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IncRNA EZR-AS1 knockdown represses proliferation, migration
and invasion of ¢cSCC via the PI3K/AKT signaling pathway
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Abstract. Although long non-coding RNAs (IncRNAs) have
been implicated in various human cancer types, the role of
IncRNA ezrin antisense RNA 1 (EZR-ASI) in cutaneous squa-
mous cell carcinoma (cSCC) remains unclear. The present study
aimed to investigate the effect of INcRNAEZR-AS1 on ¢SCC
and identify the underlying molecular mechanisms. EZR-AS1
expression was measured in ¢cSCC tissue and cells detected
using reverse transcription-quantitative PCR. Gain-of-function
assays were performed in A431 cells, which have a relatively
low expression of EZR-ASI, while loss-of-function assays
were performed in SCC13 and SCL-1 colon cancer cells, which
have a relatively high expression of EZR-AS1. Cell viability,
proliferation, migration, invasion and apoptosis were assessed
using MTT, plate cloning, wound healing, Transwell and flow
cytometry assays, respectively. EZR-AS1 mRNA expression
levels were significantly upregulated in cSCC tissues and
cells compared with adjacent healthy tissues and HaCaT
cells, respectively. Compared with the small interfering RNA
(si)-negative control (NC) group, si-EZR-ASI significantly
inhibited SCCI13 and SCL-1 cell proliferation, migration and
invasion, but promoted cell apoptosis. By contrast, compared
with the pc-NC group, EZR-ASI1 overexpression significantly
enhanced A431 cell proliferation, migration and invasion,
but inhibited cell apoptosis. Moreover, focal adhesion kinase
(FAK) was identified as a target of EZR-AS1, and EZR-AS1
knockdown significantly decreased FAK expression compared
with the si-NC group. Moreover, EZR-AS1 knockdown
significantly downregulated the protein expression levels of
phosphorylated (p)-PI3K/PI3K and p-AKT/AKT in ¢cSCC
cells compared with the si-NC group. The PI3K agonist
740Y-P significantly reversed si-EZR-AS1-mediated effects
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on SCCI13 and SCL-1 cell proliferation, migration, invasion
and apoptosis. In conclusion, the present study demonstrated
that si-EZR-ASI inhibited cSCC cell proliferation, migration
and invasion, and promoted cell apoptosis, potentially via
regulating the PI3K/AKT signaling pathway. Therefore, the
present study provided novel insights into the diagnosis and
treatment of cSCC.

Introduction

Cutaneous squamous cell carcinoma (cSCC) is a malignant
tumor that originates from epidermal or appendage keratino-
cytes (1). cSCC primarily occurs in the elderly population in
light-exposed areas, including the scalp, face and back of the
hands (2). ¢SCC is not life threatening, but if left untreated
can grow larger or spread to other organs causing serious
complications, local lymph node metastases and distant metas-
tases (3). Previous studies have reported that cSCC accounts
for ~20% of all skin malignant tumors (4,5). For the majority
of patients with cSCC, a good prognosis can be achieved if the
lesion is completely removed by surgery. However, for patients
who cannot undergo surgery or have metastatic disease, radio-
therapy and chemotherapy are common treatment strategies
used. Although radiotherapy and chemotherapy have been
widely used for the treatment of cSCC, these strategies are
not recommended due to their side effects and inconsistent
therapeutic effects (6,7). Targeted molecular therapy has
become a recent trend in cSCC therapy (8), thus investigating
the molecular mechanism underlying cSCC progression is
important for the identification of novel therapeutic targets.
Long non-coding RNAs (IncRNAs) are non-coding RNAs
that are >200 nucleotides in length (9). Previous studies have
demonstrated that IncRNAs serve important roles in numerous
biological functions, including the dose compensation effect,
epigenetic regulation, cell cycle regulation and cell differentia-
tion regulation (10,11). In recent years, IncRNAs have become
a focus of research and increasing evidence has demonstrated
that IncRNAs regulate human cancer cell proliferation,
apoptosis, migration and invasion (12,13). Recent research
has reported that certain IncRNAs that might be involved in
tumorigenesis and development are differentially expressed
in tumor tissues compared with healthy tissues (14). IncRNA
ezrin antisense RNA 1 (EZR-AS1) is a natural antisense
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IncRNA transcribed from the opposite strand at the EZR
gene locus, which is located on chromosome 6q25.3, with
a length of 362 bp (15,16). Ghaffari er al (17) demonstrated
that EZR inhibition impedes breast cancer cell migration and
lymph node metastasis. Xie et al (18,19) reported that EZR
expression is related to poor overall survival of patients with
esophageal squamous cell carcinoma (ESCC). Furthermore,
EZR-AS1 knockdown significantly suppresses human breast
cancer MCF7 and MDA-MB-231 cell proliferation and cell
cycle progression (20). Zhang et al (21) reported that EZR-AS1
knockout significantly inhibited ESCC cell migration, reduced
tumor volume and weight, and decreased the number of
metastatic lymph nodes in mice (21). However, the biological
function of IncRNA EZR-ASI in cSCC cells and the under-
lying molecular mechanism are not completely understood.

