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Abstract. – OBJECTIVE: Esophageal squa-
mous cell carcinoma (ESCC) is a common ma-
lignant epithelial tumor in the elderly, and the 
cause is very complicated. Therefore, the study 
of the pathogenesis of ESCC is conducive to the 
effective treatment of ESCC. Many studies indi-
cated that lncRNAs were important regulatory 
factors in tumor formation and disease devel-
opment. However, the regulatory network of ln-
cRNA in ESCC has not been fully explored. 

MATERIALS AND METHODS: The expression 
of miR-574-3p, ZEB2-AS1, and HMGA2 was mea-
sured using qRT-PCR. The protein expression 
of PCNA, Cleaved-caspase3, MMP9, and HMGA2 
was detected through Western blot. Cell prolif-
eration or apoptosis of transfected cells was 
calculated via CKK-8 assay or flow cytometry. 
Transwell assay was applied to detect cell mi-
gration and invasion of ESCC cells. Luciferase 
reporter assay and RNA pull-down were used to 
determine the relationship among miR-574-3p, 
ZEB2-AS1, and HMGA2 in ESCC. Moreover, the 
regulatory network of ZEB2-AS1 has been veri-
fied in vivo in this study.

RESULTS: We found that ZEB2-AS1 was up-
regulated in ESCC tissues and cells. The knock-
down of ZEB2-AS1 could inhibit cell prolifera-
tion, invasion, and migration, as well as promot-
ed cell apoptosis in ESCC. Interestingly, miR-
574-3p deficiency or HMGA2 promotion could 
reverse the effects of si-ZEB2-AS1 on ESCC cell 
progression. Luciferase reporter assay indicat-
ed that miR-574-3p was a target miRNA of ZEB2-
AS1 and HMGA2 was a target gene of miR-574-
3p in ESCC. 

CONCLUSIONS: In this paper, we first veri-
fied the novel regulatory mechanism of lncRNA 
ZEB2-AS1 in ESCC cellular process. LncRNA 
ZEB2-AS1 promoted the proliferation, migra-

tion, and invasion of ESCC by modulating miR-
574-3p/HMGA2 axis, indicating that ZEB2-AS1 
played essential roles in cell progression in ES-
CC and providing a new therapeutic target of 
ESCC.

Key Words:
ESCC, Cell progression, LncRNA, Regulatory mech-

anism.

Introduction

Esophageal squamous cell carcinoma (ESCC) 
is a type of esophageal cancer, a malignant tu-
mor with high invasion and poor prognosis1-3. 
The current treatment methods are very limited, 
mainly including surgery, radiotherapy, and che-
motherapy4. Because of the inability to eliminate 
the lesions, ESCC has a poor prognosis and high 
recurrence rate. Therefore, studying the patho-
genesis of ESCC is an important way to effective-
ly treat ESCC.

LncRNA belongs to a non-coding RNA and 
is more than 200 nt in length5. LncRNA is 
abnormally expressed in a variety of cancers 
and is widely involved in important cellular 
physiological processes, such as cancer cell 
metabolism and tumor formation6-8. LncRNA, 
as a ceRNA, regulates mRNA expression by 
binding to miRNAs and is an important reg-
ulator of cell progression in cancer9. Multiple 
lncRNAs have been shown to be involved in 
the metabolic activities of ESCC cells, such as 
UCA1, HOTAIR, and GAS510-12. Wang et al10 
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reported that lncRNA UCA1 suppressed cell 
progression in ESCC by activating the Wnt 
signaling pathway. Moreover, lncRNA is also 
closely related to cancer diagnosis and treat-
ment in ESCC13-15. ZEB2-AS1 has been shown 
to be highly expressed in a variety of cancers 
including bladder cancer, pancreatic cancer, 
lung cancer and gastric cancer16-19. However, 
the regulatory mechanism of ZEB2-AS1 in ES-
CC has not been fully elucidated. 

