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1  | INTRODUC TION

Oesophageal cancer (ESCA) is considered as a high malignant neo-
plasm harbouring two main subtypes: oesophageal adenocarci-
noma (EAC) and oesophageal squamous cell carcinoma (ESCC).1,2 

ESCC accounts for more than 90% in all ESCA, and its distribution 
mainly derives from eastern Asia, African, etc, especially in Lin 
County, Henan Province.3-5 Although tremendous advance in di-
agnosis and therapy, 5-year survival rates of ESCA patients remain 
relative depressing, only exhibiting less than 20%.1,6-9 At present, 
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Abstract
Multiple studies have unveiled that long non-coding RNAs (lncRNAs) play a pivotal 
role in tumour progression and metastasis. However, the biological role of lncRNA 
ZEB1-AS1 in oesophageal squamous cell carcinoma (ESCC) remains under investiga-
tion, and thus, the current study was to investigate the functions of ZEB1-AS1 in pro-
liferation and invasion of ESCC. Here, we discovered that ZEB1-AS1 and ZEB1 were 
markedly up-regulated in ESCC tissues and cells relative to their corresponding nor-
mal control. ZEB1-AS1 and ZEB1 overexpressions were both related to TNM staging 
and lymph node metastasis as well as poor prognosis in ESCC. The hypomethylation 
of ZEB1-AS1 promoter triggered ZEB1-AS1 overexpression in ESCC tissues and cells. 
In addition, ZEB1-AS1 knockdown mediated by siRNA markedly suppressed the pro-
liferation and invasion in vitro in EC9706 and TE1 cells, which was similar with ZEB1 
siRNA treatment, coupled with EMT alterations including the up-regulation of E-cad-
herin level as well as the down-regulation of N-cadherin and vimentin levels. Notably, 
ZEB1-AS1 depletion dramatically down-regulated ZEB1 expression in EC9706 and 
TE1 cells, and ZEB1 overexpression obviously reversed the inhibitory effects of pro-
liferation and invasion triggered by ZEB1-AS1 siRNA. ZEB1-AS1 shRNA evidently 
inhibited tumour growth and weight, whereas ZEB1 elevation partly recovered the 
tumour growth in ESCC EC9706 and TE1 xenografted nude mice. In conclusion, 
ZEB1-AS1 overexpression is tightly involved in the development and progression of 
ESCC, and it exerts the antitumour efficacy by regulating ZEB1 level in ESCC.
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chemotherapy, radiotherapy and surgery are still main therapy strat-
egies for patients with ESCA, but the therapy efficacy is not very 
satisfactory, which may be because of the facts that most patients 
with ESCA was diagnosed in an advanced stage, coupled with the 
appearance of metastasis loci.10,11 Therefore, it is in dire need of 
seeking for the new therapeutic strategy to improve the patients' 
prognosis.

Long non-coding RNA (lncRNA) is a group of transcripts longer 
than 200 nucleotides, which can be split into 6 different types as 
follows: promoter-associated transcripts, sense, antisense, bidirec-
tional, intronic, intergenic and 3′UTR‐associated transcripts.12,13 
LncRNAs may be located in the cytoplasm or nucleus, but are mainly 
present in cell nucleus.14 LncRNAs are widely involved in the regu-
lation of diverse biological processes.15,16 In recent years, increasing 
evidence has revealed the important regulatory roles of lncRNAs 
in the occurrence and progression of ESCA.17 Notably, lncRNA-
miRNA-mRNA regulatory axis widely participates in oesophageal 
carcinogenesis.18 Many lncRNAs play pivotal roles in maintaining 
and promoting the biological characteristics of tumour cells, and 
thus, lncRNAs may be the attractive therapeutic targets in a vari-
ety of tumours.19,20 Our recent work identified many differential 
lncRNA through TCGA database, and we revealed that ZEB1-AS1 
was significantly up-regulated in ESCA,21 but its precise functions 
remain unknown. It is a fact that ZEB1-AS1 is closely correlated with 
tumour occurrence and development, such as bladder cancer,22 
glioma,23 melanoma24 and non–small-cell lung cancer,25 and these 
data suggest that ZEB1-AS1 is involved in tumour progression via 
multiple different molecular mechanisms, suggesting the complexity 
of ZEB1-AS1 function in these tumours. However, how ZEB1-AS1 is 
regulated during ESCC development is still unclear, and therefore, 
herein, the expression pattern of ZEB1-AS1 and its regulatory role 
in the proliferation and invasion ability of ESCC were investigated, 
which will propose ZEB1-AS1/ZEB1 regulatory axis as an underlying 
therapeutic target for ESCC therapy.

2  | MATERIAL S AND METHODS

2.1 | Tissue samples

Resected ESCC tissues and normal oesophageal epithelial tissues 
were collected from the First Affiliated Hospital of Zhengzhou 
University, Zhengzhou, Henan, China, including 56 ESCC samples 
and 56 paired normal samples, which was stored in liquid nitrogen. 
Informed consent of all tissue samples confirmed by pathologist 
was obtained from each participant. All patients did not receive any 
treatments prior surgery. The current study was authorized by the 
Institutional Research Ethics Committee of Zhengzhou University.