PI3K/AKT s aclassical signaling pathway that serves a vital
role in carcinogenesis (22). The PI3K/AKT signaling pathway
regulates a variety of physiological functions, including cell
survival, proliferation, migration, invasion and protein transla-
tion (23,24). More importantly, it has been reported that the
PI3K/AKT signaling pathway critically controls cSCC cell
survival, and molecular alterations to the signaling pathway,
including phosphorylation of PI3K and AKT, have been widely
reported in cancer (22,25). Liu et al (15) have indicated that
silencing of IncRNA EZR-AS] inhibits proliferation, invasion,
and migration of colorectal cancer cells through blocking
TGF-p signaling. However, whether EZR-ASI could regulate
the PI3K/Akt signaling pathway in the progression of cSCC
remains unclear.

In the present study, we aimed to investigate whether
IncRNA EZR-ASI1 promote the progression of cSCC by
regulating the PI3K/Akt signaling pathway, thereby further
revealing the regulatory role of IncRNA EZR-ASI in ¢SCC
and helping to find new targets for the cSCC therapy.

Materials and methods

Clinical sample collection. A total of 66 cSCC tissues and
healthy adjacent non-cancerous tissues (1-2 cm from ¢SCC
tissues) were obtained from patients with ¢cSCC (37 males
and 29 females; age range, 25-79 years) who underwent
surgery at the Second Affiliated Hospital of Shandong First
Medical University (Tai'an, China) between January 2014 and
September 2019. All tissues were immediately frozen in liquid
nitrogen and stored at -80°C until further analysis. Written
informed consent was obtained from all patients. The present
study was approved by the Ethics Committee of The Second
Affiliated Hospital of Shandong First Medical University.

Cell culture. CSCC cell lines (SCL-1, SCC13, A431 and
HSC-5) and a human immortalized keratinocytes line (HaCaT;
cat. no. CC-Y1177) were obtained from EK-Biosciences. Cells
were cultured in RPMI-1640 (Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS (Sigma-Aldrich; Merck
KGaA) in a humidified environment with 5% CO, at 37°C. The
medium was changed every 2-3 days.

Cell transfection. At 70-80% confluence, SCC13, SCL-1 and
A431 cells were inoculated into a 6-cm culture dish. SCC13
and SCL-1 cells were divided into the following groups:

i) Control, untreated; ii) si-NC, transfected with 0.5 ug siRNA
NC (scrambled control); iii) si-EZR-ASI1-1, transfected with
0.5 pug siRNA-EZR-ASI1-1; iv) si-EZR-ASI1-2, transfected
with 0.5 ug siRNA-EZR-ASI1-2; v) pc-NC, transfected with
1 ug pcDNA3.1 NC (empty vector; Invitrogen; Thermo
Fisher Scientific, Inc.); vi) pc-FAK, transfected with 1 ug
pcDNA3.1-FAK (Invitrogen; Thermo Fisher Scientific,
Inc.); and vii) pc-FAK + si-EZR-ASI1-1, co-transfected with
1 ug pc-FAK and 0.5 pg si-EZR-ASI1-1. All siRNAs were
purchased from Shanghai GenePharma, Co., Ltd., whereas
plasmids were from Invitrogen (Thermo Fisher Scientific,
Inc.). A431 cells were divided into three groups: i) Control,
untreated; ii) pc-NC, transfected with 1 zg pcDNA3.1 NC; and
iii) pc-FAK, transfected with 1 g pcDNA3.1-FAK.