Herein, we found that ZEB2-AS1 was highly 
expressed in ESCC; further, it was predicted by 
bioinformatic that miR-574-3p was a potential 
target miRNA of ZEB2-AS1, and HGMA2 was 
a candidate target gene of miR-574-3p. The pur-
pose of this study was to elucidate the potential 
mechanism by which ZEB2-AS1 was involved in 
the regulation of ESCC cell growth.

Materials and Methods

Patients and Samples
ESCC tissues and adjacent tissues were collect-

ed from 30 patients who had been diagnosed with 
ESCC in Tangshan Gongren Hospital (Tangshan, 
Hebei, China). This experiment was approved by 
the Ethics Review Board of Tangshan Gongren 
Hospital. Written informed consent was obtained 
from all patients involved in the study. 

Cell Culture and Cell Transfection
Normal human esophageal squamous cell 

(HET-1A) and esophageal squamous cell carcino-
ma (ESCC) cell lines (EC109, EC9706, KYSE30, 
and KYSEE150) were purchased from American 
Type Culture Collection (ATCC; Manassas, VA, 
USA). All cell lines were cultured in Dulbecco’s 
Modified Eagle’s medium (DMEM; Thermo Fish-
er Scientific Inc., Waltham, MA, USA) with 10% 
fetal bovine serum (FBS, HyClone, South-Logan, 
UT, USA), 1% penicillin-streptomycin at 37°C in 
a humidified atmosphere of 5% CO2.

The cells were transfected with si-ZEB2-AS1, 
anti-miR-574-3p, HMGA2 OE (HMGA2), and 
their negative control using Lipofectamine 2000 
reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions.

Cell Proliferation
Cell proliferation was calculated using Cell 

Counting Kit-8 (CCK-8; Dojindo Laboratories, 
Kumamoto, Japan) according to the manufac-
turer’s instructions. After transfection for 24 

h, cells were seeded into 96-well plates and 
incubated at 37°C. Then 10 ul CCK-8 solutions 
were added to each well and incubated 1 h 
at 37°C. The absorbance was detected using 
a spectrophotometric microplate reader (Be-
yotime Institute of Biotechnology, Shanghai, 
China) at 450 nm.

Cell Apoptosis
Flow cytometry was applied to detect cell 

apoptosis of transfected cells. Briefly, 2 × 105 
transfected cells were seeded in 6-well plates 
and incubated at room temperature with 5% 
CO2. After that, the cells were harvested and 
stained with annexin V-FITC and PI for 30 min 
in the dark. 

Cell Migration and Invasion
Cell migration and invasion of transfected cells 

was measured using transwell chambers (Corn-
ing Inc., Corning, NY, USA). For cell invasion of 
transfected cells, the upper chamber with Matri-
gel (BD Biosciences, Franklin Lakes, NJ, USA) 
was used. For cell migration of transfected cells, 
the upper chamber without Matrigel was used. 
The cells were seeded into the upper chamber, 
and the lower chamber was filled with medium 
containing 10% FBS. Then, the plates were in-
cubated at 37°C for 24 h. After incubation, the 
invasive and migrated cells were stained using 
0.1% crystal violet and counted using an optical 
microscope.

QRT-PCR
The total RNA was isolated from tissues and 

cells with the TRIzol reagent (Invitrogen, Carls-
bad, CA, USA) according to the manufactur-
er instructions. For miR-574-3p expression, the 
TaqMan® MicroRNA Real Time-PCR Assay re-
agents (Applied Biosystems; Foster City, CA, 
USA) and SYBR® Premix Ex Taq™ reagent (Ta-
KaRa, Otsu, Shiga, Japan) were applied. For 
ZEB2-AS1 and HMGA2 expression, High Ca-
pacity cDNA Reverse Transcription Kit (Ap-
plied Biosystems) and SYBR® Premix Ex Taq™ 
reagent (TaKaRa, Otsu, Shiga, Japan) were used 
to detect. GAPDH and snRNA U6 were used 
as endogenous controls of mRNA and miRNA, 
respectively. The relative mRNA and miRNA 
expression were calculated using 2−ΔΔCt methods. 
The primers are as follows: lncRNA ZEB2-AS1 
forward 5’-ATGAAGAACGCGCGAAGTGT-3’ 
and reverse 5’-CACCCACATTATCACATGC-
CCT-3’; HMGA2 forward 5’-AGTCCCTCTA-
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AAG-CAGCTCAAAAG-3’ and reverse 5’-GC-
CATTTCC-TAGGTCTGCCTC-3’ GAPDH for-
ward 5’-GTCAACGGATTTGGTCTGTATT-3’ 
and reverse 5’-AGTCTTCTGGGTGGCAGT-
GAAT-3’. MiR-574-3p reverse 5’-CACGCT-
CATGCACACACCCCACA-3’ U6 forward 
5’-CGCTTCGGCAGCACATATACTA-3’ and re-
verse 5’-CGCTTCACGAATTTGCGTGTCA-3’.