2.2 | In situ hybridization (ISH) assay

Human ZEB1‐AS1 (GenBank accession number: NR_024284) 
probe with a 53 bp was obtained using ZEB1-AS1 specific prim-
ers (F: 5′‐AGCCTCCTTAGTAGAGCGGA‐3′; R: 5′‐AAGTGAGACA 

AGCACCGTGT‐3′). The PCR product was labelled with digoxigenin 
(Promega Corporation) according to the manufacturer's instruction. 
ISH assay for ZEB1-AS1 expression was carried out according to pre-
vious report.26 In brief, tissue sections were deparaffinized in xylene 
and graded alcohol, followed by heat treatment for 15 minutes in the 
buffer at 100°C. The tissues were treated using pepsin for 10 min-
utes at room temperature (RT), and then, ZEB1-AS1 probe labelled 
with digoxigenin was added to the tissue sections. The tissue slides 
were denatured 96°C for 5 minutes and were placed in a moisturized 
chamber for hybridization reaction overnight at 37°C. Finally, NBT/
BCIP was employed to develop the signal. PBS was used as a nega-
tive control instead of ZEB1-AS1 probe.

2.3 | Immunohistochemistry (IHC)

Immunohistochemistry assay was carried out according to previous 
document.27 Briefly, tumour tissues with paraffin embedding were 
serially cut with 4 μm, and the sections were dewaxed and rehy-
drated according to standard protocol. Subsequently, 3% H2O2 was 
employed to inactivate the endogenous peroxidase for 10 minutes, 
followed by heating the tissue sections in EDTA solution (1 mmol/L, 
pH 9.0) for antigen retrieval. The sections were rinsed using PBS 
buffer for 5 minutes and then blocked using 3% BSA solution for 
30 minutes at RT. Afterwards, the sections were incubated with 
ZEB1 primary antibody (Abcam) with 1:200 dilution overnight at 
4°C, and then, horseradish peroxidase (HRP)‐conjugated second-
ary antibody was added to sections for 30 minutes at RT. The stain-
ing signal was developed with a DAB kit (Zhongshan Golden Bridge 
Biotechnology Company).

2.4 | Staining scores of ISH and IHC

All staining results were independently evaluated in a double-blinded 
manner by two pathologists according to the following standards. 
The number of positive cells was scored as follows: 0 (no staining); 
1 (0.01%‐25%); 2 (25.01%‐50%); 3 (50.01%‐75%); and 4 (>75%). The 
staining intensity was evaluated in the following: 0 (no signal); 1 
(weak); 2 (moderate); and 3 (strong). The final result was obtained 
according to the following formula ‘the score of positive cell num-
ber × the score of staining intensity’ and was regarded as follows: 
0 (negative, −); 1‐4 (weak, +); 5‐8 (moderate, ++); and 9‐12 (strong, 
+++). Score less than or equal to 4 was considered as low expression, 
and other score was high expression.

2.5 | Real‐time quantitative PCR (qPCR)

Total RNA was extracted from ESCC tissues and cells, which was 
reverse transcripted to cDNA using lnRcute lncRNA cDNA first 
strand synthesis kit (Tiangen Biotech). qPCR (Tiangen Biotech) 
was employed to determine the ZEB1-AS1 and ZEB1 expres-
sions according to manufacturer's instruction using the primers 
as follows: ZEB1‐AS1: 5′‐GATGCCGGGAAACCGTAGG‐3′ and 
5′‐CTACTAAGGAGGCTGCTGGC‐3′ (product size: 175bp), ZEB1: 
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5′‐GTGACGCAGTCTGGGTGTAA‐3′ and 5′‐TGAGTCCTGTTCTT 
GGTCGC‐3′ (product size: 229bp).

2.6 | Cell culture and transfection

The ESCC cell lines (EC9706, TE1, Eca109, Kyse70 and Kyse450) 
and normal oesophageal epithelial cell Het-1A kept in liquid nitro-
gen in our laboratory were cultured in RPMI‐1640 medium sup-
plemented with 10% foetal bovine serum (FBS, Gibco Company), 
100 μg/mL streptomycin (Sigma-Aldrich) and 100 U/mL penicillin 
(Sigma-Aldrich) in a humidified 5% CO2 incubator at 37°C. ZEB1-AS1 
siRNA (#1 sense: AACUUCUAGCCUCUCUUUCAA, antisense: GAA 
AGAGAGGCUAGAAGUUCC; #2 sense: UUUAGGAAGGAAUUCA 
UGGCC, antisense: CCAUGAAUUCCUUC CUAAAUG), negative con-
trol (NC): 5′‐UUCUCCGAACGUGUCACGUTT‐3′ (sense); 5′‐ACGU 
GACACGUUCGGAGAATT‐3′ (antisense), ZEB1 siRNA (Santa Cruz 
company), control siRNA (Santa Cruz company), pcDNA3.1 empty 
vector and pcDNA3.1-ZEB1 (ZEB1) were transfected to EC9706 and 
TE1 cells by Lipofectamine™ 2000 (Invitrogen Life Technologies) ac-
cording to manufacturer's instruction.