Cells were transfected using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). At 48 h post-trans-
fection, si-NC- and si-EZR-ASI1-1-transfected SCC13 cells
were cultured in RPMI-1640 containing 20 xM 740Y-P (a PI3K
agonist; MedChem Express) for 2 h at 37°C to establish the
following groups: i) Control, si-NC-transfected SCCI13 cells;
i) 740-YP, si-NC-transfected SCC13 cells treated with 740Y-P;
iii) si-EZR-ASI-1, si-EZR-AS1-1 transfected SCC13 cells; and
iv) 740-YP + si-EZR-ASI-1, si-EZR-AS1-1 transfected SCC13
cells treated with 740Y-P. After 48-h transfection at 37°C, cells
were used for subsequent experiments. The sequences of the
EZR-AS1 siRNAs were as follows: i) si-EZR-AS1-1, 5'-AAA
UAAUACUACAAUUAAA-3" ii) si-EZR-AS1-2, 5'-UUU
AAUUGUAGUAUUAUUU-3'; and iii) si-NC, 5'-UUCUCC
GAACGUGUCACGUTT-3.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from of cells (SCL-1, SCC13, A431,
HSC-5 and HaCaT cells) and tissues (healthy and cSCC
tissues) using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Total RNA was reverse transcribed into
cDNA using the PrimeScript™ RT Reagent Kit (Takara Bio,
Inc.). Reverse transcription was performed at 16°C for 30 min,
42°C for 30 min and 85°C for 5 min. Subsequently, SYBR®
Premix Ex Taq™ (Takara Biotechnology Co., Ltd.) was used
to examine the expression of IncRNA and mRNA. gPCR was
performed using the following thermocycling conditions:
94°C for 6 min; 35 cycles of 96°C for 20 sec, 58°C for 40 sec
and extension at 72°C for 2 min. The relative gene expression
was determined using the 2244 method (26). The following
primers were used for qPCR: EZR-ASI forward, 5'-CCCTCT
CCAATGAAGCCTCTC-3" and reverse, 5'-“ACCGAAAAT
GCCGAAACCAG-3" EZR forward, 5-TGATCACGCTGT
AAGGCACA-3' and reverse, 5~ AGGCCTCATGTACCC
CTCTT-3"; FAK forward, 5-CTATGGTGAAGGAAGTCG
GCTTGG-3' and reverse, 5S-TGTACTCTTGCTGGAGGC
TGGTC-3'; and GAPDH forward, 5"-TCCTCTGACTTCAAC
AGCGACAC-3' and reverse, 5-CACCCTGTTGCTGTAGCC
AAATTC-3". mRNA expression levels were normalized to the
internal reference gene GAPDH.

Western blotting. At 48 h post-transfection, total protein was
extracted from cells from each group using a Total protein
extraction kit (BestBio Science). Protein concentration was
determined using a bicinchoninic acid kit (Abcam). Proteins
(50 pg per lane) were separated by SDS-PAGE on 12%



MOLECULAR MEDICINE REPORTS 23: 76, 2021 3

gels and transferred to PVDF membranes. After blocking
with 5% dry skimmed milk for 2.5 h at room temperature,
the membranes were incubated with the primary antibodies
overnight at 4°C. The primary antibodies including PI3K
(1:1,000; cat. no. 4257), phosphorylated (p)-PI3K (1:1,000;
cat. no. 17366), AKT (1:1,000; cat. no. 4685), p-AKT (1:1,000;
cat. no. 4060), FAK (1:1,000; cat. no. 13009), matrix metallo-
peptidase (MMP)-2 (1:1,000; cat. no. 40994), MMP-9 (1:1,000;
cat. no. 13667), Bcl-2 (1:1,000; cat. no. 4223) and Bax (1:1,000,
cat. no. 14796) and p-actin (1:1,000; cat. no. 4970). All primary
antibodies were purchased form Cell Signaling Technology,
Inc. Subsequently, the membranes were incubated with a
horseradish peroxidase-conjugated goat anti-rabbit secondary
antibody (1:1,000; cat. no. A0277; Beyotime Institute of
Biotechnology) at room temperature for 45 min. Protein bands
were visualized using electrochemiluminescent solution
(Thermo Fisher Scientific, Inc.). Protein expression levels were
semi-quantified using ImageJ software (version 1.8.0; National
Institutes of Health).

LncRNA-EZR-ASI binding prediction with LncTar. To predict
the targeted mRNAs of IncRNA EZR-AS1, an ensemble
classifier-based predictor, IncLocator (http:/www.csbio.sjtu.
edu.cn/bioinf/IncLocator/) was performed in this study. The
operational process of IncLocator was conducted as previously
described (27). Briefly, both k-mer features and high-level
abstraction features generated by unsupervised deep models
were used to construct four classifiers for support vector
machine (SVM) and random forest (RF), respectively. A
stacked ensemble strategy was then used to combine the four
classifiers for final prediction results.

