of non-small
cell lung cancer (Cui et al., 2019). A recent study proved
that FOXD2-AS1 could serve as a predicted marker for
survival rate of patients with EC (Bao et al., 2018).
However, the mechanism by which FOXD2-AS1
regulates the progression of EC remains unclear.

MicroRNAs (miRNAs) are a class of non-coding
RNAs shorter than 25 nucleotides, and previous studies
proved that miRNAs played critical roles in the
pathogenesis and development of numerous kinds of
cancers (Bertoli et al., 2015; Lan et al., 2015; Lin and
Gregory, 2015). For example, miR-592 was significantly
upregulated in tumor tissues compared with the adjacent
normal tissues in patients with thyroid cancer; forced
expression of miR-592 may promote the proliferation,
migration and invasion of thyroid cancer cells (Luo et
al., 2019). Emerging evidence indicated that lncRNAs
may regulate the progression of cancers via sponging
miRNAs. For instance, Long noncoding RNA nuclear
paraspeckle assembly transcript 1 (NEAT1) regulated the
progression of esophageal squamous cell carcinoma
(ESCC) by sponging miR-129 (Huo et al., 2017). In
addition, miR-145-5p was reported as a tumor
suppressor in various types of cancers, including ovarian
cancer (Hang et al., 2019), non-small lung cancer (Lu et
al., 2018), prostate cancer (Ozen et al., 2015), and
endometrial cancer (Wu et al., 2020). However, the
function of miR-145-5p during the progression of
esophageal cancer remains unclear. In present study, we
found miR-145-5p may be regulated by LncFOXD2-
AS1 and played essential role in the progression of EC. 
Material and methods

Cell culture 

Eca-109 and TE-1 EC cell lines were purchased
from American Type Culture Collection (ATCC,
Manassas, VA, USA) and cultured with Dulbecco’s
Modified Eagle’s Medium (Thermo Fisher Scientific,
Waltham, MA, USA) with 10% fetal bovine serum
(DMEM, Gibco, CA, USA) at 37℃ with 5% CO2.
The prediction of target genes 

Starbase 3.0 (http://starbase.sysu.edu.cn/index.php)
was adopted to predict the target miRNAs of FOXD2-
AS1. Targetscan Human（http://www.targetscan.org/
vert_72/）was used to predict the target genes of
miRNA. 

Clinical specimens

EC tissues and the para-carcinoma tissues were
obtained from patients with EC who received treatments
in our hospital. All of the experiments were approved by
the ethics committee of Yancheng Third People’s
Hospital, and informed consent was signed patients or a
legal guardian. None of the patients received
preoperative interventional therapy or systemic
chemotherapy before surgery. 
CCK8 assay 

The viability of EC cells was examined by using
Cell Counting Kit-8 (CCK8, APExBIO, Houston, TX,
USA). Cells were seeded in 96-well plates at a density of
5×103 cells/well and cultured in 100 μl cell culture
medium. After 48 h of incubation, 10 μl CCK8 was
added into each well for 2 h. Finally, the absorbance at
450 nm was assessed by using a plate reader (model 680;
Bio-Rad, Hertfordshire, UK).
Wound healing assay

To detect the migration ability of cells, Eca-109 cells
(2×105 cells per well) were seeded into 12-well culture
plate overnight at 37°C. At 80% confluence, a wound
area was made with a 20 μL pipette tip in the cell
monolayer. The width of the wound area was
photographed at 0 h and 24 h using the microscope. 
Evaluation of cell invasion ability 

To detect the invasion ability of cells, Eca-109 cells
were collected and suspended in DMEM without FBS at
a density of 5×104 cells/ml. Then, 200 μl cell suspension
was added into the upper chambers of transwell which
were coated with Matrigel. After that, the bottom
chamber was filled with DMEM with 20% FBS. Forty
eight hours later, the invasive cells were fixed with 4%
paraformaldehyde (PFA, Sigma, NY, USA) and stained
with crystal violet.
Cell apoptosis assay 