Western Blot
Tissues and transfected cells were detached 

with trypsin and centrifuged. After washed with 
PBS, cell lysis buffer was added and incubated 
to extract protein. The BCA Protein Assay Kit 
(Beyotime Biotechnology, Shanghai, China) was 
used to measure protein concentration. The pro-
teins were separated using sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto a polyvinylidene di-
fluoride (PVDF) membrane (Millipore, Billerica, 
MA, USA). After being blocked in non-fat milk, 
the membrane was incubated with primary anti-
body (PCNA, Cleaved-caspase3, MMP9, GAP-
DH, and HMGA2, 1:2000, ProteinTech, Chicago, 
IL, USA). Then, the membrane was incubated 
with horseradish peroxidase (HRP)-conjugated 
secondary antibody. Finally, the blot was detected 
and analyzed using an enhanced chemilumines-
cence (ECL) Western blotting kit (Amersham 
Biosciences, Little Chalfont, Buckinghamshire, 
UK).

Luciferase Reporter Assay
The wild type of ZEB2-AS1 or the mutated 

type of ZEB2-AS1 was inserted into Luciferase 
reporter plasmid (pGL3, Promega, Madison, 
WI, USA) to construct the vector of ZEB2-
AS1-WT or ZEB2-AS1-MUT. Then, ZEB2-AS1-
WT or ZEB2-AS1-MUT was cotransfected with 
miR-574-3p or miR-NC into KYSE30 and KY-
SEE150 cells using Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, CA, USA). Similarly, the 
wild type of HMGA2 or the mutated type 
of HMGA2 was inserted into Luciferase re-
porter plasmid (pGL3, Promega, Madison, WI, 
USA) to construct the vector of HMGA2-WT 
or HMGA2-MUT. Then, HMGA2-WT or HM-
GA2-MUT was cotransfected with miR-574-3p 
or miR-NC into KYSE30 and KYSEE150 cells 
using Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA). The Dual-Luciferase Re-
porter assay system (Promega, Madison, WI, 
USA) was applied to detect Renilla and firefly 
Luciferase activities.

RNA Pull-Down
The cDNA sequence of ZEB2-AS was syn-

thesized and inserted into pBluescript II SK(+) 
and transfected into KYSE30 and KYSEE150 
cells. After Biotin-labeled miR-NC and miR-574-
3p were transcribed and purified, a 500 μl RIP 
buffer with cell lysate was added. Then, 50 μl of 
washed streptavidin agarose beads were added 
and the beads were washed with RIP buffer 5 
times. The extracted protein was detected by im-
munoblotting or mass spectrometry.

Xenograft Assay
Cells transfected were injected subcutaneously 

in the right flank regions of nude mice (4-week-
old). Tumor volumes were monitored every 7 
days. Tumor volume = width × length × (width + 
length) × 0.5. Mice were euthanized at day 28 af-
ter injection and the tumor weight was measured. 
Animal studies were approved by the Ethics Re-
view Board of the Tangshan Gongren Hospital.

Statistical Analysis 
All data were analyzed and performed us-

ing GraphPad Prism 7.0 (GraphPad Software, 
San Diego, CA, USA). Values were presented as 
means ± standard deviation (SD). 