2.7 | Methylation‐specific PCR (MSP)

Methylation-specific PCR was performed according to previous re-
port.28 The primer for MSP was designed using MethPrimer online 
software as described previously in the following28: Methylaion‐F: 5′‐
TTTTTCGTTTGTGTTTAAATGTTC‐3′, Methylation‐R: 5′‐ ATATCGT 
AAAACCGAAAATATCGTA‐3′; Unmethylation‐F: 5′‐TTTTTGTTTGT 
GTTTAAATGTTTGA‐3′; Unmethylation‐R: 5′‐ATATCATAAAACCAA 
AAATATCAT A‐3′. Genomic DNA was obtained from ESCC tissues 
and cells using genomic DNA extract kit (TIANGEN), and PCR was 
performed according to manufacturer's instruction.

2.8 | CCK‐8 experiment

EC9706 and TE1 cells at a density of 2000 cells/well were seeded 
into 96-well plate, and then, these cells transfected with ZEB1-
AS1 siRNA (si-ZEB1-AS1), ZEB1 siRNA (si-ZEB1), negative control 
(si-NC) and pcDNA3.1-ZEB1 (ZEB1) in triplicate were applied to 
corresponding well. Absorbance value (450 nm) was measured in a 
microplate reader (Thermo Scientific), and cell viability was meas-
ured by CCK‐8 kit (Beyotime Biotech) according to manufacturer's 
protocol.

2.9 | Cell invasion assay

Cell invasion was investigated by Transwell chamber harbouring 
Matrigel (BD Biosciences). Briefly, EC9706 and TE1 cells (1 × 105) 
were placed in the upper layer of chamber, and meanwhile, 20% FBS 
was added to underlayer of chamber. Subsequently, invasive cells 
were fixed using methanol, followed by staining with crystal violet 
48 hours after transfection. Finally, the number of invasive cells was 
investigated under the field of 200× magnification.

2.10 | Western blot

Total proteins were extracted from ESCC cells using RIPA lysis 
(Solarbio), and the concentration was measured by Bradford method. 
The proteins were separated by SDS-PAGE and then transferred to 
PVDF membranes (Millipore Corporation). The primary antibodies 
against E-cadherin, N-cadherin, vimentin, ZEB1 and β-actin (1:200 
dilution, Abcam) were incubated with PVDF membrane (Roche) 
overnight at RT after blocking with skimmed milk. Subsequently, the 
secondary antibody (ZSGB-BIO) was added to PVDF membrane. 
Finally, enhanced chemiluminescence reagents (Beyotime) were uti-
lized to develop the protein signal.

2.11 | Animal experiment

Female BALB/c nude mice with 4‐6 weeks old were purchased from 
Weitong Lihua Experimental Animal Technical Company. All mice were 
maintained in a pathogen-free facility. EC9706 and TE1 cells (1 × 106) 
harbouring stable ZEB1-AS1 knockdown were subcutaneously inocu-
lated into the back of nude mice. Once the tumour volumes reached 
approximate 100 mm3, the mice were randomly split into three 
groups: pLVX-shRNA-NC, pLVX-shRNA-ZEB1-AS1 and pLVX-shRNA-
ZEB1-AS1 plus ZEB1. Tumour volumes were measured twice a week. 
When the measurement was terminated, tumour growth curve was 
made. All protocols were approved by the Institutional Committee for 
Use and Care of Laboratory Animals of Zhengzhou University.

2.12 | Statistical assay

All data expressed as mean ± standard deviation (SD) were repeated 
in triplicate, which were examined using GraphPad Prism 6.0 soft-
ware. The data regarding ISH and IHC were examined using chi-
square, and survival assay was performed using log-rank test. The 
comparisons of two groups were determined using t test, and com-
parisons of three groups or above were investigated using one-way 
ANOVA. A P value less than 0.05 were regarded to be significant.