RNA immunoprecipitation (RIP) assay. The RIP assay was
performed using the Magna RIP kit (EMD Millipore) to verify
the binding relationship between EZR-AS1 and FAK. SCC13
and SCL-1 cells were lysed using RIP lysis buffer and then
incubated with anti-FAK or anti-IgG antibodies overnight
at 4°C, followed by incubation with protein A magnetic beads
at 4°C for 4 h. The co-precipitated RNAs were isolated to detect
the expression levels of EZR-AS1 and FAK via RT-qPCR.

Cell viability analysis. At 24, 48,72 and 96 h, cell viability in
each group was assessed by performing the MTT assay. Cells
were seeded into a 96-well plate at a density of 5x10° cells/well
and cultured at 37°C with 5% CO,. Subsequently, 20 ul MTT
solution (5 mg/ml; Sigma-Aldrich; Merck KGaA) was added
to each well and incubated at 37°C with 5% CO,. Following
incubation for 4 h, 150 1 DMSO was added to each well for
10 min with gentle agitation to dissolve the formazan crystals.
Absorbance was measured at a wavelength of 570 nm using a
microplate reader.

Plate cloning experiment.Cells in the logarithmic growth phase
of each group were collected and seeded (5x10? cells/well) into
6-well plates. Cells were cultured for 14 days and the medium
was changed every 2 to 3 days. After washing twice with PBS,
cells were fixed with 4% formaldehyde for 15 min at 37°C and
stained with crystal violet for 10-20 min at room temperature.
Following washing with distilled water, cell colonies were
observed and counted using a light microscope (Carl Zeiss

AG). Cell colonies were defined as cell clusters containing =50
cells. Images of the cell colonies were directly obtained using
a camera.

Wound healing assay. Cells were seeded into a 6-well plate
and cultured in RPMI-1640 supplemented with 10% FBS until
the cells were grown to 100% confluence. A 10 ul pipette tip
was used to create a scratch wound in the cell monolayer.
The medium was aspirated to remove the detached cells.
Serum-free medium (Gibco; Thermo Fisher Scientific, Inc.)
was added to the 6-well plate. At 0 and 48 h, cell migration was
observed using an inverted light microscope (magnification,
x100; Carl Zeiss AG) and photographed using a Cybershot
camera (Sony Corporation). Image-Pro Plus 6.0 software
(Media Cybernetics, Inc.) was used to quantify the wound
distance at 0 and 48 h. The percentage of gap closure was used
as an indicator of cell migration. The percentage of gap closure
is calculated as (average distance at O h-average distance at
48 h)/(average distance at 0 h) x100%.

Transwell invasion assay. At 48 h post-transfection, cells were
trypsinized and resuspended in serum-free medium. Matrigel™
(BD Biosciences) was used to precoat the membrane of the
upper chambers at 37°C for 2 h. Cells (1x10°) in serum-free
medium were plated into the upper chamber and medium
containing 15% FBS was plated into the lower chamber.
Following incubation at 37°C for 24 h, cells were rinsed with
PBS, fixed with 4% paraformaldehyde at room temperature for
15 min and stained with 0.1% crystal violet at 37°C for 30 min.
Invading cells were observed in five randomly selected fields
of view using an light microscope (magnification, x200; Carl
Zeiss AG).

Cell apoptosis assay. Cell apoptosis was detected via flow
cytometry using the Annexin V-PI kit (Invitrogen; Thermo
Fisher Scientific, Inc.). Briefly, cells were cultured at 37°C
with 5% CO, for 48 h. Cells were collected by centrifuga-
tion at 850 x g for 5 min at room temperature. A total of
1x10° cells were incubated with Annexin V in the dark at 4°C
for 20 min and then 10 pl PI in the dark for 15 min. Cell apop-
tosis was acquired using a FACSCalibur flow cytometer (BD
Biosciences) and analyzed on FlowJo 7.0 software (FlowJo
LLC). The sum of early apoptotic cells and late apoptotic cells
was assessed.

Statistical analysis. Data are presented as the mean + SD of
at least three independent experiments. Statistical analyses
were performed using GraphPad Prism software (version 7.0;
GraphPad Software, Inc.). Comparisons between two
matched groups were analyzed using paired Student's t-tests.
Comparisons among multiple groups were analyzed using
one-way ANOVA followed by Tukey's post hoc test. The data
presented in Table I was analyzed using the ¥ test. P<0.05
was considered to indicate a statistically significant difference.
Experiments were repeated at least three times.

