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Background: Long non-coding RNAs (lncRNAs) are implicated in cancer-related biologi-
cal processes such as cell proliferation, cell cycle progression, cell migration, cell invasion, 
and chemoresistance. However, the effects of the lncRNA ZEB1-AS1 on oral squamous cell 
carcinoma (OSCC) have not been adequately demonstrated. The aims of our current study 
were to explore the roles of lncRNA ZEB1-AS1 in OSCC progression to reveal the potential 
mechanism.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was used to measure 
relative ZEB1-AS1 expression levels in OSCC tissues and adjacent non-cancerous tissues. 
The biological functions of ZEB1-AS1 in OSCC growth and progression were identified by 
cell proliferation, wound healing, and in vitro transwell assays as well as in vivo xenograft 
model. The underlying mechanism was detected with a dual-luciferase reporter (DLR) assay.
Results: The up-regulation of ZEB1-AS1 and downregulation of miR-23a-3p (miR-23a) 
were found in OSCC cancer tissues. A ZEB1-AS1 knockdown remarkably suppressed 
in vitro cancerous, biological processes of OSCC cell lines such as cell proliferation, 
invasion, migration, and epithelial–mesenchymal transition (EMT). The tumor growth was 
also inhibited by silencing ZEB1-AS1 in vivo, and a DLR assay confirmed the association 
between ZEB1-AS1 and miR-23a.
Conclusion: The newly identified lncRNA ZEB1-AS1 functions as a tumor promoter in 
OSCC through regulation of miR-23a. Based on these results, ZEB1-AS1 could be a valid 
molecular target for treating oral cancer.
Keywords: OSCC, lncRNA ZEB1-AS1, miR-23a, EMT

Introduction
Oral squamous cell carcinoma (OSCC) is the sixth most common malignant tumor 
in the world, and its morbidity and mortality have increased rapidly over the past 
decades.1 OSCC comprises approximately 3% of all newly diagnosed clinical 
cancer cases annually.2 Smoking, alcohol or areca abuse, and human papillomavirus 
(HPV) infections are the leading risk factors for OSCC.3 The rapid progression and 
invasive growth of OSCC mean that more than 60% of OSCC patients are diag-
nosed at an advanced stage and receive a poor prognosis.4,5 The 5-year overall 
survival (OS) rate of patients with OSCC is estimated to be less than 50% though 
considerable improvements have been made in surgical techniques, chemotherapy, 
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radiotherapy, and immunotherapy.6 Accumulating evi-
dence demonstrates that the main obstacles in OSCC treat-
ment are local recurrence and distant metastasis. 
Therefore, it is critical to investigate the molecular 
mechanisms related to OSCC recurrence and metastasis 
for a more functional cancer therapy approach.

Long non-coding RNAs (lncRNAs) are novel regula-
tors that are more than 200 nucleotides long and have 
limited protein-coding abilities. Their presence has been 
demonstrated in multiple biological processes, including 
metabolism, migration, apoptosis, cell proliferation, and 
genomic stability.7,8 Recently emerging evidence suggests 
that aberrant lncRNA expression levels occur frequently in 
human cancers, and these findings indicate that lncRNAs 
participate in tumor growth, angiogenesis, and metastasis.9 

For instance, Li et al demonstrated that the lncRNAs 
AC026904.1 and UCA1 contribute to breast cancer metas-
tasis by modulating the TGF-β-induced epithelial- 
mesenchymal transition (EMT) progress.10 Ni et al 
reported that the progression of hepatocellular carcinoma 
(HCC) can be inhibited by lncRNA uc.134 by suppressing 
LATS1 ubiquitination, which is mediated by CUL4A.11 

Therefore, understanding the potential role of lncRNAs 
in tumors represents a new direction to develop anti- 
cancer therapeutic strategies.