Annexin V-FITC/PI Apoptosis Detection Kit
(YEASEN, Shanghai, China) was used to examine the
cell apoptosis. Cells were collected and washed with
1×PBS 3 times, and suspended in 400 μl binding buffer.
Then, cell suspension were incubated with 10 μl
Annexin V-FITC and 10 μl PI at 37℃ for 30 min.
Finally, cell apoptosis was detected with flow cytometry.
Real-time fluorescence quantitative RT-qPCR

Total RNAs were extracted by Trizol reagent
(Thermo Fisher scientific, Waltham, CA, USA) and the
concentration was evaluated using Nano drop 2000. 2 μl
RNA was used for reverse transcription (RT reagent Kit,
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Vazyme, Nanjing, China) and the real-time
quantification polymerase chain reaction was
implemented by using SYBR Green (Vazyme, Nanjing,
China). The primers were used as follows: FOXD2-AS1-
forward: 5’- TATGTGGTAGGGGACTCGCT -3’
FOXD2-AS1-reverse: CCCTCTTCCCACGAACA
ACA-3’ GAPDH-forward: 5’- CCACCCCCAATGTCT
CTGTT-3’, GAPDH-reverse: 5’- ATGGATGAACGG
CAATCCCC-3’.
Western blot

RIPA buffer (Abcam, Cambridge, MA, USA) with
protease inhibitor cocktail Sigma Aldrich (St. Louis,
MO, USA) was adopted to extract proteins; the
concentration of protein was assessed with BCA Kit
(Thermo Fisher Scientific, NY, USA). 30 μl of each
sample was separated by SDS-page electrophoresis.
Primary antibodies were used as follows: anti-CDK6
(Abcam, ab124821), anti-cyclinD1 (Abcam, ab16663),
anti-Bcl-2 (Abcam, ab185002), anti-Bax (Abcam,
ab182733), anti-cleaved caspase 3 (Abcam, ab13847),
anti-p-p65 (Abcam, ab86299) and anti-MMP2 (Abcam,
ab97779).
Luciferase assay 

Mimic-NC, mimic-miR-145-5p, psi FOXD2-AS1
WT, psi FOXD2-AS1 MUT and Mimic-NC, mimic-
miR-145-5p, psi CDK6 WT, psi CDK6 MUT were co-
transfected into Eca-109 cells. Forty eight hours later,
the activities of luciferase were evaluated by Dual-
Luciferase Reporter Assay System (Promega) according
to the manufacturer’s instructions. 
Data statistics  

All of the Results were analyzed by using the

GraphPad Prism Software (San Diego, CA, USA).
Statistical comparisons were subjected to one way
ANOVA followed by Tukey’s test. Each experiment was
repeated more than three times. P<0.05 was considered
as statistically significant. 
Results

The diagnostic value of FOXD2-AS1 in EC 

To investigate the function of FOXD2-AS1 during
the progression of EC, we first detected the expression
of FOXD2-AS1 in tumor tissues and the adjacent normal
tissues of patients with EC. As revealed in Fig. 1A, the
level of FOXD2-AS1 in cancer tissues was significantly
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Fig. 1. FOXD2-AS1 was upregulated in EC tissues. A. Expression of FOXD2-AS1 in
tumor tissues and the adjacent normal tissues was detected with RT-qPCR (P<0.01).
B. The ROC curve was used to examine the value of FOXD2-AS1 for the diagnosis of
patient with EC, (AUC=0.8789).

Table 1. FOXD2-AS1 expression and clinical parameters of patients
with esophagus cancer.

Parameters Number FOXD2-AS p value

Age 0.939
≤50 17 1.762±0.832
>50 13 1.741±0.591

Tumor volume
≤5 cm 19 1.846±0.742 0.369
>5 cm 11 1.594±0.702

Lymph node metastasis 0.080
N0 18 1.564±0.553
N1-N3 12 2.037±0.877

Distant metastasis 0.019*
M0 22 1.569±0.425
M1 8 2.259±1.114

TNM stage 0.001**
I-II 21 1.449±0.348
III-IV 9 2.464±0.891

*P<0.05, **P<0.01; student’s t test.



upregulated compared with that in adjacent normal
tissues. In addition, FOXD2-AS1 expression was
positively correlated with clinicopathological parameters
including distant metastasis and TNM stage (Table 1).
Meanwhile, receiver operation characteristic (ROC)
curve was used to examine the value of FOXD2-AS1 in
the diagnosis of EC (Fig. 1B). These data indicated that
the level of FOXD2-AS1 in EC was upregulated, which
was associated with a poor prognosis of EC.
Downregulation of FOXD2 inhibited the proliferation of
EC 