Results

IncRNA EZR-ASI expression is upregulated in cSCC cells.
EZR-AS1 mRNA expression levels were significantly
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Figure 1. Long non-coding RNA EZR-AS1 expression is upregulated in cSCC cells. (A) EZR-ASI mRNA expression levels in ¢SCC tissues and healthy
adjacent tissues. (B) EZR-AS1 mRNA expression levels in cSCC cell lines (A431, SCC13, HSC-5 and SCL-1) and the human immortalized keratinocyte cell
line (HaCaT). Transfection efficiency of si-EZR-ASI1-1 and si-EZR-AS1-2 in (C) SCCI13 and (D) SCL-1 cells. (E) Transfection efficiency of pc-EZR-ASI in
A431 cells. EZR mRNA expression levels in si-EZR-ASI-1- and si-EZR-AS1-2-transfected (F) SCC13 and (G) SCL-1 cells. (H) EZR mRNA expression levels
in pc-EZR-AS1-transfected A431 cells. “P<0.01 vs. HaCaT, si-NC or pc-NC. EZR-ASI, ezrin antisense RNA 1; ¢SCC, cutaneous squamous cell carcinoma;

si, small interfering RNA; NC, negative control.

increased in cSCC tissues compared with adjacent healthy
tissues (P<0.01; Fig. 1A). EZR-ASI expression levels in cSCC
cell lines (A431, SCC13, HSC-5 and SCL-1) and the human
immortalized keratinocyte cell line (HaCaT) were measured.
EZR-AS1 expression levels were significantly increased in
¢SCC cell lines compared with HaCaT cells, especially in
SCCI13 and SCL-1 cells (P<0.01; Fig. 1B). In addition, based on
the median expression level (2.33) of EZR-ASI, patients with
¢SCC were divided into two groups: i) High expression; and
ii) low expression. The associations between EZR-AS1 expres-
sion and clinicopathological characteristics are presented in
Table I. EZR-ASI expression was significantly associated with
histopathological grade and lymph node metastasis (P<0.05),
but there was no significant association with age and sex
(P>0.05).

si-EZR-AS1 inhibits ¢SCC cell proliferation. To further
investigate the effect of EZR-AS1 on ¢SCC progression,
SCCI13 and SCL-1 cells were transfected with si-EZR-ASI or

si-NC, and A431 cells were transfected with pc-EZR-AS1 or
pc-NC. In SCC13 and SCL-1 cells, EZR-ASI expression was
significantly decreased in the si-EZR-ASI-1 and si-EZR-AS1-2
groups compared with the si-NC group, especially in the
si-EZR-AS1-1 group (P<0.01; Fig. 1C and D). In A431
cells, EZR-ASI1 expression in the pc-EZR-AS1 group was
significantly higher compared with the pc-NC group (P<0.01;
Fig. 1E). Similar results were observed for EZR expression.
In SCC13 and SCL-1 cells, EZR mRNA expression levels in
the si-EZR-AS1-1 and si-EZR-ASI1-2 groups were significantly
lower compared with the si-NC group (P<0.01; Fig. 1F and G).
In A431 cells, EZR mRNA expression levels in the pcEZR-AS1
group were significantly increased compared with the pc-NC
group (P<0.01; Fig. 1H). Subsequently, MTT and plate cloning
assays were performed to detect the effects of EZR-ASI on
c¢SCC cell proliferation. The MTT and plate cloning assay
results indicated that EZR-AS1 knockdown significantly
decreased cell viability and colony formation compared
with the si-NC group, whereas EZR-AS1 overexpression



MOLECULAR MEDICINE REPORTS 23: 76, 2021 5

A SCC13 SCL-1 B A431
2.0 7 2.0 7 2.51
-e- Control -e- Control -e- Control **
() i- i- p |
S 15 --s! NC © 15+ --s!NC 020 - pc-NC
> - si-EZR-AS1-1 % - Si-EZR-AS1-1 % 15 -+ pc-EZR-AS1
o > > 1.97
1.0 z g 107 g
o 0 ** 0 1.0
o 8 o
0.51 0.51 05l
0.0 T T T T 0.0 T T T 0.0 T T r T
24 48 72 96 24 48 72 96 24 48 72 96
Time (h) Time (h) Time (h)
SCC13 SCL-1 A431
C 300- 2501 D 400,
[} [} 12}
% - % 200 1 % 3004
8 8 150 8
ks > 5 100 *x 5 2004
3 100 1 2 g,
§ § 50 g 1001
z b4 =z
0 - 0 0-
Control si-NC si-EZR-AS1-1 Control si-NC si-EZR-AS1-1 Control pc-NC pc-EZR-AS1
Control si-NC si-EZR-AS1-1 Control si-NC si-EZR-AS1-1 Control

Figure 2. si-EZR-AS] inhibits cutaneous squamous cell carcinoma cell proliferation. The MTT assay was performed to assess (A) SCC13, SCL-1 and (B) A431
cell proliferation. The plate cloning assay was performed to assess (C) SCC13, SCL-1 and (D) A431 cell colony formation. Magnification, x40. "P<0.05 vs.
si-NC or pe-NC. “P<0.01 vs. si-NC or pc-NC. si, small interfering RNA; EZR-AS1, ezrin antisense RNA 1; si, small interfering RNA; NC, negative control;

OD, optical density.