Recently, the role of ZEB1-AS1 as an oncogene has been 
determined in human cancers including lung adenocarci-
noma, esophageal squamous cell carcinoma (ESCC), and 
HCC.12–14 The lncRNA ZEB1-AS1 promotes tumor growth 
and metastasis by accelerating cell proliferation, migration, 
and tumor angiogenesis.14 Moreover, a study recently 
revealed that increased ZEB1-AS1expression levels are pre-
sent in cervical cancer and may be involved in EMT 
progress.15 However, the exact mechanisms of ZEB1-AS1- 
mediated OSCC proliferation and progression are still 
unclear. LncRNAs commonly exert their functions in tumor-
igenesis and tumor progression by interacting with miRNAs 
and modulating the expression of miRNA downstream tar-
gets. Accumulating evidences indicate that miRNA-23a may 
be a critical regulator in carcinogenesis and aberrant miR-23a 
expression has been detected in many cancers.16,17 Advances 
in cancer research have highlighted the cancer-promoting 
function of miR-23a in regulating cell proliferation, apopto-
sis, EMT and angiogenesis progress16,18 However, some 
recent studies reported that miR-23a is downregulated in 
certain cancer types, including nephroblastomas and 
osteosarcoma.19,20 Another group of researchers showed 
that miR-23a can exhibit pro-apoptotic functions.21 

Therefore, the detailed role(s) and molecular mechanism(s) 
of miR-23a in carcinogenesis still need to be studied.

Our study demonstrates that ZEB1-AS1 expression 
levels are markedly upregulated in OSCC tissues and 
correlates with tumor progression. The molecular mechan-
ism of ZEB1-AS1 in OSCC was explored using loss-of- 
function experiments. Our results showed that OSCC cell 
proliferation, invasion, and migration in vitro can be sup-
pressed by ZEB1-AS1 knockdown. We also demonstrated 
that OSCC tumor growth and EMT can be inhibited by 
silencing ZEB1-AS1 in vivo. Further mechanistic analysis 
revealed that ZEB1-AS1 is as a ceRNA of miR-23a. Our 
current study contributes to the potential functions of 
ZEB1-AS1 in OSCC, which can be considered a novel 
candidate for future oral cancer treatments.

Materials and Methods
Human Clinical Samples
The China Medical University provided 30 fresh OSCC 
tissues and adjacent non-cancer tissues collected from 
June 1, 2019, to December 30, 2019. The enrolled clinical 
samples met two inclusion criteria: (i) The pathological 
diagnosis is OSCC. (ii) The patient did not receive anti- 
cancer therapy (radiotherapy, chemotherapy, or biother-
apy) before the surgery. For the 5-year follow-up, a total 
of 88 liquid-nitrogen-preserved tissue specimens from 
patients with OSCC were provided by our hospital’s bio-
logical sample bank. All patients were informed of the 
complete experimental design and provided written 
informed consent before enrolling in the study. The 
tumor node metastasis (TNM) classification system of 
the Union for International Cancer Control (UICC) was 
used to determine primary tumor stages and the American 
Joint Committee on Cancer (AJCC) Criteria were applied 
to classifying the histological tumor grades of patient 
samples (Table 1). The median of lncRNA ZEB1-AS1 
expression (ΔCt=10.38) was used as a criterion to classify 
the gene expression level (high or low).

Cell Culture and Transfection
The OSCC cell lines (SCC9, SCC25, TSCCA, HN4, and 
CAL27) and the human normal oral epithelial cell line 
HOK were purchased from the Cell Bank of Chinese 
Academy of Sciences (Shanghai, China). Cell cultures 
were grown at 37°C in Dulbecco’s modified Eagle’s 
medium/F12 (DMEM/F12; Gibco, MD, USA) with 10% 
fetal bovine serum (FBS; Gibco, MD, USA) in 
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a humidified atmosphere (5% CO2, 95% air). Short- 
hairpin RNA (shRNA) specially targeted to ZEB1-AS1 
(sh-ZEB1-AS1), control shRNA (sh-NC), as well as 
mimics, inhibitors, and NC of miR-23a were obtained 
from Genepharma Corp., Ltd. (Shanghai, China). 
A 6-well plate with antibiotic-free medium was seeded 
with cells (5×105 cells/well) in the logarithmic phase 
before transfection. Lipofectamine 3000 (Invitrogen, 
CA, USA) was applied to transfect the oligonucleotides 
(50 pmol/mL) per manufacturer protocols. Experiments 
were conducted on the transfected cells 48h post- 
transfection.

