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Abstract
Oral squamous cell carcinoma (OSCC) is one of the most common types of cancer worldwide. Accumulating evidence has shown

that long noncoding RNAs (lncRNAs) serve important roles in the development of OSCC. The purpose of this study was to inves-

tigate the biological function and underlying regulatory mechanism of lncRNA homeobox A cluster antisense RNA2 (HOXA-AS2) in

OSCC. RT-qPCR was performed to analyze the HOXA-AS2 expressions in human immortalized oral epithelial cell (HIOEC) line,

human OSCC cell lines, and plasma. The expression of HOXA-AS2 and enhancer of zeste 2 polycomb repressive complex 2 subunit

(EZH2) in Tca-8113 cells were knocked down or overexpressed by transfection with shRNA-HOXA-AS2 or pcDNA-EZH2, respec-

tively. The interaction between HOXA-AS2 and EZH2 was validated by RNA immunoprecipitation assay. In addition, cell proliferation

was assessed by CCK-8 and EdU assays. Cell cycle distribution was analyzed by flow cytometry. Cell migration and invasion were

detected using wound healing and Transwell assays, respectively. Apoptosis was detected by TUNEL staining. The protein expression

levels of cell cycle and apoptosis-related proteins were measured by western blot analysis. Compared with HIOEC cells, HOXA-AS2

expression in OSCC cells was upregulated. HOXA-AS2 knockdown significantly inhibited Tca-8113 cell proliferation, blocked the cell

cycle by arresting cells in the G0/G1 phase, promoted apoptosis, and suppressed migration and invasion. In addition, HOXA-AS2 was

predicted to directly target EZH2 and positively regulate EZH2 expression. EZH2 overexpression could reverse the inhibitory effect

of HOXA-AS2 knockdown on the proliferation, migration, and invasion of Tca-8113 cells. In summary, the findings suggested that

HOXA-AS2 may inhibit cell proliferation, invasion, and migration, induce cell cycle arrest in the G0/G1 phase, and increase cell apo-

ptosis by targeting EZH2. The research indicated that HOXA-AS2/EZH2 axis may play a key role in the development of OSCC.
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Introduction
Oral squamous cell carcinoma (OSCC) is a common malignant
tumor of the head and neck, accounting for ∼3% of all systemic
malignant tumors.1 At present, although most OSCC cases are
treated by surgical resection, radiotherapy and chemotherapy,
the prognosis remains poor and serious side effects from the
treatment often occur. Previous studies have reported that
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metastasis is a major problem hindering in the treatment of
OSCC and is, therefore, considered to be the primary factor
affecting the prognosis of patients with OSCC.2 Once metasta-
sis occurs in patients with OSCC, the cancer is difficult to effec-
tively treat, resulting in a 5-year survival rate of 10% to 50%.3

Therefore, it remains an urgent priority to investigate the under-
ling mechanisms of metastasis in OSCC to identify novel ther-
apeutic targets and diagnostic markers.

Long noncoding RNAs (lncRNAs) are a type of nonprotein
coding transcript of >200 nucleotides in length. Accumulating
evidence has indicated that the biological functions of
lncRNAs are complex but are closely associated with the pro-
liferation, invasion, metastasis, and recurrence of tumors.4,5

For instance, lncRNA TMPO-AS1 facilitates OSCC metasta-
ses via activating GLI1 by targeting LAP2a.6 Gao et al7 dem-
onstrated that the expression levels of lncRNAs were
associated with the TNM stage and lymph node metastasis
in patients with tongue squamous cell carcinoma (TSCC),
which verified that the abnormal regulation of lncRNAs
was associated with the biological activity of TSCC. An
increasing number of studies have also reported that the
expression levels of homeobox A cluster antisense RNA2
(HOXA-AS2) in various malignant tumors, which either
regulated the expression levels of related genes.8 In hepato-
cellular carcinoma, HOXA-AS2 promoted the epithelial–
mesenchymal transition (EMT) of HCC cells by regulating
the microRNA-520c-3p/glypican 3 regulatory axis.9 In gall-
bladder carcinoma (GBC), HOXA-AS2 overexpression sig-
nificantly enhanced the proliferation and EMT of GBC
cells.10 In bladder cancer, HOXA-AS2 promoted the prolifer-
ation and invasion of bladder cancer 5637 and T24 cells by
downregulating miR-125b expression.11 The overexpression
of HOXA-AS2 significantly enhanced nasopharyngeal carci-
noma progression, including the cell proliferative, migratory,
and invasive abilities.12 However, to the best of our knowl-
edge, little is known concerning the effects of HOXA-AS2
on the proliferation, migration, and invasion of OSCC cells.
To gain a more comprehensive understanding of the role of
HOXA-AS2 in all kinds of tumors, it is necessary to
analyze the regulatory functions of HOXA-AS2 in
OSCC cells.