Table I. Correlation between EZR-AS1 expression and clini-
copathological parameters.

EZR-AS1
expression
Parameters Total Low High  P-value
Age, years 0.445
<55 30 13 17
=55 36 19 17
Sex 0.457
Male 37 20 17
Female 29 13 16
Lymph node metastasis 0.037*
Present 22 7 15
Absent 44 26 18
Histopathological grade 0.041*
Well to moderate 42 25 17
Poor 24 8 16

EZR-AS1, ezrin antisense RNA 1. “P<0.05.

significantly increased cell viability and colony formation
compared with the pc-NC group (all P<0.01; Fig. 2). Therefore,

the results suggested that si-EZR-AS1 inhibited SCC13 and
SCL-1 cell viability and proliferation.

si-EZR-AS1 inhibits ¢cSCC cell migration and invasion, and
promotes apoptosis. To investigate the role of EZR-ASI
in ¢SCC cell migration, invasion and apoptosis, wound
healing, Transwell invasion and flow cytometry assays were
performed, respectively. At 48 h, the relative wound width of
the si-EZR-AS1-1 group was significantly increased compared
with the si-NC group in both SCC13 and SCL-1 cells (P<0.01;
Fig. 3A). Compared with the pc-NC group, the relative wound
width was significantly decreased in the pc-EZR-ASI group
in A431 cells (P<0.01; Fig. 3B). The Transwell invasion
assay results indicated that compared with the si-NC group,
the number of invading cells in the si-EZR-AS1-1 group was
significantly decreased in SCC13 and SLC-1 cells (P<0.01;
Fig. 3C). In A431 cells, the number of invading cells in the
pc-EZR-AS1 group was significantly increased compared
with the pc-NC group (P<0.01; Fig. 3D). The flow cytometry
results demonstrated that EZR-AS1 knockdown significantly
increased the rate of apoptosis in SCC13 and SCL-1 cells
compared with the si-NC group, whereas EZR-AS1 over-
expression significantly decreased the rate of apoptosis in
A431 cells compared with the pc-NC group (P<0.01; Fig. 4).
Collectively, the results indicated that EZR-AS1 knockdown
inhibited cSCC cell migration and invasion, and promoted cell
apoptosis.
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Figure 3. si-EZR-ASlinhibits cutaneous squamous cell carcinoma cell migration and invasion. The wound healing assay was performed to assess (A) SCC13,
SCL-1 and (B) A431 cell migration. Scale bar, 100 zm. A Transwell invasion assay was performed to assess (C) SCC13, SCL-1 and (D) A431 cell invasion
(magnification, x200). “P<0.01 vs. si-NC or pc-NC. si, small interfering RNA; EZR-ASI, ezrin antisense RNA 1; NC, negative control.

si-EZR-ASI downregulates MMP-2, MM P-9 and Bcl-2 protein
expression levels, and increases Bax protein expression in
¢SCC cells. MMP-2 and MMP-9 belong to the MMP family
and serve an important role in tumor cell invasion and migra-
tion (28), whereas Bax and Bcl-2 belong to the Bcl-2 family
and are two important factors that regulate apoptosis (29).
Western blotting was performed to detect protein expression
levels. Compared with the si-NC group, EZR-AS1 knockdown
significantly reduced the protein expression levels of MMP-2,
MMP-9 and Bcl-2, but significantly increased the protein
expression levels of Bax (P<0.01; Fig. 5A and B). Compared
with the pc-NC group, EZR-AS1 overexpression significantly
increased the protein expression levels of MMP-2, MMP-9 and
Bcl-2, and significantly reduced the protein expression levels
of Bax (P<0.01; Fig. 5C). The results suggested that EZR-AS1
knockdown decreased the protein expression levels of MMP-2,
MMP-9 and Bcl-2 and increased Bax protein expression levels.