In order to examine the effect of FOXD2-AS1 on the
proliferation of EC cells, we next downregulated
FOXD2-AS1 using siRNAs (Fig. 2A,B). Next, CCK8
assay was conducted to determine the proliferative
ability of Eca-109 cells (Fig. 2C) and TE-1 cells (Fig.
2D). The results indicated that downregulation of
FOXD2-AS1 significantly inhibited the proliferation of
Eca-109 and TE-1 cells. In addition, the quantification of
Ki67 positive cells revealed that downregulation of
FOXD2-AS1 significantly decreased the number of Ki67
positive cells (Fig. 2E,F). All these data suggested
downregulation of FOXD2 inhibited the proliferation of
EC.  
Downregulation of FOXD2-AS1 induced cell apoptosis
and inhibited the migration and invasion of Eca-109 cells 

To determine the effect of FOXD2-AS1 on Eca-109
cell apoptosis, flow cytometry was performed. The
results showed that inhibition of FOXD2-AS1 notably

induced the apoptosis of Eca-109 cells (Fig. 3A,B). In
addition, downregulation of FOXD2-AS1 markedly
decreased the expression of Bcl-2, but increased the
levels of Bax and cleaved caspase 3 in Eca-109 cells
(Fig. 3C-F). Furthermore, wound healing assay and
transwell invasion assay were implemented to test the
effect of FOXD2-AS1 on the migration and invasion of
Eca-109 cells. The results indicated that downregulation
of FOXD2-AS1 prominently attenuated the migration
and invasion of Eca-109 cells (Fig. 4A-D).
FOXD2-AS1 regulated the proliferation, apoptosis
migration and invasion of Eca-109 cells by regulating
miR-145-5P/CDK6 axis 

To explore the molecular mechanisms by which
FOXD2-AS1 regulated the proliferation, apoptosis,
migration and invasion of Eca-109 cells, Starbase3.0
was used to predict the target miRNAs of FOXD2-AS1.
The data indicated that miR-145-5p was the binding
target of FOXD2-AS1 (Fig. 5A,B). Meanwhile,
Targetscan was used to predict the target genes of miR-
145-5p, which suggested CDK6 was the binding target
of miR-145-5p (Fig. 5A,C). Next, the luciferase assay
was implemented to determine the interplay between
miR-145-5p, FOXD2-AS1 and CDK6. The results of
luciferase assay proved that FOXD2-AS1 directly
interacted with miR-145-5p, and miR-145-5p directly
interacted with CDK6 (Fig. 5D,E). In addition, the level
of miR-145-5p in cancer tissues was significantly
downregulated compared with that in adjacent normal
tissues, which was negatively correlated with the
expression of FOXD2-AS1 (Fig. 5F,G). Our findings
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Fig. 2. Silencing of FOXD2-AS1 inhibited the proliferation of
Eca-109 and TE-1 cells. Eca-109 and TE-1 cells were
transfected with FOXD2-AS1 shRNA1, FOXD2-AS1 shRNA2,
negative control (NC) or nothing (blank) for 24 h. The
efficiency of down-regulation of FOXD2-AS1 in Eca-109 (A)
and TE-1 (B) cells were detected by performing RT-qPCR.
After 24, 48, 72 h of incubation, cell viability of Eca-109 (C)
and TE-1 (D) cells was examined by using CCK8 assay. 
E. After 48 h of incubation, the expression of Ki67 in cells was
detected by performing immunofluorescence analysis. 
F. Quantification analysis of Ki67 positive cells was conducted
by integrated optical density. *P<0.05, **P<0.01 vs NC group.



suggested that FOXD2-AS1 may regulate the expression
of CDK6 via sponging with miR-145-5p.
Downregulation of FOXD2-AS1 enhanced the
expression level of CDK6