Enhancer of zeste 2 polycomb repressive complex 2
subunit (EZH2) is a novel human gene that was discovered
in 1996 and located on human chromosome 21q22.2, where
it is associated with Down’s syndrome. As an important onco-
gene, EZH2 has been widely studied in various tumor types.
For example, upregulated expression levels of EZH2 were
found to be closely associated with cell proliferation and prog-
nosis in OSCC.13 Another previous study demonstrated that
HOXA-AS2 promoted colorectal cancer cell proliferation
via downregulating P27 expression levels by targeting
EZH2.14 However, whether HOXA-AS2 could regulate the
progression of OSCC cells through targeting EZH2 has not
been investigated to date.

Based on these aforementioned findings, the present study
aimed to investigate HOXA-AS2 expression levels in OSCC

cells and to determine the effects of HOXA-AS2 on the prolif-
eration, migration, invasion, and apoptosis of OSCC cells.

Methods

Cell Culture
The human immortal oral epithelial cells (HIOEC) and human
oral squamous cell carcinoma cells (Tca-8113) were purchased
from Type Culture Collection of Chinese Academy of Sciences.
All other OSCC cells (CAL-27, SCC-4, SCC-9, and SCC-15)
were obtained from the American Type Culture Collection
(ATCC). HIOEC cells were cultured in a defined
keratinocyte-SFM medium (Gibco), while the other cells were
cultured in DMEM supplemented with 10% FBS, 100 U/mL
penicillin, and 100 U/mL streptomycin (Sigma). Cells were
maintained in a fully humidified atmosphere containing 5%
CO2 at 37 °C. The medium was changed regularly to observe
the proliferation of cells over time. Cells were passaged when
the cell confluence reached 90%. Cells in the logarithmic
phase were used for subsequent experiments.

Cell Transfection
The short-hairpin RNA (shRNA) against HOXA-AS2
(shRNA-HOXA-AS2-1 and shRNA-HOXA-AS2-2) and corre-
sponding empty vector (shRNA-NC) were purchased from
GenePharma. The pcDNA-EZH2 and the empty vector
pcDNA-NC were constructed from Sangon Biotech.
Tca-8113 cells (1× 106 cells/well) were inoculated into
12-well plates and then transfected with shRNA-NC,
shRNA-HOXA-AS2, pcDNA-NC, and pcDNA-EZH2 using
Lipofectamine® 3000 reagent (Thermo Fisher Scientific) fol-
lowing the manufacturer’s instruction. After 48 h, RT-qPCR
was used to assess the transfection efficiencies. The transfected
cells were collected for the next experiments.

RT-qPCR Analysis
Total RNA was extracted from cells using Trizol reagent
(Invitrogen). The purity and quality of RNA and cDNA were
assessed by the optical density (OD) at 260 and 280 nm, respec-
tively, using an ultraviolet spectrophotometer (Thermo). Total
RNA was reverse transcribed into cDNA and subsequently
underwent qPCR using an All-in-One™ qRT-PCR Detection
Kit (GeneCopoeia), according to the manufacturer’s protocol.
qPCR was performed on an ABI Prism 7900HT instrument
(Applied Biosystems). The following thermocycling conditions
were used for the qPCR: Initial denaturation at 95 °C for 5 s;
followed by 45 cycles of denaturation at 95 °C for 20 s, anneal-
ing at 58 °C for 20 s, and a final extension at 72 °C for 30 s. The
primer sequences are as follow: HOXA-AS2: forward,
5′-AACCCATCTTTGCCTTCTGC-3′, reverse, 5′-CGGAGG
AGTTTGGAGTTGG-3′; EZH2: forward, 5′-TGCACATCC
TGACTTCTGTG-3′, reverse, 5′-AAGGGCATTCACCAA
CTCC-3′; GAPDH: forward, 5′-GAAGAGAGAGACCCTCA
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CGCTG-3′, reverse, 5′-ACTGTGAGGAGGGGAGATTC
AGT-3′. The relative expression of target gene was calculated
by the 2−ΔΔCT method15 and normalized to GAPDH.