si-EZR-ASI inhibits the PI3K/AKT signaling pathway in
¢SCC cells. PI3K/AKT is a classic signaling pathway that is
often overexpressed in cancer cells (30). To further explore the
mechanism underlying EZR-ASI1 in ¢cSCC progression, western
blotting was performed to detect the effect of EZR-ASI on
the PI3K/AKT signaling pathway. Compared with the si-NC

group, EZR-ASI1 knockdown significantly decreased the
protein expression levels of p-PI3K/PI3K and p-AKT/AKT in
SCCI13 and SCL-1 cells (P<0.001; Fig. 6A and B). By contrast,
compared with the pc-NC group, EZR-AS1 overexpres-
sion significantly increased the protein expression levels of
p-PI3K/PI3K and p-AKT/AKT in A431 cells (P<0.01; Fig. 6C).
FAK is a critical gene that regulates the PI3K/AKT signaling
pathway (31). The analysis of LncTar identified FAK as a
target of EZR-ASI1 (Fig. 6D). The RIP assay results verified
the target relationship between EZR-ASI and FAK (Fig. 6E).
The western blotting results demonstrated that EZR-AS1
knockdown significantly decreased the expression levels
of FAK compared with the si-NC group (P<0.01; Fig. 6F).
Furthermore, the RT-qPCR results suggested that FAK expres-
sion was significantly higher in cSCC tissues compared with
healthy tissues (P<0.01; Fig. 6G). To confirm the regulatory
effect of EZR-ASI and FAK on the PI3K/AKT signaling
pathway, the protein expression levels of p-PI3K/PI3K and
p-AKT/AKT in SCC13 and SCL-1 cells were measured
following co-transfection with si-EZR-ASI1-1 and pc-FAK.
FAK protein expression levels in the pc-FAK group were
significantly higher compared with the pc-NC group (P<0.01;
Fig. 6H). Compared with the pc-NC group, the protein expres-
sion levels of p-PI3K/PI3K and p-AKT/AKT in the pc-FAK
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p, phosphorylated; FAK, focal adhesion kinase; NC, negative control.

group were significantly increased in SCC13 and SCL-1 cells
(P<0.01; Fig. 6H). However, the effects of FAK overexpres-
sion on FAK, p-PI3K/PI3K and p-AKT/AKT expression levels
were significantly reversed by EZR-AS1 knockdown (P<0.01;
Fig. 6H). In summary, EZR-AS1 knockdown inhibited the
PI3K/AKT signaling pathway by suppressing FAK expression
in ¢cSCC cells.

EZR-ASI affects cSCC cell proliferation, migration, inva-
sion and apoptosis via the PI3K/AKT signaling pathway.
To further investigate the relationship between EZR-AS1
and the PI3K/AKT signaling pathway in ¢cSCC progres-
sion, 740Y-P (a PI3K agonist) was used. Compared with the
control group, 740Y-P significantly increased the expression
levels of p-AKT/AKT and p-PI3K/PI3K, and significantly
reversed si-EZR-AS1-1-mediated effects on p-AKT/AKT
and p-PI3K/PI3K expression levels (all P<0.01; Fig. 7A).

Compared with the control group, EZR-AS1 knockdown
significantly reduced colony formation, whereas 740Y-P
significantly reversed the inhibitory effects of si-EZR-ASI on
SCCI13 cell colony formation (all P<0.01; Fig. 7B). Similarly,
740Y-P significantly reversed si-EZR-ASI1-mediated effects
on SCCI3 cell migration, invasion and apoptosis (P<0.01;
Fig. 7C-E). Collectively, the aforementioned results indicated
that EZR-AS1 knockdown inhibited cSCC cell proliferation,
migration and invasion, and promoted cSCC cell apoptosis via
inhibiting the PI3K/AKT signaling pathway.

Discussion

Inrecent years,IncRNAs have been reported to regulate various
cellular processes, including cell proliferation, metastasis,
differentiation and metabolism, leading to the progression
of numerous diseases, including malignant tumors (32).
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In the present study, IncRNA EZR-AS1 expression was
significantly upregulated in cSCC cells compared with HaCaT
cells. In addition, compared with the si-NC group, EZR-AS1
knockdown significantly inhibited SCC13 and SCL-1 cell
proliferation, migration and invasion, and promoted cell
apoptosis. Mechanistically, the results indicated that IncRNA
EZR-ASI might exert its molecular function via the PI3K/AKT
signaling pathway, thus affecting cSCC progression.