Cell Cycle Analysis
Flow cytometry analyses were performed to detect the cell 
cycle distribution. Briefly, a standard trypsinization proce-
dure was used to collect the transfected cells 48h after 
shRNA transfection, and cells were fixed with 75% etha-
nol overnight at 4°C. RNase A work solution (0.01 mg/ 
mL) and propidium iodide (PI) solution (0.05 mg/mL) 
were then applied and incubated at room temperature 
(RT) for 30 min in the dark. The stained cells were 
analyzed by flow cytometry using a FACSCalibur system 
(BD Biosciences, CA, USA), and MultiCycle software 

(Phoenix Flow Systems, CA, USA) was used to analysis 
cell cycle distribution. The experiments in each group 
were completed in triplicate.

Cell Proliferation Assay
EdU cell proliferation assay was performed using a Click-iT 
EdU assay kit (Invitrogen, CA, USA) per manufacturer 
protocols. Briefly, the 6-well plates were seeded with cells 
(5×104 cells/well) in logarithmic phase and cultured for 24h 
at 37 °C. Cells were incubated in EdU work solution (20 
mM) at RT for another 2h. DAPI (1: 1000, Invitrogen, CA, 
USA) was used to stain the nuclei of cells fixed with 4% 
paraformaldehyde (PFA) following EdU incubation. An 
inverted fluorescent microscope (Leica DMI6000B, 
Wetzlar, Germany) was used to image EdU positive cells. 
Independent experiments were completed in triplicate.

Wound-Healing Assay
The migratory abilities of sh-ZEB1-AS1-transfected OSCC 
cells were determined using a wound-healing assay. Briefly, 
cells (2×105 cells/well) were seeded into 6-well-plates and 
incubated until they reached a confluent monolayer. Before 
wound-creation, the cells were grown in serum-free DMEM/ 
F12 medium for 24h. Subsequently, a 10-μL pipette tip was 
applied under sterile conditions to create an artificial wound 
on each plate. The cell debris was washed away with phos-
phate-buffered saline (PBS) after wound-creation, and the 
culture grown at 37°C in fresh DMEM/F12 medium for 
another 24h in a humidified atmosphere (5% CO2, 95% 
air). The average extent of wound closure was quantified. 
Experiments were completed independently in triplicate.

Cell Invasion and Migration Assay
The cell invasion and migration assays were performed 
using Transwell chambers (Corning, NY, USA) with or 
without pre-coated Matrigel (Corning, NY, USA), 
respectively. Cells (5×104 cells/well) were suspended 
in DMEM medium with 1% FBS and spread on the 
top transwell chamber. The chambers were incubated 
in a 24-well plate with culture medium supplemented 
with 10% FBS for 24h. The migrated or invasive cells 
were fixed in 4% PFA and stained with 0.1% crystal 
violet after careful removal of cells on the upper cham-
ber surface. The cells were counted in five random fields 
of each filter. Experiments were independently con-
ducted in triplicate.

Table 1 The Clinical Characteristics of the OSCC Patients

Features Patient Number ZEB1-AS1 
Expression

P value

n=30 Low High

Age (years) 0.0253*
≥60 18 6 12

<60 12 9 3

Gender 1.0000

Female 15 7 8

Male 15 8 7

Tumor size 0.2723

≥3cm 16 6 10
<3cm 14 9 5

TNM stage 0.0209*
I–II 19 13 6

III–IV 11 2 9

Differentiation 0.0022**
Poorly 22 7 15

Moderately well 8 8 0

Notes: For analysis of correlation between ZEB1-AS1 expression and clinical 
features, fisher exact tests were used. *P < 0.05; **P < 0.001. 
Abbreviations: OSCC, oral squamous cell carcinoma; TNM, tumor node 
metastasis.
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Tumor Xenograft Experiments
Twelve BALB/c nude mice (4–6 weeks old, male) pro-
vided by Shanghai Laboratory Animal Research Center 
(Shanghai, China) were housed in specific pathogen-free 
(SPF) conditions. SCC9 cells (5×106) stably infected with 
either sh-ZEB1-AS1 or empty vector were subcutaneously 
injected into the armpit regions of nude mice under sterile 
conditions. The formula (V=width2 × length × 0.5) was 
used to calculate the volume of each xenograft weekly. 
Mice were sacrificed 28 days post-implantation and the 
xenograft tissues carefully dissected and weighed. Each 
tumor xenograft sample was embedded in optimal cutting 
temperature compound (OCT) and sliced into 5 μm sec-
tions for immunohistochemical (IHC) analysis.