3  | RESULTS

3.1 | ZEB1‐AS1 and ZEB1 levels in ESCC tissues and 
cells and their prognosis power in ESCC

TCGA database integrating UALCAN and starBase was employed 
to investigate the ZEB1-AS1 and ZEB1 levels in ESCC tissues and its 
prognostic value. We unveiled that the levels of ZEB1-AS1 and ZEB1 
were up-regulated in ESCA tissues (Figure 1A,B), and their expressions 
displayed markedly positive correlations in ESCA tissues (Figure 1C). 
Notably, ZEB1-AS1 was not related to the prognosis of the patients 
with ESCA (Figure 1D), but the survival ratio of the patients with high 
ZEB1 level in different grade ESCA patients was lower than that with 
low ZEB1 level (P < .05) (Figure 1E). To validate these findings, qPCR, 
ISH and IHC were utilized to detect the levels of ZEB1-AS1 and ZEB1 
in 56 cases of ESCC tissues and para-carcinoma tissues. The results of 
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ISH and IHC demonstrated that ZEB1-AS1 and ZEB1 expressions in 
ESCC tissues (positive ratio: 44.6% and 41.1%) were both higher than 
those in normal tissues (14.3% and 12.5%) (Figure 2A‐D), which were 
also confirmed by qPCR (Figure 2E,F). Our results herein imply that 
ZEB1-AS1 and ZEB1 may play oncogenic role in ESCC.

3.2 | The correlations of ZEB1‐AS1 and ZEB1 
expressions with clinicopathological features in ESCC

To explore the possible biological role of ZEB1-AS1 and ZEB1 in ESCC, 
SPSS 21.0 software was utilized to dissect the correlations of ZEB1-
AS1 and ZEB1 levels with clinicopathological factors, respectively. The 
results revealed that ZEB1-AS1 and ZEB1 levels were both associated 
with lymph node metastasis and TNM staging (P < .01), but not corre-
lated with patients' gender, age, invasion depth and histological grade 
(P > .05) (Table 1 and 2). These data imply that ZEB1‐AS1 and ZEB1 
may exert pivotal role in the development and progression of ESCC.

3.3 | ZEB1‐AS1 and ZEB1 are both correlated 
with TNM staging, lymph node metastasis and poor 
prognosis in ESCC

To further explore the underlying role of ZEB1-AS1 and ZEB1 in 
TNM staging, lymph node metastasis and prognosis in ESCC, 

qRT-PCR was used to analyse the associations of ZEB1-AS1 and 
ZEB1 with TNM staging, lymph node metastasis and prognosis 
in ESCC. We found that ZEB1-AS1 levels in ESCC patients with 
III + IV staging and lymph node metastasis were markedly higher 
than those with I + II staging and without lymph node metasta-
sis (Figure 3A,B), and similar results were found in ZEB1 expres-
sion pattern (Figure 3C,D). Most importantly, high ZEB1-AS1 and 
ZEB1 levels both predicted poor prognosis of patients with ESCC 
(Figure 3E,F).

3.4 | ZEB1‐AS1 promoter hypomethylation 
promotes ZEB1‐AS1 overexpression in ESCC

To elucidate the underlying factors regarding ZEB1-AS1 overexpres-
sion in ESCC, MSP was utilized to examine the methylation status 
of ZEB1-AS1 promoter in ESCC tissues and cells. Our results dem-
onstrated that methylation level of ZEB1-AS1 promoter in ESCC 
tissues was obviously lower than that in normal tissues (P < .0001) 
(Figure 4A), and a negative correlation between methylation 
level of ZEB1-AS1 promoter and ZEB1-AS1 expression was found 
(Figure 4B). Subsequent investigation uncovered that the relative 
levels of ZEB1‐AS1 in ESCC cells (EC9706, Eca109, TE1, Kyse70 and 
Kyse450) were markedly higher than those in Het‐1A cell (P < .01), 
in which EC9706 and TE1 cells exhibited the highest ZEB1-AS1 level 

F I G U R E  1   TCGA database assay for the expressions of ZEB1-AS1 and ZEB1 as well as their prognosis in ESCA. A,B, starBase v3.0 assay 
for ZEB1-AS1 and ZEB1 expressions in ESCA tissues and normal tissues; C, starBase v3.0 assay for co-expression of ZEB1-AS1 and ZEB1 in 
ESCA tissues; D, starBase v3.0 assay for the correlation of ZEB1-AS1 with prognosis of the patients with ESCA; E, UALCAN analysis for the 
association of ZEB1 with prognosis of the patients with ESCA
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(Figure 4C). The results from different oesophageal cells revealed 
that methylation level of ZEB1-AS1 promoter in different ESCC cells 
was evidently lower than that in Het‐1A cell (Figure 4D). These data 
imply that ZEB1-AS1 at high level may be tightly associated with 
ZEB1-AS1 promoter hypomethylation.