Comparison groups were calculated using Stu-
dent’s t-test to analyze the difference between 
groups. Three or more sets of groups were calcu-
lated using One-way analysis of variance (ANO-
VA) followed by Tukey’s test. p<0.05 was consid-
ered to be statistically significant.

Results

LncRNA ZEB2-AS1 was Upregulated in 
ESCC Tissues and Cell Lines

First, we measured the expression of ZEB2-
AS1 from 30 ESCC tissues and normal tissues. As 
shown in Figure 1A, the expression of ZEB2-AS1 
was significantly higher in ESCC tissues than 
that in normal tissues. The expression of ZEB2-
AS1 in the ESCC cell lines (EC109, EC9706, 
KYSE30, and KYSEE150) was significantly high-
er than in the Normal human esophageal squa-
mous cell (HET-1A) (Figure 1B). Notably, the 
survival analysis found that the high expression 
of ZEB2-AS1 of patients with ESCC had a poor 
prognosis (Figure 1C). These results indicated 
that ZEB2-AS1 played important roles in ESCC 
formation and treatment. 
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LncRNA ZEB2-AS1 Promoted 
Proliferation, Migration and 
Invasion As Well As Inhibited 
Apoptosis in ESCC Cell Lines

Next, in order to verify the function of ZEB2-
AS1 in ESCC, ZEB2-AS1 was knocked out for 
transfection into KYSE30 and KYSEE150 cell 
lines and stably expressed (Figure 2A). The anal-
ysis of CKK-8 assay showed that the knockdown 
of ZEB2-AS1 significantly inhibited the prolif-
eration of KYSE30 and KYSEE150 cells (Figure 
2B and 2C). Conversely, the apoptotic rate of si-
ZEB2-AS1 transfection was significantly elevated 
(Figure 2D and 2E). Meanwhile, reducing the 
expression of ZEB2-AS1 also greatly decreased 
the migration and invasion of ESCC cells (Fig-
ure 2F-2I). The protein expression of PCNA and 
MMP9 was significantly decreased while the 
protein expression of Cleaved-caspase3 was re-
markably increased by inhibition of ZEB2-AS1 
in KYSE30 and KYSEE150 cell lines (Figure 
2J-2L). Therefore, inhibition of ZEB2-AS1 could 
suppress cell proliferation, migration, and inva-
sion, and promoted cell apoptosis in ESCC cells, 
implying that ZEB2-AS1 promoted growth in 
ESCC cell lines.

LncRNA ZEB2-AS1 Directly Interacted 
with MiR-574-3p

QRT-PCR assay was used to detect the expres-
sion level of ZEB2-AS1 in the nucleus and cy-
toplasm. The results showed that the expression 
level of ZEB2-AS1 in the cytoplasm was high 
(Figure 3A). Next, we predicted the presence of 
the miR-574-3p binding site in ZEB2-AS1 by 
DIANA tool (Figure 3B). Therefore, we per-
formed Luciferase reporter assay in KYSE30 and 

KYSEE150 cells, respectively, and showed that 
the overexpression of miR-574-3p combined with 
ZEB2-AS1-WT significantly reduced Luciferase 
activity in cells, rather than ZEB2-AS1-MUT 
(Figure 3C and 3D). Moreover, the results of 
RNA pull-down showed that the miR-574-3p 
probe enriched more ZEB2-AS1 expression com-
pared to the NC probe, indicating that miR-574-
3p effectively bound ZEB2-AS1 in ESCC cells 
(Figure 3E). More than that, the knockdown of 
ZEB2-AS1 significantly induced the expression 
of miR-574-3p in KYSE30 and KYSE150 cells 
(Figure 3F). Lowly expressed miR-574-3p in ES-
CC tissues was negatively correlated with ZEB2-
AS1 expression (Figure 3G and 3H). All results 
determined that miR-574-3p was a target miRNA 
of ZEB2-AS1 in ESCC cells.