IHC Analysis
The indirect streptavidin-peroxidase method was used for 
IHC analyses. Briefly, the endogenous peroxidase activity 
of tissue sections was eliminated with 3% H2O2 and 
blocked with a normal goat serum seal solution for 30 
min at RT to prevent nonspecific binding. The tissues 
were incubated in anti-Ki67 primary antibodies overnight 
at 4°C. The next day, streptavidin-HRP-conjugated IgG 
(Beyotime, Shanghai, China) was applied to the sections 
prior to incubations at RT for another 2h, and the IHC 
reactions of tissues were detected using a DAB kit 
(Beyotime, Shanghai, China). Finally, the slides were 
observed under a phase contrast light microscope (Leica 
DMI6000B, Wetzlar, Germany). Image-Pro plus 6.0 soft-
ware (Media Cybernetics, USA) was used to calculate the 
average integral optical density of each tissue section from 
images in five random fields.

Dual-Luciferase Reporter Assay
The direct interaction of ZEB1-AS1 and miR-23a was 
confirmed using the DLR assay. We constructed wild- 
and mutated-type ZEB1-AS1 vectors (WT-ZEB1-AS1, 
MUT-ZEB1-AS1) by cloning the lncRNA ZEB1-AS1 
fragment into a psiCHECK2 vector (Promega, WI, 
USA). Co-transfection of recombinant plasmids (2ng) 
with either miR-23a (30 pmol) mimics or negative control 
(NC) was performed in 239T cells cultured in 24-well 
plates (6×104 cells/well) using Lipofectamine 3000 per 
manufacturer instructions (Invitrogen, CA, USA). The 
luciferase activity was measured with a Dual-Luciferase 
Assay Kit (Promega, WI, USA) after 48h transfection. 
Three independent experiments were conducted.

RT-qPCR Analysis
TRIzol (Invitrogen, CA, USA) was used to isolate total 
RNA from cells and tissues based on manufacturer proto-
cols. The quality and quantity of RNA was determined 
with an ultraviolet spectrophotometer (Thermo Fisher 
Scientific, CA, USA). Reverse transcription was carried 
out using the High-Capacity cDNA Reverse Transcription 
kit (Thermo Fisher Scientific, CA, USA). The cDNA 
template was amplified using the SYBR_PremixExTaq II 
kit (Takara, Dalian, China) on an ABI StepOne Real-Time 
PCR System (Applied Biosystems, CA, USA). For 
miRNA expression, the cDNA reverse transcription and 
qPCR were carried out with the PrimeScript® miRNA 
cDNA Synthesis kit (TaKaRa, Dalian, China) and the 
TaqMan Universal Master Mix II (Thermo Fisher 
Scientific, CA, USA), respectively. The expression levels 
of mRNAs or miRNAs were normalized against glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) or U6 
expression, respectively. The ΔCt or 2−ΔΔCt method was 
used to analyze the data. Table 2 displayed the primers 
used in our present study.

Western Blot Analysis
RIPA Lysis Buffer (Thermo Fisher Scientific, CA, USA) was 
used to isolate total proteins from cells or tissues. A BCA 
Protein Assay Reagent Kit (Beyotime, Shanghai, China) was 
used to measure protein concentration. Identical quantities of 
proteins were separated by 10% sodium dodecyl 

Table 2 The Sequences of the Primers

Gene Name Sequence (5ʹ- > 3ʹ)

LncRNA ZEB1-AS1 GCTCACGTGAAGTCCATC

CGACATCCTTGACGTTGCAC

miR-23a-3p GCGATCACATTGCCAGGG

CAGTGCGTGTCGTGGAGT

vimentin TGCCAACCGGAACAACGAT

AATTCTCTTCCATTTCACGCATC

N-cadherin CAAGATGGGTCAATGGAAATAG

CTCAGGAATACGAGCCTTCAC

E-cadherin GAGAACGCATTGCCACATACAC

AAGAGCACCTTCCATGACAGAC

U6 CTCGCTTCGGCAGCACA

AACGCTTCACGAATTTGCGT

GAPDH GCACCGTCAAGGCTGAGAAC

TGGTGAAGACGCCAGTGGA
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sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to polyvinylidene difluoride (PVDF) membranes 
(Millipore, MA, USA). The incubation of membranes with the 
primary antibodies, including anti-vimentin (1:2000), anti- 
N-cadherin (1:2000), and anti-E-cadherin (1:5000) was carried 
out overnight at 4°C after blocking with a 5% skim milk 
solution. The next day, the washed membranes were incubated 
in horseradish peroxidase-conjugated anti-rabbit secondary 
antibody. The antibodies in our present study were obtained 
from Abcam (Cambridge, USA). The ECL Western Blotting 
Kit (BioVision, CA, USA) was used to measure the protein 
bands on images taken by a ChemiDoc XRS system (Bio-rad, 
CA, USA).