3.5 | ZEB1‐AS1 down‐regulation suppresses 
proliferation and invasion ability in ESCC

To preliminarily dissect ZEB1-AS1 functions in ESCC, the effects of 
ZEB1-AS1 siRNA on cell proliferation and invasion ability of ESCC 

F I G U R E  2   The expressions of 
ZEB1-AS1 and ZEB1 in ESCC tissues 
and paired normal tissues. A, In situ 
hybridization detection for ZEB1-AS1 
level in normal oesophageal epithelial 
tissues, bar = 100 μm; B, In situ 
hybridization detection for ZEB1-AS1 
level in ESCC tissues, bar = 100 μm; C, 
Immunohistochemistry assay for ZEB1 
protein expression in normal oesophageal 
epithelial tissues, bar = 100 μm; D, 
Immunohistochemistry assay for ZEB1 
protein expression in ESCC tissues, 
bar = 100 μm; E, qPCR detection for 
ZEB1-AS1 level in ESCC tissues and paired 
normal tissues; F, qPCR detection for 
ZEB1 mRNA level in ESCC tissues and 
paired normal tissues

A B

C D

E F

TA B L E  1   The correlation between ZEB1-AS1 expression and 
clinicopathological features of ESCC

Characteristics n

ZEB1‐AS1 
expression

X2 P valueLow High

Total cases 56 31 25   

Gender

Male 38 19 19   

Female 18 12 6 1.373 0.241

Age

≥60 33 17 16   

<60 23 14 9 0.480 0.488

Histological grade

High 15 11 4   

Medium 19 12 7   

Poor 22 8 14 5.641 0.060

TNM staging

I + II 26 22 4   

III + IV 30 9 21 16.812 0.000

Lymph node metastasis

Yes 21 6 15   

No 35 25 10 9.755 0.002

TA B L E  2   The correlation between ZEB1 expression and 
clinicopathological features of ESCC

Characteristics n

ZEB1 
expression

X2 P valueLow High

Total cases 56 33 23   

Gender

Male 38 20 18   

Female 18 13 5 1.937 0.164

Age

≥60 33 17 16   

<60 23 16 7 1.825 0.177

Histological grade

High 15 11 4   

Medium 19 13 6   

Poor 22 9 13 4.945 0.084

TNM staging

I + II 26 23 3   

III + IV 30 10 20 17.490 0.000

Lymph node metastasis

Yes 21 7 14   

No 35 26 9 9.095 0.003
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cells were investigated. The results revealed that si-ZEB1-AS1-1 and 
si-ZEB1-AS1-2 dramatically reduced ZEB1-AS1 levels in EC9706 and 
TE1 cells, compared with si-NC (P < .01), and the interfering efficacy 
of si-ZEB1-AS1-2 was obviously better than that of si-ZEB1-AS1-1 
(Figure 5A). CCK‐8 experiment demonstrated that si‐ZEB1‐AS1‐2 
evidently suppressed cell proliferation in EC9706 and TE1 cells, 
compared with si-NC group (Figure 5B,C). Further investigation re-
vealed that ZEB1-AS1 down-regulation markedly inhibited cell inva-
sion ability in EC9706 and TE1 cells (Figure 5D,E,F). Mechanically, 
ZEB1-AS1 down-regulation significantly increased the E-cadherin 

level and reduced the N-cadherin and vimentin levels in EC9706 and 
TE1 cells (Figure 5G,H,I). These findings imply that ZEB1-AS1 may 
play an important role in cell proliferation and invasion in ESCC cells.

3.6 | ZEB1 siRNA markedly suppresses the 
proliferation and invasion ability in ESCC

To further elucidate whether ZEB1 also exerts a pivotal role in 
proliferation and invasion of ESCC, we detected the effect of 
ZEB1 siRNA on proliferation and invasion ability in ESCC cells. 

F I G U R E  3   High ZEB1-AS1 and ZEB1 
levels predict higher TNM staging, lymph 
node metastasis and poor prognosis in 
patients with ESCC. A, qPCR detection for 
ZEB1‐AS1 level in ESCC patients with I + II 
and III + IV; B, qPCR assay for ZEB1‐AS1 
level in ESCC patients with and without 
lymph node metastasis; C, qPCR detection 
for ZEB1 in ESCC patients with I + II and 
III + IV; D, qPCR assay for ZEB1 level in 
ESCC patients with and without lymph 
node metastasis; E, high ZEB1-AS1 level 
predicts poor prognosis in patients with 
ESCC; F, high ZEB1 level predicts poor 
prognosis in patients with ESCC

