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Adenocarcinoma is one of the major subtypes of lung 
cancer. This study aimed to investigate the effect of si-
lencing long non-coding RNA (lncRNA) EZR-AS1 on the 
biological behaviors of lung adenocarcinoma (ADC) cells. 
EZR-AS1 expression levels in lung ADC tissues and cells, 
as well as in adjacent non-cancerous tissues, were de-
termined using quantitative reverse transcription poly-
merase chain reaction (qRT-PCR). EZR-AS1 was knocked 
down in two lung ADC cell lines using small interfering 
RNA specific for EZR-AS1 (siEZR-AS1). Proliferation, mi-
gration, and apoptosis of EZR-AS1-knockdown cells were 
assessed using the CCK-8 viability assay, flow cytometry, 
or wound healing experiments. The levels of proteins re-
lated to migration pathways were evaluated using west-
ern blotting analysis. EZR-AS1 contents were significant-
ly higher in lung ADC tissues and cells than in the levels 
in the non-cancerous tissues and cells (p<0.01). Trans-
fection of ADC cell lines H1437 and H1975 significantly 
downregulated EZR-AS1 levels in both cell lines. Cyto-
toxicity assays revealed that the viability of EZR-AS1-
knockdown cells significantly decreased over culture 
time, and a significant level of apoptosis was induced 
(p<0.01). Wounding healing experiments revealed that 
EZR-AS1-knockdown significantly reduced the migration 
rate of both cell lines (p<0.01). Furthermore, proteins 
related to migration pathways such as vimentin, MMP2, 
and MMP9 were significantly downregulated, whereas 
the E-cadherin level was significantly increased after 
EZR-AS1 knockdown. Our work demonstrated that EZR-
AS1 is associated with ADC progression, and silencing 
this gene inhibits proliferation and reduces migration of 
ADC cells in vitro. The altered expression of metastasis-
related genes was likely responsible for the reduced mi-
gration ability after EZR-AS1 knockdown.
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INTRODUCTION

With the increasing number of cancer patients world-
wide in recent years, the total prevalence and mortality 
rate of lung cancer have always been among the highest, 
particularly in China (Bade & Dela Cruz, 2020; Bai et al., 
2018; Cao & Chen, 2019). Annually, there are about 1.8 
million new cases of lung cancer and nearly 1.6 million 
people die because of lung cancer. Studies show that the 
five-year survival rate of patients is 4–17% (Klimaszews-
ka-Wisniewska et al., 2018; Musika et al., 2021). Histo-
logically, lung cancer is divided into four types including 
small-cell lung cancer (SCLC), squamous cell carcinoma, 
adenocarcinoma (ADC), and large-cell carcinoma (Den-
isenko et al., 2018). ADC accounts for the highest pro-
portion of lung cancers and is responsible for up to 40% 
of all lung cancers in China (Wu et al., 2021). However, 
the specific mechanisms of the occurrence, development, 
and metastasis of ADC are still largely unclear, and eluci-
dation of these mechanisms will be of great significance 
in the management of the disease.

Long non-coding RNAs (lncRNAs) are endogenous 
RNAs that have more than 200 nucleotides in length 
but do not encode proteins (Saigoh et al., 1998). They 
play various roles in numerous biological activities and 
processes, including epigenetic regulation, DNA meth-
ylation, histone modification, cell cycle regulation, post-
transcriptional and post-translational regulation of DNA 
expression, and histone modification (Hosseini et al., 
2017). LncRNAs have been demonstrated to participate 
in the occurrence, proliferation, invasion, metastasis and 
prognosis of many tumors, including lung cancer. For 
example, the level of lncRNA DANCR is elevated in tis-
sues isolated from high-grade lung cancer and DANCR 
knockdown reduces the progression of lung cancer in 
a xenograft mouse model (Figg et al., 1978); HOTAIR 
level is upregulated in lung cancer and the level is cor-
related with the degree of metastasis and outcome with 
poor prognosis (Loewen et al., 2014); and lncRNA ezrin 
antisense RNA 1 (EZR-AS1) is highly expressed in vari-
ous cancers such as cutaneous squamous cell carcinoma 
(cSCC), colon cancer, breast cancer, and esophageal 
squamous cell carcinoma (ESCC) compared with non-
cancer tissues (Bai et al., 2018; Ghaffari et al., 2019; Lu et 
al., 2021; Xie et al., 2011).

EZR-AS1, 362 bp in length, is an endogenous lncR-
NA transcribed from the antisense strand of the EZR 
gene that is located on chromosome 6q25.3 (Liu et al., 
2019). As a cytoskeletal-membrane linker protein, ezrin 
is highly expressed in lymph node metastases but not in 
matched primary tumors, and downregulating ezrin with 
a small-molecule compound could impede the migration 
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ability of cancer cells (Ghaffari et al., 2019). Knockdown 
of EZR-AS1 results in reduced proliferation ability of 
breast cancer cells in vitro and arrests the cell cycle by 
inactivating the Wnt/β-catenin pathway (Bai et al., 2018). 
In ESCC, high EZR expression was found to be the 
cause of poor overall survival and is considered a new 
molecular marker to predict the prognosis of ESCC pa-
tients (Xie et al., 2011). However, the role of EZR-AS1 
in ADC remains to be elucidated.