Statistical Analysis
All data were presented as mean ± SD from at least three 
independent experiments. Comparisons were conducted 
using Student’s t-test (two-tailed) or one-way ANOVA as 
indicated. The differences among multiple groups were 
compared with the Kruskal–Wallis test (post-hoc 

Mann–Whitney U-test with Bonferroni’s). Kaplan-Meier 
survival curves were drawn with the Log rank test. 
P-values less than 0.05 were statistically significant in 
this study. The statistical analyses and plotting were per-
formed with GraphPad Prism 6.0 software (GraphPad 
Software, CA, USA) and R software.

Results
Overexpression of ZEB1-AS1 in OSCC 
Tissues Was Linked to Poor Patient 
Prognosis
The lncRNA ZEB1-AS1 and miR-23a expression levels in 
30 paired specimens (OSCC tissues and corresponding 
non-cancer tissues) were initially tested by qRT-PCR. 
The results showed that ZEB1-AS1 expression was 
increased and miR-23a expression levels were decreased 
in OSCC tissues compared to those in the corresponding 
non-cancer tissues (Figure 1A and D). To further explore 
ZEB1-AS1 effects on OSCC metastasis, the association 

Figure 1 ZEB1-AS1 overexpression in OSCC correlates with tumor progression and poor patient prognosis. (A, D) The relative expression of ZEB1-AS1 or miR-23a in 
OSCC and adjacent non-cancer tissues (n=30). (B, E) The relative expression of ZEB1-AS1 or miR-23a in OSCC tissues at different advanced stages of TNM. (C, F) The 
relative expression of ZEB1-AS1 or miR-23a in OSCC tissues at different pathology grades. (G, H) The relative expression of ZEB1-AS1 or miR-23a in the sera of OSCC 
patients pre- and post-operative. (I) Kaplan–Meier survival curve analysis of patients based on ZEB1-AS1 expression and OS rates. **P < 0.001; ***P < 0.0001. 
Abbreviations: OSCC, Oral squamous cell carcinoma; OS, overall survival.
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between ZEB1-AS1 expression and clinicopathological 
features was analyzed. These results demonstrated that 
ZEB1-AS1 expression levels were remarkably higher, 
and that miR-23a levels were markedly lower, in OSCC 
tissues at advanced TNM stages (Stage III–IV) compared 
to an early stage (Stage I) (Figure 1B and E). The expres-
sion trend for ZEB1-AS1was similar in the pathological 
grade analysis (Figure 1C and F). Serum expression levels 
of ZEB1-AS1 were also detected by qRT-PCR, and the 
results showed that ZEB1-AS1 and miR-23a expression 
levels were decreased and increased, respectively, in serum 
after the resection of OC tissues (Figure 1G and H). 
Furthermore, the OS rates were lower in patients with 
high ZEB1-AS1 expression compared to those with low 
expression levels as shown by a Kaplan-Meier analysis 
(Figure 1I). These results suggest that the overexpression 
of ZEB1-AS1 may be involved in the pathogenesis of 
OSCC and linked to the poor prognosis of OSCC patients.

ZEB1-AS1 Promoted OSCC Cell 
Proliferation
The expression levels of ZEB1-AS1 in OSCC cell lines 
were first determined by qRT-PCR to identify its roles in 
OSCC progression. The human normal oral epithelial cell 
line HOK was used as a control. The results showed that 
ZEB1-AS1 expression levels were markedly higher in all 
OSCC cells than in the HOK cell line (Figure 2A). SCC9 
and CAL27 cell lines were used to explore the effect of 
ZEB1-AS1 on OSCC cell proliferation. We established 
ZEB1-AS1-silenced cell models by transfecting OSCC 
cells with the sh-ZEB1-AS1 plasmid. The expression of 
ZEB1-AS1 decreased in both SCC9 and CAL27 cells after 
sh-ZEB1-AS1 transfection, which was confirmed by qRT- 
PCRs (Figure 2B and C). Next, an EdU cell proliferation 
assay showed that the proliferative abilities of OSCC cells 
were suppressed by ZEB1-AS1 knockdowns (Figure 2D- 
G). We also found a reduced percentage of cells in the 
S phase and an increased percentage of cells in the G2M 
phase in SCC9 and CAL27 cells with a ZEB1-AS1 knock-
down (Figure 2H-K). These findings suggest that lncRNA 
ZEB1-AS1 is a proliferative promoter in OSCC cells.