F I G U R E  4   The hypomethylation of 
ZEB1-AS1 promoter is tightly correlated 
with ZEB1-AS1 up-regulation in ESCC 
tissues and cells. A, MSP assay for 
methylation level of ZEB1-AS1 promoter 
in ESCC tissues and normal tissues; B, a 
negative correlation between ZEB1-AS1 
promoter methylation and ZEB1-AS1 
expression level; C, qPCR detection 
for ZEB1-AS1 level in different ESCC 
cells (EC9706, Eca109, TE1, Kyse70 
and Kyse450) and normal oesophageal 
epithelial cell Het-1A; D, MSP detection 
for methylation status of ZEB1-AS1 
promoter in ESCC cells and normal 
oesophageal epithelial cell Het-1A
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F I G U R E  5   ZEB1-AS1 down-regulation contributed to the inhibition of cell proliferation and invasion in ESCC cells. A, qPCR detection 
of ZEB1‐AS1 expression in EC9706 and TE1 cells after transfection with si‐NC and si‐ZEB1‐AS1; B and C, CCK‐8 assay for cell proliferation 
after transfection with si-NC and si-ZEB1-AS1-2, *P < .05 and **P < .01, compared with si-NC group; D, transwell chamber assay for cell 
invasion after transfection with si-NC and si-ZEB1-AS1-2; E and F, statistical assay for invasive cell number in EC9706 and TE1 cells, 
**P < .01, compared with si-NC group; G, Western blot assay for the expressions of E-cadherin, N-cadherin and vimentin proteins in different 
treatment EC9706 and TE1 cells; H and I, the relative expression of E-cadherin, N-cadherin and vimentin proteins in different treatment 
EC9706 and TE1 cells, **P < .01, ***P < .001 and ****P < .0001, compared with si-NC group
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We found ZEB1 siRNA significantly suppressed ZEB1 expression 
in EC9706 and TE1 cells (Figure 6A,B). Further CCK‐8 experiment 
revealed that ZEB1 down-regulation contributed to proliferation 
inhibition in EC9706 and TE1 cells (Figure 6C,D). Besides, ZEB1 

down-regulation markedly inhibited invasion ability in EC9706 
and TE1 cells (Figure 6E,F,G). Our data indicate that ZEB1 may 
exert the crucial regulatory role in cell proliferation and invasion 
in ESCC cells.

F I G U R E  6   ZEB1 down-regulation elicited the inhibition of proliferation and invasion in ESCC cells. A, ZEB1 siRNA markedly reduced 
ZEB1 protein expression in EC9706 and TE1 cells; B, relative level of ZEB1 protein in EC9706 and TE1 cells, ****P < .0001, compared with 
si‐NC group; C, CCK‐8 experiment assay for cell proliferation in si‐NC group and si‐ZEB1 group in EC9706 cells, *P < .05 and **P < .01, 
compared with si‐NC group; D, CCK‐8 experiment assay for cell proliferation in si‐NC group and si‐ZEB1 group in TE1 cells, *P < .05 and 
**P < .01, compared with si-NC group; E, transwell chamber investigation for cell invasion ability in EC9706 and TE1 cells; F, statistical assay 
for invasive cell number in si-NC group and si-ZEB1 group in EC9706 cells, **P < .01, compared with si-NC group; G, statistical assay for 
invasive cell number in si-NC group and si-ZEB1 group in TE1 cells, **P < .01, compared with si-NC group
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F I G U R E  7   ZEB1-AS1 suppresses cell proliferation and invasion by targeting ZEB1. A, ZEB1 protein level was evaluated by Western blot 
after transfection with si-ZEB1-AS1 in EC9706 and TE1 cells; B, Relative level of ZEB1 protein after transfection with si-ZEB1-AS1 in EC9706 
and TE1 cells, ***P < .001 and ****P < .0001, compared with si‐NC group; C: CCK‐8 experiment assay for cell proliferation in si‐NC group, 
si-ZEB1-AS1 and si-ZEB1-AS1 plus ZEB1 overexpression group in EC9706 cells, **P < .01, compared with si‐NC group; D: CCK‐8 experiment 
assay for cell proliferation in si-NC group, si-ZEB1-AS1 and si-ZEB1-AS1 plus ZEB1 overexpression group in TE1 cells, **P < .01, compared 
with si-NC group; E, transwell chamber assay for cell invasion ability in si-NC group, si-ZEB1-AS1 and si-ZEB1-AS1 plus ZEB1 overexpression 
group in EC9706 and TE1 cells; F, statistical assay for invasive cell number in si-NC group, si-ZEB1-AS1 and si-ZEB1-AS1 plus ZEB1 
overexpression group in EC9706 cells, ***P < .001 and ****P < .0001, compared with si-NC group; G, statistical assay for invasive cell number 
in si-NC group, si-ZEB1-AS1 and si-ZEB1-AS1 plus ZEB1 overexpression group in TE1 cells, ***P < .001, compared with si-NC group
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3.7 | ZEB1 overexpression reverses the inhibitory 
effect of proliferation and invasion mediated by ZEB1‐
AS1 siRNA in ESCC cells

It is well documented that antisense lncRNAs control the level of the 
sense genes directly or indirectly.29 ZEB1-AS1 is an antisense cog-
nate gene of ZEB1, and we put forward that whether ZEB1-AS1 can 
regulate ZEB1 expression, whereas whether ZEB1 overexpression 
can reverse the biological process mediated by ZEB1-AS1 down-
regulation in ESCC cells. Therefore, the effect of ZEB1-AS1 on ZEB1 
expression and the biological effect triggered by ZEB1 overexpres-
sion were detected. The results revealed that si-ZEB1-AS1 mark-
edly down-regulated ZEB1 protein level in EC9706 and TE1 cells 
(Figure 7A,B). Further investigation showed that si-ZEB1-AS1 strik-
ingly restrained cell proliferation and invasion ability, whereas ZEB1 
overexpression obviously reversed the inhibitory effect of prolif-
eration and invasion elicited by si-ZEB1-AS1 (Figure 7C-G), suggest-
ing ZEB1-AS1 plays a vital regulatory role in cell proliferation and 
invasion by manipulating ZEB1 expression in ESCC cells.