CCK-8 Assay
Transfected cells in the logarithmic phase were seeded into
96-well plates at the density of 2 × 103 cells/well for routine
culture. Following 24, 48, or 72 h of culture, 10 μL of CCK-8
solution (Dojindo Molecular Technologies, Inc.) was added to
each well and incubated for another 2 h at room temperature.
The absorbance of each well was measured using a microplate
reader (Bio-Rad) at a wavelength of 450 nm.

EdU Staining Assay
Transfected cells were seeded into 96-well plates at a density of
1 × 105 cells/mL and cultured overnight with 5% CO2 at 37 °C.
EdU assay was performed by the EdU immunofluorescence
staining kit (Ribobio). In short, cells of each group were first
incubated with 100 μL of EdU reagent for 4 h. Following incu-
bation, the culture medium was discarded, and cells were
washed twice with PBS. Next, cells were fixed with 4% parafor-
maldehyde for 15 min and stained with 5 μg/mL Hoechst 33342
for 30 min. Stained cells were visualized and imaged under a
fluorescence microscope (Olympus BX 60 fluorescence
microscope).

TUNEL Staining Assay
Tca-8113 cells were inoculated into sterilized slides. Apoptotic
cells were stained using a TUNEL staining kit (Nanjing
KeyGen Biotech) following the manufacturer’s protocol.
Cells in the section were observed by inverted microscopy
(Nikon TS100) at 400× magnification and photographed.
Cells with brown-yellow nuclei were identified as positive apo-
ptotic cells.

Cell Cycle Assay
Cell cycle distribution was detected by the cell cycle detection
kit (KeyGen). Transfected cells were inoculated into 6-well
plates at the density of 1× 106 cells/mL and cells were fixed
with 70% ethanol at 4 °C overnight. Next, cells were washed
with PBS for 3 times and co-incubated with 0.25 mg/mL
RNaseA for 30 min at 37 °C. Then 50 μg/mL PI was then
added to the cell suspension and continue to incubate for
30 min in the dark. The cells were analyzed in FL2 channel
of flow cytometry (FACScan, Becton 4 Dickinson).

Cell Migration Assay
Cell migration was analyzed by the wound healing assay. Cells
were inoculated into 24-well plates at the density of 2×
105 cells/mL. After the cells were close to full confluency, the
layer of cells was scratched to form wounds with a sterile

200 µL pipette tip and cultured with serum-free medium for
24 h. The image of the scratched area was captured after 0
and 24 h. The %age of cell migration was analyzed by
ImageJ software (NIH).

Cell Invasion Assay
A Transwell assay was used to evaluate cell invasion using an
8 µm pore Transwell chamber (Corning) precoated with 5 µL
Matrigel (Becton Dickinson) at room temperature for 24 h.
Briefly, 5× 104 cells/well were plated into the upper chambers
of Transwell plates. Meanwhile, the complete medium supple-
mented with 10% FBS was added into the lower chambers.
After 24 h of routine culture, cells remaining in the upper
chamber were removed by washing with PBS and invasive
cells in the lower chamber were fixed and stained with methanol
and crystal violet. Invasive cells were observed and counted
using an inverted microscope (Nikon).

RNA Immunoprecipitation Assay
A RIP assay was performed using the Magna RIP
RNA-Binding Protein Immunoprecipitation kit (EMD
Millipore) according to the manufacturer’s protocols. Cells
were incubated with anti-EZH2 antibody (#5246, Cell
Signaling Technology) or anti-IgG antibody as a control.
Co-precipitated RNAs were analyzed using RT-qPCR.