ZEB1-AS1 Promoted Migration and EMT 
in OSCC Cell Lines
The wound healing, cell invasion, and cell migration assays 
were performed in SCC9 and CAL27 cells to further study 
the effects of ZEB1-AS1 on OSCC metastasis. The results 

showed that the healed area (Figure 3A-D) and the number 
of migrated cells (Figure 3E-H) were remarkably reduced in 
ZEB1-AS1-knocked down cells compared to negative con-
trols. Next, we conducted an invasion assay to determine 
the role(s) of ZEB1-AS1 in the invasive capacities of OSCC 
cells. The invasion ability of SCC9 and CAL27 cells was 
dramatically suppressed by a ZEB1-AS1 knockdown com-
pared to negative controls (Figure 3I-L). We further used 
qRT-PCR to test the expression levels of EMT-related genes 
(vimentin, N-cadherin, and E-cadherin). There was 
a marked reduction in the expression levels of vimentin 
and N-cadherin in addition to upregulated expression of 
E-cadherin after silencing ZEB1-AS1 (Figure 3M and N). 
Similar results were observed for the protein levels mea-
sured by Western blot analysis (Figure 3O). These findings 
demonstrate that OSCC metastasis can be facilitated by 
ZEB1-AS1-mediated promotion of cell invasion, migration, 
and EMT.

ZEB1-AS1 Acted as a miR-23a Sponge in 
OSCC Cell Lines
A putative miR-23a binding site was predicted by bioin-
formatics to be in the 3ʹ-UTR of ZEB1-AS1 and was used 
to study the mechanism(s) of ZEB1-AS1-mediated OSCC 
cell growth and metastasis (Figure 4A). Next, we con-
ducted a DLR assay to evaluate the potential direct inter-
action between ZEB1-AS1 and miR-23a. The transfection 
of miR-23a mimics into WT-ZEB1-AS1 groups reduced 
the relative luciferase activity, whereas there was no 
change in the relative luciferase activity in the MUT- 
ZEB1-AS1 groups when transfected with miR-23a mimics 
(Figure 4B). Furthermore, miR-23a expression was 
increased by ZEB1-AS1 downregulation in OSCC cells 
(Figure 4C and D). These results indicated that ZEB1- 
AS1 interacted with and negatively regulated miR-23a in 
OSCC cells.

ZEB1-AS1 Suppressed Tumor Growth 
and Metastasis in Nude Mice
The nude mice xenograft tumor model was developed 
with SCC9 cells to study the roles of ZEB1-AS1 in 
tumorigenesis in vivo. All mice developed tumors after 
injection with SCC9 cells. The expression levels of 
ZEB1-AS1 and miR-23a were measured by qRT-PCR 
(Figure 5B and C). The volume of xenograft tumors was 
measured on days 3, 7, 14, 21, and 28 post-SCC9 cell 
injection. ZEB1-AS1 knockdown significantly reduced 
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Figure 2 ZEB1-AS1 knockdown inhibits OSCC cell proliferation in vitro. (A) The relative expression of ZEB1-AS1 in OSCC cell lines. (B, C) The expression of ZEB1-AS1 
in OSCC cell lines following sh-ZEB1-AS1 transfection. (D–G) EdU assay in OSCC cell lines following ZEB1-AS1 knockdown. (H–K) The percentage of cells at S phase 
following ZEB1-AS1 knockdown. Data are presented as the means ± SD. *P < 0.05; **P < 0.001; ***P < 0.0001. Scale bar=50μm. 
Abbreviation: OSCC, oral squamous cell carcinoma.
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the tumor volumes when compared to tumors in the NC 
groups (Figure 5A and D). A similar result was obtained 
for tumor weights (Figure 5E). We also performed an IHC 
stain to detect tumor cell proliferation in vivo. The Ki-67- 
positive cell rate was reduced in the sh-ZEB1-AS1 groups 
compared to the NC groups (Figure 5F and G). Moreover, 
we confirmed reduced protein levels of N-cadherin and 
vimentin as well as increased E-cadherin expression in 

the ZEB1-AS1 knockdown groups (Figure 5H). These 
findings indicate that ZEB1-AS1 promoted OSCC metas-
tasis by regulating cell proliferation and EMT 
progression.