3.8 | ZEB1‐AS1 down‐regulation suppresses tumour 
growth in ESCC cell xenografted nude mice

To explore the potential role of ZEB1-AS1 in tumorigenesis in ESCC 
cells xenografted nude mice, ESCC EC9706 and TE1 cells stably ex-
pressing shRNA-ZEB1-AS1 or shRNA-NC were subcutaneously in-
oculated into the back of nude mice, and tumour volume and weight 
were measured. The results indicated that ZEB1-AS1 down-regulation 
evidently suppressed tumour growth and reduced tumour weight, 
whereas ZEB1 overexpression partly recovered the inhibitory effect 
mediated by pLVX-shRNA-ZEB1-AS1 in ESCC EC9706 and TE1 cells 
xenografted nude mice (Figure 8A-D). Further investigation revealed 
that pLVX-shRNA-ZEB1-AS1 markedly increased E-cadherin level and 
decreased the levels of N-cadherin and vimentin proteins in EC9706 
and TE1 cells xenografted nude mice, which was partly reversed by 
ZEB1 overexpression (Figure 8E,F). Our data herein imply that ZEB1-
AS1 suppresses tumour growth by inhibiting ZEB1 level in ESCC.

4  | DISCUSSION

In the current study, ZEB1-AS1 functioned as a regulator of ZEB1 
gene in ESCC, which was tightly associated with the regulation of 

proliferation and invasion of ESCC cells. Our data demonstrated 
that ZEB1-AS1 and its cognate gene ZEB1 were both unregulated 
in ESCC tissues, and the up-regulation of ZEB1-AS1 and ZEB1 
were both associated with TNM staging, lymph node metastasis 
and poor prognosis of patients with ESCC. Notably, hypomethyla-
tion of ZEB1-AS1 promoter promoted the overexpression of ZEB1-
AS1 in ESCC tissues and cells. Further investigation revealed that 
ZEB1-AS1 down-regulation markedly suppressed cell proliferation 
and invasion ability of ESCC cells, coupled with EMT suppression, 
and meanwhile, ZEB1 down-regulation significantly inhibited cell 
proliferation and invasion ability of ESCC cells. Most importantly, 
ZEB1-AS1 down-regulation obviously reduced ZEB1 level in ESCC 
cells, whereas ZEB1 overexpression reversed the suppression of 
proliferation and invasion elicited by ZEB1-AS1 down-regulation. 
Thus, our data presented herein reveal that ZEB1-AS1/ZEB1 regu-
latory axis is implicated in the proliferation and invasion ability in 
ESCC and targeting ZEB1-AS1-ZEB1 regulatory axis may be a new 
target for therapy of patients with ESCC.

LncRNAs function as tumour suppressor or oncogene in a large 
number of tumours,30,31 which may depend on tumour types and envi-
ronment, and detailed elucidation of expression patterns and functions 
of lncRNAs will provide the early diagnostic biomarkers, prognostic 
determination and therapeutic target in many tumours. Increasing ev-
idence has demonstrated that lncRNAs have become a potential diag-
nostic and prognostic marker in a variety of tumours.32‐34 Therefore, 
the identification of novel lncRNAs implicated in the development and 
progression of ESCC will provide new strategy for better diagnosis and 
therapy for patients with ESCC. Several studies have revealed that 
ZEB1-AS1 was frequently overexpressed in many tumours and was 
tightly associated with poor prognosis of patients with tumour. Chai 
H et al confirmed that ZEB1-AS1 was significantly elevated, and its 
expression was correlated with tumour, nodes, metastases stage IV, 
loss of E-cadherin expression and poor prognosis in gastric cancer.35 
The data from meta-analysis revealed that high ZEB1-AS1 level was 
closely correlated with overall survival (HR =  2.16, 95% CI: 1.89‐2.47), 
poor histological grade, high tumour staging and lymph node me-
tastasis among patients with cancer,36 which was similar with previ-
ous report.37 These findings indicate that suppression of ZEB1-AS1 
expression may be a potential strategy for therapy of many tumour 
patients. Here, we found ZEB1-AS1 and ZEB1 expressions in ESCC 
tissues were both higher than those in normal tissues, and their high 
levels were both associated with TNM staging as well as lymph node 
metastasis (P < .01). More importantly, high ZEB1-AS1 and ZEB1 