Western Blot Analysis
Total proteins were extracted with RIPA lysis and protein con-
centrations were determined with a Pierce® BCA Protein Assay
Kit (Thermo Fisher). Total proteins were separated via 12%
SDS-PAGE, and the separated proteins were transferred onto
PVDF membranes (Millipore) and blocked with 5% skimmed
milk powder for 1 h at 37 °C. These membranes were subse-
quently treated with the following primary antibodies (all
from Cell Signaling Technology Inc.) against CDK2 (1:1000;
cat. no. #2546), cyclin E1 (1:1000; cat. no. #20808), P27
(1:1000; cat. no. #3686), MMP2 (1:1000; cat. no. #40994),
MMP9 (1:1000; cat. no. #13667), Bcl-2 (1:1000; cat. no.
#3498), Bax (1:1000; cat. no. #5023), Cleaved-caspase3
(1:1000; cat. no. #9661), caspase3 (1:1000; cat. no. #9662),
and GAPDH (1:1000; cat. no. #5174) at 4 °C overnight, respec-
tively. Following the primary antibody incubation, membranes
were washed in TBST and then incubated with HRP-conjugated
goat antirabbit secondary antibody (1:5000; cat. no. A0208;
Beyotime Institute of Biotechnology) at room temperature for
2 h. Protein bands were visualized using an ECL kit (GE
Healthcare Inc.). GAPDH was taken as an internal reference.
Protein expression analysis was performed using Image J soft-
ware (National Institute of Health) to calculate the relative
protein expression.
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Statistical Analysis
Statistical analysis was performed using GraphPad Prism6.0
software (GraphPad Software Inc.). Data are presented as the
mean ± standard deviation (SD) and statistical differences
between groups were analyzed using a 1-way ANOVA fol-
lowed by a Tukey’s post hoc test. P< .05 was considered to
indicate a statistically significant difference.

Results

HOXA-AS2 Knockdown Inhibited the Proliferation of
Tca-8113 Cells
The expression levels of HOXA-AS2 in the serum of patients
with OSCC are significantly higher than that of normal
patients (Figure 1a). Besides, HOXA-AS2 expression in 5
OSCC cell lines (CAL-27, Tca-8113, SCC-4, SCC-9, and
SCC-15) and one normal oral epithelial cell line (HIOEC)
were then first determined by RT-qPCR. As shown in
Figure 1b, compared with the HIOEC cells, HOXA-AS2
expression in OSCC cells was significantly upregulated. In
particular, HOXA-AS2 expression was highest in Tca-8113
cells. Therefore, Tca-8113 cells were selected for use in subse-
quent experiments. Tca-8113 cells were subsequently trans-
fected with shRNA-NC, shRNA-HOXA-AS-1, and
shRNA-HOXA-AS-2. RT-qPCR analysis revealed that
HOXA-AS2 knockdown significantly downregulated
HOXA-AS2 expression compared with the control group,

with the expression levels of HOXA-AS2 downregulated to
the greatest extent in the shRNA-HOXA-AS2 to 1 group
(Figure 1c). Cell viability and proliferation were determined
using CCK-8 and EdU assays, respectively. The results of
the CCK-8 and EdU assays demonstrated that HOXA-AS2
knockdown significantly reduced the viability and proliferation
of Tca-8113 cells (Figure 1d and e). These results indicated
that HOXA-AS2 knockdown may inhibit the proliferation of
Tca-8113 cells.

HOXA-AS2 Knockdown Induced Cell Cycle Arrest in
Tca-8113 Cells
The cell cycle distribution and expression levels of cell
cycle-related proteins were assessed by flow cytometry and
western blotting, respectively. As shown in Figure 2a and b,
compared with the control group, HOXA-AS2 knockdown
increased the proportion of cells in the G0/G1 phase and
decreased the proportion of cells in the S phase. It suggested
that HOXA-AS2 knockdown could arrest Tca-8113 cells in
the G0/G1 phase. Subsequently, the results of western blotting
analysis showed that compared with the control group,
HOXA-AS2 knockdown significantly downregulated the
expression of CDK2 and cyclin E1, whereas the expression
of P27 was upregulated (Figure 2c and d). These results indi-
cated that HOXA-AS2 knockdown may induce cell cycle
arrest in Tca-8113 cells.