LncRNA ZEB2-AS1 Regulated ESCC 
Progression by Sponging MiR-574-3p

To further clarify the regulatory mecha-
nism between ZEB2-AS1 and miR-574-3p, we 
co-transfected si-ZEB2-AS1 and anti-miR-574-3p 
into KYSE30 and KYSEE150 cells, respectively. 
The result showed that the induction of miR-574-
3p by knockdown of ZEB2-AS1 was significant-
ly decreased by downregulating miR-574-3p in 
KYSE30 and KYSEE150 cells (Figure 4A). Oth-
erwise, cell proliferation, invasion, and migration 
were significantly decreased by si-ZEB2-AS1 
transfection, which was induced by anti-mIR-
574-3p transfection in KYSE30 and KYSEE150 
cells (Figure 4B, 4E and 4F). As shown in Figure 
4C, the promotion effect of si-ZEB2-AS1 on cell 
apoptosis was inhibited by the suppression of 
miR-574-3p in KYSE30 and KYSEE150 cells. 
Knocking out ZEB2-AS1 not only reduced PCNA 

Figure 1. LncRNA ZEB2-AS1 was upregulated in ESCC tissues and cell lines. A, The expression of ZEB2-AS1 was measured 
in ESCC tissues and normal tissues. B, The expression of ZEB2-AS1 was measured in ESCC cell lines (EC109, EC9706, 
KYSE30, and KYSEE150) and normal human esophageal squamous cell (HET-1A). C, Kaplan-Meier analysis of the survival 
rates of patients with ESCC in relation to ZEB2-AS1. *p<0.05, **p<0.01.
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and MMP9 protein expression, but also promoted 
Cleaved-caspase3 protein expression, which was 
reversed by underexpression of miR-574-3p in 
KYSE30 and KYSEE150 cells (Figure 4G and 
4H). Thus, lncRNA ZEB2-AS1 regulated ESCC 
progression by sponging miR-574-3p.

LncRNA ZEB2-AS1 Promoted HMGA2 
Expression by Sponging MiR-574-3p in 
ESCC Cells

The predicted results of starBase showed that 
there was a miR-574-3p binding site in the 3’ 
non-coding region of HMGA2 (Figure 5A). To 

Figure 2. LncRNA ZEB2-AS1 promotes proliferation, migration and invasion as well as apoptosis in ESCC cell lines. A, 
The expression of ZEB2-AS1 was detected in KYSE30 and KYSE150 cells transfected with si-NC or si-ZEB2-AS1 via qRT-
PCR. B, and C, Cell proliferation was measured in KYSE30 and KYSE150 cells transfected with si-NC or si-ZEB2-AS1 using 
CCK-8 assay. D, and E, Cell apoptosis rate was calculated in KYSE30 and KYSE150 cells transfected with si-NC or si-ZEB2-
AS1 via flow cytometry. F-I, Cell migration (F and G) and invasion (H and I) was detected in KYSE30 and KYSE150 cells 
transfected with si-NC or si-ZEB2-AS1 using transwell assay (100×). J-L, The protein level of PCNA, Cleaved-caspase3 and 
MMP9 was measured in KYSE30 and KYSE150 cells transfected with si-NC or si-ZEB2-AS1 with Western blot. *p<0.05, 
**p<0.01.
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further investigate the regulatory mechanism 
of ZEB2-AS1 in ESCC, the Luciferase reporter 
assay was used to demonstrate the targeting 
relationship between miR-574-3p and HMGA2. 
The results showed that the overexpression of 
miR-574-3p inhibited the Luciferase activity in 
the cells transfected with HMGA2 3’-UTR-WT 
in KYSE30 and KYSEE150 cells (Figure 5B 
and 5C). The mRNA and protein expression of 
HMGA2 was sharply inhibited by the promotion 
of miR-574-3p in KYSE30 and KYSEE150 cells 
(Figure 5D and 5E). In addition, the knockdown 
of ZEB2-AS1 reduced the expression of HMGA2 
mRNA and protein. When co-transfected with 
miR-574-3p inhibitor, the mRNA and protein 
expression of HMGA2 was partially increased 

(Figure 5F-5G). Of note, HMGA2, which was 
highly expressed in ESCC tissues, was nega-
tively correlated with miR-574-3p expression but 
positively correlated with ZEB2-AS1 expression 
(Figure 5J-5L). All data determined that ZEB2-
AS1 promoted HMGA2 expression by sponging 
miR-574-3p in ESCC cells.