IncRNA EZR-ASI is a key regulator of disease progression
in numerous types of cancer, including ESCC, breast cancer
and colorectal cancer, but the biological function of EZR-AS1
is not completely understood (15,20,21). A previous study have
demonstrated that IncRNA EZR-AS1 knockdown can inhibit
TGF-p signaling, thereby inhibiting colorectal cancer cell
proliferation, invasion, migration and epithelial-mesenchymal
transition, and promoting apoptosis (15). In addition, EZR-AS1
knockdown significantly inhibited ESCC cell migration,
reduced tumor volume and weight, and reduced the number
of metastatic lymph nodes in mice (21). The specific regula-
tory effects and mechanisms underlying IncRNA EZR-AS1
in ¢SCC are not completely understood. In the present study,

EZR-ASI expression was significantly increased in cSCC cells
compared with HaCaT cells. Compared with the si-NC group,
EZR-AS1 knockdown significantly inhibited SCCI13 and
SCL-1 cell proliferation, migration and invasion, and induced
apoptosis. Moreover, EZR-ASI targeted FAK in cSCC cells.
Moreover, compared with the si-NC group, EZR-AS1 knock-
down significantly decreased FAK expression, and FAK
expression levels were significantly higher in ¢SCC tissues
compared with healthy tissues.

The basic features of the metastasis process include tumor
cell invasion and migration (33). In recent years, MMPs have
been considered as important proteases related to tumor inva-
sion and migration, especially the two metal proteins, MMP-2
and MMP-9 (28). MMP-2 and MMP-9 promote the progres-
sion of ovarian cancer, and their expression level increases
with the increased malignant potential of ovarian tumors (34).
In addition, Li et al (35) also reported that MMP-2/MMP-9
induction promoted hepatocellular carcinoma cell metastasis.
Consistently, the present study demonstrated that EZR-AS1
knockdown significantly decreased MMP-2 and MMP-9
protein expression levels compared with the si-NC group.
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Apoptosis is regulated by specific proteins, which regulates
tumorigenesis and development (36). Among the specific
apoptosis-related proteins, Bax can promote cancer cell
apoptosis, whereas Bcl-2 can interact with Bax to regulate the
occurrence of apoptosis (29). The present study demonstrated
that EZR-AS1 knockdown significantly upregulated Bax
expression and significantly downregulated Bcl-2 expression
compared with the si-NC group. Collectively, the results indi-
cated that EZR-AS1 may serve as an oncogene and contribute
to ¢cSCC malignancy.

PI3K/AKT is an important intracellular signaling pathway
directly related to cell dormancy, proliferation, cancera-
tion and longevity (37). PI3K is a downstream mediator
of the cell membrane tyrosine kinase receptor, which can
phosphorylate phosphatidylinositol 4,5-bisphosphate to
form phosphatidylinositol [3-5]-triphosphate. PIP3 activates
the serine/threonine kinase AKT, which regulates cellular
functions by phosphorylating downstream factors, including
various enzymes, kinases and transcription factors (38,39).
An increasing number of studies have demonstrated that the
PI3K/AKT signaling pathway serves a critical role in ¢cSCC
cell survival (25,40), and alterations in the molecular function
of the signaling pathway primarily involves phosphorylation of
PI3K and AKT (22). In the present study, the expression levels
of p-PI3K/PI3K and p-AKT/AKT were significantly reduced
by EZR-AS1 knockdown compared with the si-NC group.
As the key regulator of the PI3K/AKT signaling pathway,
FAK overexpression significantly increased the protein
expression levels of p-PI3K/PI3K and p-AKT/AKT in ¢SCC
cells compared with the pc-NC group. However, EZR-AS1
knockdown partly reversed FAK overexpression-mediated
effects on the PI3K/AKT signaling pathway. To further inves-
tigate the relationship between EZR-AS1 and the PI3K/AKT
signaling pathway in ¢SCC progression, 740Y-P (a PI3K
agonist) was used. Compared with the control group, 740Y-P
significantly increased the expression levels of p-AKT/AKT
and p-PI3K/PI3K, and reversed si-EZR-AS1-mediated effects
on the expression levels of p-AKT/AKT and p-PI3K/PI3K.
Moreover, 740Y-P partially reversed the inhibitory effect of
si-EZR-AS1 on SCC13 cell proliferation. Similarly, SCC13
cell migration, invasion and apoptosis were assessed, and the
results indicated that 740Y-P reversed si-EZR-ASI1-mediated
effects on SCC13 cells.

To conclude, the present study demonstrated that EZR-AS1
was upregulated in ¢cSCC cells compared with HaCaT cells.
Furthermore, si-EZR-ASI inhibited cSCC cell proliferation,
migration and invasion, and promoted cell apoptosis compared
with the si-NC group. The molecular mechanisms underlying
EZR-AS1 might be associated with the PI3K/AKT signaling
pathway. The results provided novel insights into the diagnosis
and treatment of cSCC.
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