Figure 1. HOXA-AS2 knockdown inhibits the proliferation of Tca-8113 cells: (a) HOXA-AS2 mRNA expression in the serum of patients with
OSCC. (b) HOXA-AS2 mRNA expression in HIOEC and human oral squamous cell carcinoma cells as analyzed by RT-qPCR. ***P< .001
versus HIOEC. (c) Knockdown efficiency of HOXA-AS2 expression was detected by RT-qPCR. (d) Cell viability in each group following
transfection was detected using CCK-8 assay. (e) Cell proliferation was assessed by EdU assay. ###P< .001 versus shRNA-NC.
Abbreviations: HOXA-AS2, homeobox A cluster antisense RNA2; OSCC, oral squamous cell carcinoma; HIOEC, human immortal oral epithelial cells.
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HOXA-AS2 Knockdown Inhibited the Migration and
Invasion of Tca-8113 Cells
In view of the fact that metastasis is considered to be the primary
factor affecting the prognosis of patients with OSCC. Cell migra-
tion and invasion were then detected by wound healing and
Transwell assays, respectively. The results of the wound
healing assay revealed that HOXA-AS2 knockdown significantly
suppressed the migration of Tca-8113 cells compared with the
control group (Figure 3a and c). Similarly, HOXA-AS2 knock-
down could also significantly inhibited invasion compared with
the control group (Figure 3b and d). In addition, the expressions
of invasion-related proteins (MMP2 and MMP9) were measured
by western blotting analysis.16 The results demonstrated that
HOXA-AS2 knockdown significantly downregulated the expres-
sions of MMP2 and MMP9 in Tca-8113 cells (Figure 3e and f).
Taken together, these results indicated that HOXA-AS2 knock-
down may inhibit migration and invasion of Tca-8113 cells.

HOXA-AS2 Knockdown Promotes the Apoptosis of
Tca-8113 Cells
Cell apoptosis was detected by TUNEL staining assay and
western blotting analysis. Positive TUNEL staining was indicated
by a brownish-yellow staining of cells, and most of these cells
were also discovered to be apoptotic in morphology. Compared
with the control group, the number of TUNEL-positive cells
was significantly increased in the shRNA-HOXA-AS2 to 1
group, indicating that HOXA-AS2 knockdown significantly pro-
moted the apoptosis of Tca-8113 cells (Figure 4a). Moreover, the
pro- and antiapoptotic protein expressions in Tca-8113 cells were
measured by western blotting analysis. The results demonstrated
that HOXA-AS2 knockdown significantly downregulated the
expression of Bcl-2, while the expression levels of Bax and
Cleaved-caspase 3 were upregulated (Figure 4b and c). These
results suggested that HOXA-AS2 knockdown may promote
the apoptosis of Tca-8113 cells.

Figure 2. Homeobox A cluster antisense RNA2 (HOXA-AS2) knockdown-induced cell cycle arrest in Tca-8113 cells: (a) Cell cycle distribution
was detected by flow cytometry. (b) Quantitative analysis of cell cycle distribution of Tca-8113 cells transfected with shRNA-HOXA-AS2 to 1. (c)
Protein expression levels of CDK2, cyclin E1, and P27were analyzed bywestern blotting. (d) Semiquantification of the expression levels of proteins
presented in part (c), GAPDH was used as the control. ***P< .001 versus shRNA-NC.
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HOXA-AS2 Directly Target EZH2
A previous study reported that HOXA-AS2 promoted colorec-
tal cancer cells proliferation by targeting EZH2.14 Therefore,
RIP assays were performed to validate the interaction
between HOXA-AS2 and EZH2 in OSCC. The results of the
RIP assay identified an association between HOXA-AS2 and
EZH2 in Tca-8113 cells (Figure 5a). Moreover, compared
with the control group, HOXA-AS2 knockdown significantly
downregulated EZH2 expression (Figure 5b). These results
indicated that HOXA-AS2 may target and positively regulate
EZH2 expression.