Restoration of HMGA2 Reversed the 
Effects of LncRNA ZEB2-AS1 Knockdown 
in ESCC Cells

To investigate the effect of the ZEB2-AS1/
miR-574-3p/HMGA2 regulatory network on ES-
CC cell progression, si-ZEB2-AS1 and HMGA2 
overexpression (HMGA2) were co-transfected 
into KYSE30 and KYSEE150 cells. The results 

Figure 3. LncRNA ZEB2-AS1 directly interacted with miR-574-3p in ESCC cells. A, QRT-PCR assay was used to detect the 
expression level of ZEB2-AS1 in the nucleus and cytoplasm of KYSE30 and KYSE150 cells. B, The predicted sites of miR-
574-3p binding to ZEB2-AS1 were detected using DIANA tool. C, and D, Luciferase activity was measured in KYSE30 (C) 
and KYSE150 (D) cells cotransfected with ZEB2-AS1-WT or ZEB2-AS1-MUT and miR-574-3p or miR-NC using luciferase 
reporter assay. E, RNA pull-down was used to determine the enrichment level of ZEB2-AS1 in Bio-miR-NC and Bio-miR-574-
3p groups. F, The expression of miR-574-3p was detected in KYSE30 and KYSE150 cells transfected with si-NC or si-ZEB2-
AS1. G, The expression of miR-574-3p was detected in ESCC tissues and normal tissues. H, The expression of ZEB2-AS1 was 
significantly correlated with that of miR-574-3p in ESCC tissues through Pearson’s correlated analysis. 
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Figure 4. LncRNA ZEB2-AS1 regulated ESCC progression by sponging miR-574-3p. A, The expression of miR-574-3p was detected in KYSE30 and KYSE150 cells transfected 
with si-NC, si-ZEB2-AS1 or si-ZEB2-AS1+ anti-miR-574-3p via qRT-PCR. B, and C, Cell proliferation was measured in KYSE30 and KYSE150 cells transfected with si-NC, si-
ZEB2-AS1 or si-ZEB2-AS1+ anti-miR-574-3p using CCK-8 assay. D, Cell apoptosis rate was calculated in KYSE30 and KYSE150 cells transfected with si-NC, si-ZEB2-AS1 or 
si-ZEB2-AS1+ anti-miR-574-3p via flow cytometry. E, and F, Cell migration (E) and invasion (F) was detected in KYSE30 and KYSE150 cells transfected with si-NC, si-ZEB2-
AS1 or si-ZEB2-AS1+ anti-miR-574-3p using transwell assay. G, and H, The protein level of PCNA, Cleaved-caspase3 and MMP9 was measured in KYSE30 and KYSE150 cells 
transfected with si-NC, si-ZEB2-AS1 or si-ZEB2-AS1+ anti-miR-574-3p with Western blot. *p<0.05, ****p<0.01.
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Figure 5. LncRNA ZEB2-AS1 promoted HMGA2 expression by sponging miR-574-3p in ESCC cells. A, The predicted sites of miR-574-3p binding to 3’UTR of HMGA2 were 
detected using starBase. B, and C, Luciferase activity was measured in KYSE30 (B) and KYSE150 (C) cells cotransfected with HMGA2 3’UTR-WT or HMGA2 3’UTR-MUT 
and miR-574-3p or miR-NC using luciferase reporter assay. D, and E, The mRNA (D) and protein (E) expression of HGM was detected in KYSE30 and KYSE150 cells transfected 
with si-NC or miR-574-3p. F-H, The mRNA (F) and protein (G and H) expression of HMGA2 was detected in KYSE30 and KYSE150 cells transfected with si-NC, si-ZEB2-AS1 
or si-ZEB2-AS1+ anti-miR-574-3p via qRT-PCR and Western blot. J, The expression of HMGA2 was detected in ESCC tissues and normal tissues. K, The expression of HMGA2 
was significantly negative correlated with that of miR-574-3p in ESCC tissues through Pearson’s correlated analysis. L, The expression of HMGA2 was significantly positive 
correlated with that of ZEB2-AS1 in ESCC tissues through Pearson’s correlated analysis. 
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indicated that overexpression of HMGA2 could 
weaken the suppression effect of si-ZEB2-AS1 
on HMGA2 mRNA and protein expression in 
KYSE30 and KYSEE150 cells (Figure 6A and 
6B). Knockdown of ZEB2-AS1 significantly in-
hibited cell proliferation, invasion and migra-
tion, and promoted apoptosis, which was rescued 
by overexpression of HMGA2 (Figure 6C-6G). 
Furthermore, PCNA and MMP9 protein expres-
sion were inhibited and Cleaved-caspase3 pro-
tein expression was induced by downregulation 
of ZEB2-AS1, which was reversed by the pro-
motion of HMGA2 in KYSE30 and KYSEE150 
cells (Figure 6H and 6I). Thus, the restoration of 
HMGA2 reversed the effects of lncRNA ZEB2-
AS1 knockdown in ESCC cells.