Discussion
In our current study, the potential mechanisms of ZEB1- 
AS1 in OSCC growth and progression were elucidated. 

Figure 3 ZEB1-AS1 knockdown inhibited OSCC cell migration and invasion. (A–D) The cell migration distance following sh-ZEB1-AS1 transfection. (E–H) The number of 
migrated cells following sh-ZEB1-AS1 transfection. (I–L) The number of invaded cells following sh-ZEB1-AS1 transfection. (M, N) The expression of EMT-related genes 
vimentin, N-cadherin, and E-cadherin following sh-ZEB1-AS1 transfection in OSCC cell lines. (O) The protein levels of vimentin, N-cadherin, and E-cadherin following sh- 
ZEB1-AS1 transfection in OSCC cell lines. Data are presented as the means ± SD. *P < 0.05; **P < 0.001; ***P < 0.0001. Scale bar=50μm. 
Abbreviations: OSCC, oral squamous cell carcinoma; EMT, endothelial–mesenchymal transition.
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We first found that increased ZEB1-AS1 expression levels 
were present in both OSCC tumor tissues and cell lines, 
and that upregulated ZEB1-AS1 levels were associated 
with poor prognosis in OSCC patients. Moreover, the 
results of loss-of-function experiments demonstrated that 
the proliferation and EMT of OSCC cells could be sup-
pressed by a ZEB1-AS1 knockdown in vitro. We also 
showed that tumor growth and metastasis can be sup-
pressed by the knockdown of ZEB1-AS1 in vivo. 
Mechanistically, we demonstrated that ZEB1-AS1 is 
a sponge for miR-23a in OSCC cells. These results 
demonstrate that ZEB1-AS1 could be used as 
a biomarker for oral cancer diagnosis, and is promising 
for the development of biotherapeutics for the clinical 
treatment of this dangerous malignancy.

In human genome, more than 98% of RNA sequences 
are defined as non-coding RNAs (ncRNAs) due to their 

inability to encode proteins. LncRNAs are the main com-
ponents of ncRNAs, accounting for about 68% of total 
lncRNAs.22,23 Increasing evidence indicates that lncRNAs 
may participate in diverse cellular processes such as cell 
cycle progression, proliferation, migration, invasion, and 
chemoresistance.24,25 Therefore, the regulatory mechan-
isms of lncRNAs should be thoroughly explored for their 
potential to develop promising novel strategies to treat 
multiple diseases. The molecular features and functions 
of lncRNAs in cancer progression have been 
investigated.26,27 However, the expression levels and spe-
cific roles of lncRNAs in cancers including OSCC remain 
unclear. The expression levels and functions of lncRNAs 
may be vastly different among cell types due to their 
strong tissue specificity.28 This characteristic could lead 
to completely different biological functions of lncRNA on 
tumor growth and metastasis in different types of cancers. 

Figure 4 ZEB1-AS1 acted as a miR-23a sponge in OSCC cell lines. (A) The predicted binding sites between miR-23a and ZEB1-AS1. (B) Luciferase activity in 293T cells 
measured using a DLR assay. (C, D) Expression of miR-23a in OSCC cell lines following ZEB1-AS1 knockdown. Data are presented as the means ± SD. **, P < 0.001; ***, P < 
0.0001. 
Abbreviations: OSCC, oral squamous cell carcinoma; DLR, dual-luciferase reporter.
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For instance, Huang et al reported that lncRNA- NEAT1, 
acting as a ceRNA of miR-365, could induce cell cycle 
arrest in G0/G1 phase as well as promote cell proliferation 
and invasion by regulating the target RGS20 in OSCC 
cells.29 Wang et al demonstrated that delivery of lncRNA- 
H19 increased AMPKα expression and subsequently 
reduced MMP9 activation, which suppressed tumor metas-
tasis in gastric cancer.30