HOXA-AS2 Promoted the Proliferation, Migration, and
Invasion of Tca-8113 Cells by Upregulating EZH2
Expression
Finally, CCK-8, wound healing, and invasion assays were
performed to determine the role of EZH2 in the effect of
HOXA-AS2 knockdown. Tca-8113 cells were transfected
with pcDNA-NC and pcDNA-EZH2, and RT-qPCR analysis

revealed that EZH2 overexpression significantly upregulated
EZH2 expression compared with the control group
(Figure 6a). The results of the CCK-8 assay demonstrated
that, compared with the shRNA-HOXA-AS2 to 1 + pcDNA-
NC group, EZH2 overexpression alleviated the inhibitory
effect of HOXA-AS2 knockdown on cell viability
(Figure 6b). The results of the migration and invasion assays
found that, compared with the shRNA-HOXA-AS2 to 1 +
pcDNA-NC group, EZH2 overexpression could significantly
reversed the inhibitory effect of HOXA-AS2 knockdown on
cell migration and invasion (Figure 6c to f). In general, these
results suggested that HOXA-AS2 may promote the prolifera-
tion, migration, and invasion of Tca-8113 cells by upregulating
EZH2 expression.

Discussion
The results of the present study revealed that HOXA-AS2
expression levels were upregulated in OSCC cells compared
with human oral epithelial cells. HOXA-AS2 knockdown effec-
tively inhibited the proliferation, migration, and invasion of

Figure 3. Homeobox A cluster antisense RNA2 (HOXA-AS2) knockdown inhibits the migration and invasion of Tca-8113 cells: (a) Cell
migration was determined by wound healing assay. (b) Cell invasion was determined by Transwell assay. (c) Semiquantitative analysis of the
migration rate. (d) Semiquantitative analysis of invasion rate. (e) Protein expression levels of MMP2 and MMP9 were analyzed by western
blotting. (f) Semiquantitative analysis of the expression levels presented in part (e), GAPDH was used as the control. ***P < .001 versus
shRNA-NC.
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Figure 4. Homeobox A cluster antisense RNA2 (HOXA-AS2) knockdown promotes the apoptosis of Tca-8113 cells: (a) Apoptosis was detected
by TUNEL staining assay. (b) Protein expression levels of Bcl-2, Bax, Cleave-caspase3, and caspase3 were analyzed by western blotting.
(c) Semiquantitative analysis of the expression levels of Bcl-2, Bax, Cleaved-caspase3, and caspase-3 in different groups from part (b), GAPDH
was used as the control. ***P< .001 versus shRNA-NC.
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Tca-8113 cells, and induced apoptosis and cell cycle arrest in
Tca-8113 cells. In addition, HOXA-AS2 was found to directly
bind to the oncogenic factor EZH2, thereby suggesting the exis-
tence of a positive association between the expression levels of
HOXA-AS2 and EZH2. EZH2 overexpression alleviated the
inhibitory effects of HOXA-AS2 knockdown on the prolifera-
tion, migration, and invasion of Tca-8113 cells. The findings
of the present study may provide a greater understanding of
the underlying mechanism of HOXA-AS2 in OSCC metastasis
and provide a novel potential therapeutic target for the treatment
of OSCC.

OSCC is a multiple malignant tumor, which is prone to
develop lymph node metastasis and leads a poor prognosis in
patients. At present, surgical resection or lymph node dissection
is the current treatments used for OSCC clinically, but the post-
operative survival and quality of life of patients remains unsat-
isfactory.17 With the development of genomics, a set of
lncRNAs with more than 200 nt is abnormally expressed in a
variety of tumor cells, where they have been found to play
important roles in regulating the biological behavior of tumor
cells including proliferation, invasion, and metastasis.18,19