Knockdown of ZEB2-AS1 Inhibited 
Tumor Growth In Vivo

To further investigate the effects of ZEB2-
AS1 on the formation of ESCC, we performed 
experimental validation in mice. We injected 
KYSE30 cells transfected with sh-con and sh-
ZEB2-AS1 subcutaneously into the right side 
of the nude mice (N=5). Tumor volume was 
measured every 7 days, and tumors were re-
moved after transfection for 35 days. The re-
sults showed that ESCC tumor volume and 
weight were significantly inhibited after KEB2-
AS1 was knocked out (Figure 7A and 7B).  
In ESCC tissues, Sh-ZEB2-AS1 significantly 
increased the expression of miR-574-3p and de-
creased the expression of ZEB2-AS1 (Figure 7C 
and 7D). In addition, the protein expressions of 
HMGA2, PCNA, and MMP9 were significantly 
lower in Sh-ZEB2-AS1 group than in the sh-con 
group, while the protein expression of cleaved-
caspase3 was reversed (Figure 7E). Therefore, 
the knockdown of ZEB2-AS1 inhibited tumor 
growth in vivo.

Discussion

Due to the complex etiology of esophageal 
cancer, the recurrence rate is high, and the 
prognosis is poor20. In order to further clarify 
the pathogenesis of ESCC and improve the ther-
apeutic effect, lncRNAs, which act as important 
regulators, needed to further investigation. In-
creasing reports21-25 showed that lncRNAs were 
involved in cellular processes, such as cell pro-
liferation and apoptosis in a variety of cancers. 
Moreover, lncRNAs were also associated with 

immune responses and drug sensitivity26,27. Ln-
cRNA PCAT1 was related to poor prognosis 
and contributed cell proliferation, invasion, mi-
gration, and EMT in osteosarcoma28. LncRNA 
has also been proposed to play roles in ESCC 
cellular process and metastasis29-31. LncRNA 
AFAP1-AS1 was upregulated in ESCC cells and 
promoted cell growth, as well as reduced cell 
apoptosis in ESCC32. In this study, consistent 
with previous research33, we found that lncRNA 
ZEB2-AS1 expression was increased in ESCC 
tissues and cells, indicating that ZEB2-AS1 was 
associated with ESCC formation. Moreover, Lan 
et al34 reported that ZEB2-AS1 participated in 
tumor growth and metastasis of hepatocellular 
carcinoma. Meanwhile, the similar function of 
ZEB2-AS1 has been verified in colon cancer, 
pancreatic cancer, bladder cancer, and gastric 
cancer16,17,19,35. However, the function of ZEB2-
AS1 in ESCC has not been fully clarified. Our 
study is the first to investigate that the knock-
down of ZEB2-AS1 could inhibit ESCC cell 
proliferation, invasion, and migration while pro-
moting apoptosis. 