Finally, western blot analysis was further conducted
to detect the effect of FOXD2-AS1 on protein
expressions. The results showed that down-regulation of
FOXD2-AS1 prominently reduced the expressions of
CDK6, Cyclin D1, p-p65 and MMP2 (Fig. 6A-E). In
addition, cell cycle distribution analysis revealed that
inhibition of FOXD2-AS1 caused G1 arrest of Eca-109
cells (Fig. 6F,G). These data suggest that inhibition of
FOXD2-AS1 caused G1 arrest of Eca-109 cells by
increasing the expression of CDK6.                                                                                                                                                                                                                                                                   
Discussion

In this study, we proved that FOXD2-AS1 was
significantly upregulated in tumor tissues of EC.
Downregulation of FOXD2-AS1 significantly inhibited
the proliferation, migration and invasion of EC cells via
increasing cell apoptosis. In addition, FOXD2-AS1
modulated the expression level of CDK6 by directly
interacting with miR-145-3p. Thus, our findings suggest

that FOXD2-AS1 played critical roles in the
proliferation, migration, invasion and apoptosis of EC
cells by regulating the cell cycle.

It is well known that long non-coding RNAs play
essential roles in the development of cancers through
regulating synthesis of protein and maintenance of
cellular homeostasis (Guttman et al., 2009). FOXD2-
AS1 has been reported to be aberrantly expressed in
many types of cancers, including hepatocellular
carcinoma (Liu et al., 2019), bladder cancer (An et al.,
2018), melanoma (Ren et al., 2019), nasopharyngeal
carcinoma (Chen et al., 2018), gastric cancer (Yang et
al., 2019) and EC (Hu et al., 2019). For example,
aberrant expression of FOXD2-AS1 was found in
hepatocellular carcinoma (HCC) tissues and high
expression of FOXD2-AS1 was negatively associated
with the survival rate of patients with HCC. In addition,
restoration of FOXD2-AS1 could significantly enhance
the proliferation and migration of HCC cells by
regulating the miR-206/ANXA2 axis (Chang et al.,
2018). In nasopharyngeal carcinoma (NPC),
upregulation of FOXD2-AS1 indicated unfavorable
prognosis of patients. In contrast, deficiency of FOXD2-
AS1 may be able to inhibit the proliferation of NPC cells
by modulating the miR-363-5p/S100A1 axis (Chen et
al., 2018). The correlation between FOXD2-AS1 and EC
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Fig. 3. Downregulation of FOXD2-AS1 induced apoptosis of Eca-109 cells. Eca-109 cells were transfected with FOXD2-AS1 shRNA2, NC or blank for
72 h. A. The flow cytometry analysis of the status of EC cells which were double stained with Annexin V and PI. X axis: the level of Annexin-V FITC
fluorescence; Y axis: the PI fluorescence. B. The quantification of apoptosis cells. C. The expressions of Bcl-2, Bax and cleaved caspase 3 in Eca-109
cells were detected by Western blot analysis. β-actin was used as an internal control. D, E, F. The relative expressions of Bcl-2, Bax and cleaved
caspase 3 in cells were quantified. **P<0.01 vs NC group.



was reported by a previous study (Bao et al., 2018). It
was demonstrated that FOXD2-AS1 might serve as a
biomarker for prediction of the prognosis of patients
with ESCC due to its overexpression in the tumor tissues
of ESCC (Bao et al., 2018). However, the molecular
mechanisms remain unclear. In the present study, we
found FOXD2-AS1 may be able to regulate the
expression of CDK6 by sponging miR-145-5p.

Accumulating studies indicate that miR-145-5p may
act as a tumor suppressor to regulate the proliferation,
migration, invasion and apoptosis of cancer cells (Chang
et al., 2017; Wang et al., 2018). The expression of miR-
145-5p was significantly downregulated in
hepatocellular carcinoma cell lines compared with
normal cell lines. Restoration of miR-145-5p inhibited
proliferation and metastasis, but induced the apoptosis of
hepatocellular cancer cells by directly targeting RAB18
(Wang et al., 2019). In addition, expression of miR-145-
5p was associated with the Epithelial-mesenchymal
transition (EMT) of gastric cancer ,and overexpression
of miR-145-5p inhibited the migration and invasion of