Therefore, the in-depth investigations of lncRNAs may help
to provide novel treatment strategies for OSCC. As a subset
of lncRNAs, HOXA-AS2 fulfills a carcinogenic role in many

kinds of cancers.8 Notably, HOXA-AS2 has been reported to
promote the metastasis in numerous tumor cells. For example,
in nonsmall cell lung cancer (NSCLC), HOXA-AS2 knock-
down significantly reduced the migration and invasion of
NSCLC cells by targeting miR-520 to 3p.20 In prostate
cancer, HOXA-AS2 knockdown inhibited tumor cell migration,
invasion, and EMT progression by downregulating PBX3.21 In
osteosarcoma, HOXA-AS2 promoted the EMT process in oste-
osarcoma cells by sponging miR-520 to 3p.22 In the present
study, the expression levels of HOXA-AS2 were found to be
upregulated in OSCC cells, which was consistent with the
results of previous studies. Results of the in vitro experiments
demonstrated that HOXA-AS2 knockdown significantly sup-
pressed the cell proliferation, migration, and invasion, and
induced cell cycle arrest and apoptosis. These results indicated
that the upregulation of HOXA-AS2 may be associated with the
malignant metastasis of OSCC, thereby demonstrating strong
potential as a novel biomarker of OSCC progression.

To further determine the potential mechanism of
HOXA-AS2 in OSCC, the present study used RIP assays; the
results revealed that HOXA-AS2 could directly bind to
EZH2, EZH2 is an oncogene that has been found to regulate
the silencing of downstream genes through the trimethylation
of histone 3 lysine 27 (H3K27me3). As an oncogenic growth

Figure 5. HOXA-AS2 directly target EZH2: (a) RIP assay was performed to determine the binding relationship between HOXA-AS2 and EZH2.
(b) Relative protein expression levels of EZH2 in different groups were determined by western blotting, GAPDH was used as the control.
***P< .001 versus shRNA-NC.
Abbreviations: HOXA-AS2, homeobox A cluster antisense RNA2; EZH2: enhancer of zeste 2 polycomb repressive complex 2 subunit; RIP: RNA
immunoprecipitation.
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Figure 6. HOXA-AS2 promotes the proliferation, migration, and invasion of Tca-8113 cells by upregulating EZH2 expression: (a) Transfection
efficiency of EZH2 expression was detected by qRT-PCR. (b) Cell viability in each group following transfection was detected using CCK-8
assay. (c) Cell migration was determined by wound healing assay. (d) Cell invasion was determined by Transwell assay. (e) Semiquantitative
analysis of the migration rate from part (c). (f) Semiquantitative analysis of the invasion rate from part (d). *P < .05 and ***P< .001 versus
shRNA-HOXA-AS2 to 1 + pcDNA-NC.
Abbreviations: HOXA-AS2, homeobox A cluster antisense RNA2; EZH2: enhancer of zeste 2 polycomb repressive complex 2 subunit.
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factor, it was also demonstrated to play an important role in the
regulation of tumor cell proliferation, differentiation, migration,
and tumorigenesis.23 A previous study reported that the upregu-
lated expression levels of EZH2 were associated with the poor
prognosis of OSCC.13 Wu et al24 found that lncRNA HOX tran-
script antisense RNA promoted the invasion and metastasis of
OSCC cells by targeting EZH2. Hong et al25 reported that
lncRNA H1 sponged miR-138 to enhance the proliferative
and invasive abilities of OSCC cells by upregulating EZH2.
Thus, the findings of the aforementioned studies suggested
that EZH2 may play a key role in the OSCC progression. It is
also worthy to note that 1 study showed that HOXA-AS2
enhanced colorectal cancer cells proliferation by binding with
EZH2.14 Consistent with the previous findings, the expression
levels of EZH2 were upregulated in OSCC cells in the
present study. In fact, HOXA-AS2 could directly target EZH2
and regulate the expression of EZH2 in OSCC cells. In addition,
EZH2 overexpression reversed the effect of HOXA-AS2
knockdown on the proliferation, migration, and invasion of
OSCC cells.

In summary, the results of the present study indicated that
HOXA-AS2 may serve a role in OSCC progression as an onco-
gene. The expression levels of HOXA-AS2 were found to be
upregulated in OSCC cells and HOXA-AS2 knockdown signifi-
cantly decreased the proliferation, migration, and invasion of
OSCC cells, and promoted cell cycle arrest and apoptosis.
Notably, EZH2 overexpression effectively alleviated these
effects. To the best of our knowledge, the present study was
the first to report that HOXA-AS2 may affect the proliferation,
invasion, and metastasis of OSCC cells through EZH2, which
may provide a novel biological target for the treatment of OSCC.
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