Furthermore, we also explored the regulatory 
mechanism of ZEB2-AS1 in ESCC cell pro-
liferation. Gao et al17 reported that ZEB2-AS1 
affected pancreatic cancer formation and cell in-
vasion by modulating miR-204/HMGB1 axis. In 
this study, Luciferase reporter assay determined 
that miR-574-3p was a target miRNA of ZEB2-
AS1 and was negatively regulated in ZEB2-
AS1 expression. MiR-574-3p is also abnormally 
expressed in many types of cancer36-38. Su et 
al39 indicated that miR-574-3p had important 
biological significance in gastric cancer and was 
closely related to the early diagnosis of gastric 
cancer. Of note, in our study, we found that miR-
574-3p was downregulated in ESCC tissues and 
reduction of miR-574-3p could reverse the sup-
pressive effects of si-ZEB2-AS1 on ESCC cell 
growth, indicating that ZEB2-AS1 play roles in 
ESCC progression by targeting miR-574-3p.

In addition, we further explored the regulatory 
mechanism of ZEB2-AS1 and found that HM-
GA2 was a target mRNA of miR-574-3p. Func-
tional experiments showed that HMGA2 overex-
pression could weaken the repressive effects of 
knockdown of ZEB2-AS1 on ESCC cell progres-
sion. Many studies40-42 determined that HMGA2 
was closely related to EMT in human pancreatic 
cancer cells and gastric cancer. Sun et al43 report-
ed that HMGA2/TET1/HOXA9 axis participated 
in the regulation of breast cancer growth and 
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Figure 6. Restoration of HMGA2 reversed the effects of lncRNA ZEB2-AS1 knockdown in ESCC cells. A, and B, The mRNA (A) and protein (B) expression of HMGA2 was 
detected in KYSE30 and KYSE150 cells transfected with si-NC, si-ZEB2-AS1 or si-ZEB2-AS1+ HMGA2 via qRT-PCR. C, and D, Cell proliferation was measured in KYSE30 
(C) and KYSE150 (D) cells transfected with si-NC, si-ZEB2-AS1 or si-ZEB2-AS1+ HMGA2 using CCK-8 assay. E, Cell apoptosis rate was calculated in KYSE30 and KYSE150 
cells transfected with si-NC, si-ZEB2-AS1 or si-ZEB2-AS1+ HMGA2 via flow cytometry. F, and G, Cell migration (F) and invasion (G) was detected in KYSE30 and KYSE150 
cells transfected with si-NC, si-ZEB2-AS1 or si-ZEB2-AS1+HMGA2 using transwell assay. H, and I, The protein level of PCNA, Cleaved-caspase3, and MMP9 was measured 
in KYSE30 (H) and KYSE150 (I) cells transfected with si-NC, si-ZEB2-AS1 or si-ZEB2-AS1+HMGA2 with Western blot. *p<0.05, **p<0.01.
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metastasis. In ESCC, HMGA2 has been reported 
to be a target gene of miR-490-3p, miR-125b-5p, 
and miR-195 and regulated cancer formation, 
cell proliferation, metastasis, and apoptosis. In 
our study, we first verified that ZEB2-AS1/miR-
574-3p/HMGA2 axis played an essential role in 
ESCC cell proliferation, invasion, migration, and 
apoptosis. Taken together, our findings revealed 
the novel regulatory mechanism of lncRNA in 
ESCC progression.

Conclusions

In this paper, we first verified the novel regula-
tory mechanism of lncRNA ZEB2-AS1 in ESCC 
cellular process. LncRNA ZEB2-AS1 promoted 
the proliferation, migration, and invasion of ES-
CC by modulating miR-574-3p/HMGA2 axis, 
indicating ZEB2-AS1 played essential roles in 
cell progression in ESCC and providing a new 
therapeutic target of ESCC.
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