Considerable evidence indicates that lncRNA ZEB1- 
AS1 participates in diverse types of human cancers. Ni 
et al found that colon adenocarcinoma cell growth and 
metastasis could be facilitated by ZEB1-AS1 through 
competitive binding with miR-455-3p, which results in 
PAK2 overexpression induced by the PAK2 mRNA tran-
scripts releasing miR-455-3p.31 Qu et al reported that non- 
small cell lung cancer (NSCLC) progression was linked to 
the ZEB1-AS1/miR-409e-3p/ZEB1 feedback loop.32 

However, the exact mechanism for ZEB1-AS1 promotion 
of OSCC metastasis is still unknown. To investigate the 
role of ZEB1-AS1 in OSCC progression, we measured the 

expression of ZEB1-AS1 in five different OSCC cell lines. 
These oral cancer cell lines originated from tongue squa-
mous cell carcinoma tissue or laryngeal squamous cell 
carcinoma tissue, respectively. Previous studies demon-
strated that different oral cancer cell lines have their own 
biological characteristics and gene expression profiles. 
Confirm the aberrant ZEB1-AS1 expression in various 
oral cancer cell lines makes our results more convincing, 
and our results showed that all oral cancer cell lines used 
in the current study have a higher ZEB1-AS1 expression 
when compared with normal oral epithelial cell line HOK. 
Next, the cell lines SCC9 (lncRNA ZEB1-AS1 low 
expression) and CAL27 (lncRNA ZEB1-AS1 high expres-
sion) were chosen for functional studies. The malignant 
phenotypes, tumor cell invasion and migration EMT could 
promote distant metastases of tumors, and accumulating 
studies indicate that lncRNAs play important roles in this 
process. In our present study, the protein expression levels 
of EMT-related genes were measured by Western blot 
analysis to determine the potential for ZEB1-AS1- 

Figure 5 ZEB1-AS1 knockdown inhibited OSCC progression. (A) A gross look of xenograft tumors. (B, C) The relative expression of ZEB1-AS1 and miR-23a in OSCC 
xenograft tissues. (D) Tumor volumes were examined at days 3, 7, 14, 21, and 28 (n=6). (E) Tumor weights measured at day 28 (n=6). (F, G) Tumor cell proliferation was 
detected with IHC using an antibody against Ki-67. (H) The protein levels of vimentin, N-cadherin, and E-cadherin in OSCC xenograft tissues. Data are presented as the 
means ± SD. *, P < 0.05; ***, P < 0.0001. Scale bar=50μm. 
Abbreviation: OSCC, oral squamous cell carcinoma.
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mediated EMT in OSCC cells. The results showed that 
considerable N-cadherin, vimentin downregulation as well 
as E-cadherin overexpression were caused by ZEB1-AS1 
knockdowns both in vitro and in vivo. These findings 
suggest that OSCC cells may be promoted by ZEB1-AS1 
activity that promotes EMT.

Regarding the molecular mechanism, lncRNAs com-
monly exert their functions in tumorigenesis and progres-
sion through interactions with miRNAs and modulating 
expression of miRNA downstream targets. To identify 
the ZEB1-AS1 ceRNA network in OSCC cells, we used 
a bioinformatics analysis to identify a candidate miRNA, 
miR-23a. Our data showed that miR-23a expression levels 
were related to ZEB1-AS1 expression in OSCC clinical 
tissues and cell lines. Furthermore, we found that ZEB1- 
AS1 directly binds to miR-23a in OSCC cells, which was 
detected by a luciferase reporter assay. A limitation to this 
study was the lack of functional studies on ZEB1-AS1 and 
miR-23a, and further experimental models are warranted 
to confirm these results.

In summary, ZEB1-AS1 upregulation was correlated 
with aggressive OSCC phenotypes and a poor prognosis 
in patients with OSCC. The proliferation, cell cycle pro-
gression, invasion, migration, and EMT of OSCC cells can 
be promoted by ZEB1-AS1 expression. These results pro-
vide new insights into the regulatory effects of ZEB1-AS1 
on the progression of oral cancer and demonstrate that 
ZEB1-AS1 may potentially be used for the diagnosis and 
treatment of OSCC.

Abbreviations
OSCC, oral squamous cell carcinoma; DLR, dual- 
luciferase reporter; EMT, epithelial–mesenchymal transi-
tion; TNM, tumor node metastasis.
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