gastric cancer cells by targeting zinc-finger E-box
binding homeobox2 (ZEB2) (Jiang et al., 2016).
Moreover, a previous study demonstrated that the
expression of miR-145-5p was down-regulated in the
tumor tissues of ESCC; force expression of miR-145-5p
is able to significantly attenuate the proliferation,
migration and invasion of ESCC cells by targeting the
Sp1/NF-kB signaling pathway (Mei et al., 2017). Our
data indicated that downregulation of FOXD2-AS1
significantly reduced the expression of p-p65 in Eca-109
cells. These data indicated that downregulation of
FOXD2-AS1 inhibited the growth of Eca-109 cells via
inactivation of p65. What’s more, miR-145-5p also
repressed the expression of cell cycle related genes, such
as cyclin D1, cyclin A2 and cyclin E1 (Mei et al., 2017).
In our work, we found miR-145-5p functioned as a
target of FOXD2-AS1, and regulated the expressions of
CDK6 and cyclin D1.

CDK6, a member of Cyclin-dependent kinases
(CDKs), which are a family of serine /threonine protein
kinases, is associated with many cellular processes
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Fig. 4. Downregulation of FOXD2-AS1 inhibited the migration and invasion of Eca-109 cells. Eca-109 cells were transfected with
FOXD2-AS1 shRNA2, NC or blank for 24 h. A. The representative images of migration cells and the quantification of migration
cells (B). C. The representative images of invasion cells and the quantification of invasion cells (D). **P<0.01 vs NC group.



including cell cycle, genetic transcription, translation,
cell apoptosis, and neurogenesis (Malumbres, 2014). As
a subunit of CDK6/cyclin D complex, CDK6 played
critical roles in the progression of G1 to S cell cycle
(Malumbres and Barbacid, 2005). Aberrant expression

of CDK6 was found in several types of cancers
(Solomon et al., 2015). For instance, upregulation of
CDK6 in ovarian cancer induced the resistance to
platinum-based therapies, while silence of CDK6
enhanced the sensitivity of ovarian cancer cells to
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Fig. 6. Silencing of FOXD2-AS1 inhibited the expression of CDK6. Eca-109 cells were transfected with FOXD2-AS1 shRNA2 or NC. A. The
expressions of CDK6, cyclin D1, p-p65 and MMP2 in Eca-109 cells were detected by Western blot analysis. β-actin was used as an internal control. 
B-E. The relative expressions of CDK6, cyclin D1, p-p65 and MMP2 were quantified. F. Flow cytometry analysis of cell cycle status of Eca-109 cells
which were stained by propidium iodide (PI). G. The quantification of cells in each cell phase. **P<0.01 vs NC group.

Fig. 5. FOXD2-AS1 regulated the progression of EC by modulating miR-145-5p/CDK6 axis. A. Diagrammatic drawing of molecular mechanism by
which FOXD2-AS1 regulated the progression of EC. B. The binding sites between FOXD2-AS1 and miR-145-5p. C. The biding sites between miR-145-
5p and CDK6. D. Relative luciferase activity of reporter plasmids carrying WT or MT FOXD2-AS1 3'‐UTR in Eca-109 cells following co‐transfection with
miR-145-5p mimics were measured using dual luciferase reporter assay. E. Relative luciferase activity of reporter plasmids carrying WT or MT CDK6
3'‐UTR in Eca-109 cells following co‐transfection with miR-145-5p mimics were measured using dual luciferase reporter assay. F. Expression of miR-
145-5p in tumor tissues and the adjacent normal tissues was detected with RT-qPCR. G. The correlation between FOXD2-AS1 and miR-145-5p was
analyzed with linear regression. **P<0.01 vs NC group.



platinum (Dall'Acqua et al., 2017). In addition, CDK6
was reported to be required for the proliferation of
esophagus adenocarcinoma cells (EACs), and inhibiting
its activity suppressed the proliferation of EACs (Ismail
et al., 2011). In agreement with previous studies, we
found downregulation of FOXD2-AS1 induced EC cells
G1 phase arrest by inhibiting the expressions of CDK6
and cyclin D1. 

To sum up, our findings proved that FOXD2-AS1
functioned as an oncogene in EC by regulating miR-145-
5p/CDK6 axis. FOXD2-AS1 might be used as diagnostic
biomarker and therapeutic target for EC.
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