F I G U R E  8   ZEB1-AS1 down-regulation suppresses tumour growth in EC9706 and TE1 xenografted nude mice. A, ZEB1-AS1 down-
regulation suppressed tumour growth in EC9706 xenografted nude mice, whereas ZEB1 overexpression partly reversed the inhibitory 
efficacy, ns indicates no significance, **P < .01, compared with pLVX-shRNA-NC group and pLVX-shRNA-ZEB1-AS1 plus ZEB1; B, Tumour 
weight in different treatment group, ****P < .0001, compared with pLVX-shRNA-NC group and pLVX-shRNA-ZEB1-AS1 plus ZEB1; C, 
ZEB1-AS1 down-regulation suppression tumour growth in TE1 xenografted nude mice, whereas ZEB1 overexpression partly reversed the 
inhibitory efficacy, ns indicates no significance, **P < .01, compared with pLVX-shRNA-NC group and pLVX-shRNA-ZEB1-AS1 plus ZEB1; D, 
Tumour weight in different treatment group, ****P < .0001, compared with pLVX-shRNA-NC group and pLVX-shRNA-ZEB1-AS1 plus ZEB1; E, 
Western blot assay for E-cadherin, N-cadherin and vimentin protein experssions in EC9706 and TE1 xenografted nude mice, and β-actin was 
used for loading control; F, relative levels of E-cadherin, N-cadherin and vimentin protein experssions in EC9706 and TE1 xenografted nude 
mice, ****P < .0001, compared with pLVX-shRNA-ZEB1-AS1
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levels both predicted poor prognosis of patients with ESCC. These data 
suggest that ZEB1-AS1 and ZEB1 may participate in the progression 
and metastasis of ESCC. To elucidate the underlying factors regarding 

ZEB1-AS1 overexpression in ESCC, the methylation status of ZEB1-
AS1 promoter in ESCC tissues and cells was detected in this study. We 
found that methylation level of ZEB1-AS1 promoter in ESCC tissues 
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and cells was significantly lower than that in normal tissues and cells 
(P < .0001), and meanwhile, a negative correlation between meth-
ylation level of ZEB1-AS1 promoter and ZEB1-AS1 expression was 
found, which is consistent with previous investigation in hepatocellu-
lar carcinoma.28 These data imply that ZEB1-AS1 at high level may be 
tightly associated with ZEB1-AS1 promoter hypomethylation.

Sustaining proliferative signalling and activating invasion and 
metastasis have been verified to be two main characteristics of 
tumours,38 and combined targeting two hallmarks may be a novel 
strategy for therapy of tumour patients. Cheng R et al revealed that 
ZEB1-AS1 depletion suppressed the growth, migration, invasion and 
EMT in cervical cancer, which may be achieved by inhibiting ZEB1 
expression.39 Moreover, ZEB1-AS1 depletion markedly restrained 
the proliferation and induced apoptosis in colorectal cancer, whereas 
ZEB1-AS1 elevation elicited the opposite effect.40 A recent investi-
gation demonstrated that ZEB1-AS1 silencing triggered cell prolifer-
ation suppression and decreases in the cell number in S phase in liver 
cancer by targeting miR-365a-3p.41 To further dissect the underlying 
role of ZEB1-AS1 in ESCC, we firstly investigated the expression of 
ZEB1-AS1 in ESCC cells. The data revealed that the relative levels of 
ZEB1‐AS1 in ESCC cells (EC9706, Eca109, TE1, Kyse70 and Kyse450) 
were dramatically higher than those in Het-1A cell (P < .01), in which 
EC9706 and TE1 cells exhibited the highest ZEB1-AS1 level. Further 
investigation revealed that ZEB1-AS1 down-regulation markedly 
blocked the proliferation and invasion ability, coupled with elevation 
of E-cadherin expression and reduces of N-cadherin and vimentin 
expressions in ESCC cells. Meanwhile, ZEB1 knockdown triggered 
the suppression of the proliferation and invasion ability in ESCC 
cells. Most importantly, ZEB1-AS1 down-regulation markedly sup-
pressed ZEB1 expression, whereas ZEB1 overexpression reversed 
the biological effect mediated by ZEB1-AS1 down-regulation in vitro 
and in vivo, which was tightly associated with the changes in EMT 
markers including E-cadherin, N-cadherin and vimentin, suggesting 
ZEB1-AS1 functions as oncogene by regulating ZEB1 expression in 
ESCC cells. Our data presented herein imply that ZEB1-AS1 may be a 
vital regulator in proliferation and invasion of ESCC cells, and target-
ing ZEB1-AS1 may be a novel strategy for therapy of patients with 
ESCC.

In conclusion, ZEB1-AS1 and ZEB1 are both implicated in the 
development and progression of ESCC, and their overexpression 
is tightly related to TNM staging, lymph node metastasis and poor 
prognosis of patients with ESCC. Notably, hypomethylation of ZEB1-
AS1 promoter promoted the overexpression of ZEB1-AS1 in ESCC 
tissues and cells, and ZEB1-AS1 and ZEB1 are both implicated in pro-
liferation and invasion ability in ESCC. Therefore, targeting ZEB1-
AS1/ZEB1 regulatory axis may be a novel strategy for therapy of 
patients with ESCC.
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