In the present work, the effect of silencing lncRNA 
EZR-AS1 on the growth, migration, and apoptosis of 
lung ADC cells was investigated in an attempt to explore 
the therapeutic option of ADC by lncRNA.

MATERIALS AND METHODS

Reagents and instruments

Fetal bovine serum (FBS; Cat. no. 26140079) was 
purchased from Sigma-Aldrich-Aldrich USA). The 
RPMI-1640 medium (cat. no. 11875119), Tris-buffered 
saline (TBS; cat. no. BP2471100), BCA protein as-
say kit (cat. no. 712853), and Annexin V-FITC kit (cat. 
no. 331200) was obtained from Thermo Fisher Scien-
tific (USA). The BeyoRT III cDNA Synthesis Kit (with 
gDNA EZeraser) (cat. no. D7180M), Trizol total RNA 
extraction reagent (cat. no. R0016), and BeyoFast SYBR 
Green qPCR Mix (cat. no. D7260), and Lipofectamine 
6000 transfection reagent (cat. no. C0526), cell counting 
kit-8 (cat. no. C0037), and RNase A (Cat. no. ST579) 
and E-cadherin (cat. no. AF0138; dilution 1:1500) and 
vimentin (cat. no. AF0318; dilution, 1:1000), MMP9 (cat. 
no. AF7935, dilution 1:1500), MMP2 (cat. no. AF1420, 
dilution 1:1500), and GAPDH (cat. no. AF2819, dilution 
1:1200), goat horseradish peroxidase (HRP)-conjugated 
anti-rabbit IgG (cat. no. A0208, dilution 1:2000) and a 
chemiluminescent kit (cat. no. GS009) was purchased 
from Beyotime (Shanghai, China). A microplate reader 
(GloMax® Discover) was purchased from Promega 
(USA). Flow cytometry (FACS LSR) data were obtained 
from BD Biosciences (USA). An inverted light micro-
scope (IX73P2F) was obtained from Olympus (Tokyo, 
Japan). A Real-time PCR Detection System (CFX96) was 
obtained from Bio-Rad, Hercules, CA, USA.

Cell culture

The human lung adenocarcinoma cell line H1437 
(cat. no. CRL-5872), H1975 cells (cat. no. CRL-5908), 
lung epithelial cell line HBEC3-KT (cat. no. CRL-4051) 
and NL20 (cat. no. CRL-2503) were obtained from 
ATCC, Manassas, VA, USA. The cells were grown in 
RPMI-1640 medium added with 10% FBS, penicillin 
(100 U/ml), and mycomycin (100 μg/ml) in a humidi-
fied incubator with 5% CO2 at 37°C. The medium was 
changed every 2–3 days when the cell culture reached 
the logarithmic phase.

Clinical specimens

Clinical specimens (lung ADC samples and matched 
paracancerous tissues) were isolated from 50 patients 
who underwent surgical treatment at The First Affili-
ated Hospital of Chengdu Medical College in Chengdu, 
China, between July 2017 and January 2019. All ADC 
were primary, and the patients had not received any ra-
diotherapy or chemotherapy prior to surgery. This study 
was approved by the Ethics Committee of Sichuan Uni-

versity (approval no. SU3312D). Informed consent was 
secured from each patient.

Quantitative reverse transcription polymerase chain 
reaction (RT-qPCR)

Total RNA was prepared from tissues and cells using 
TRIzol reagent based on the manufacturer’s protocols. 
RNA (1 µg) was reversely transcribed into cDNA using 
the BeyoRT III cDNA synthesis kit and the resultant 
cDNA was used as a template for RT-qPCR assays with 
primers designed using Primer Premier 5 (https://www.
bioprocessonline.com/doc/primer-premier-5-design-pro-
gram-0001). RT-qPCR was carried out on CFX96 Real-
time PCR System using BeyoFast SYBR Green qPCR 
mix based on the manufacturer’s instructions, with the 
cycling parameters: pre-denaturing at 95°C for 3 min, 
followed by 40 cycles of denaturing at 95°C for 10 s, 
annealing for 30 s with a final extension at 72°C for 
30 s. The GAPDH gene was employed as the endog-
enous expression reference. The expression level rela-
tive to GAPDH was determined using the 2−ΔΔCt meth-
od as outlined described (Livak & Schmittgen, 2001). 
The primers used for EZR-AS1 were forward: 5’-CC-
CTCTCCAATGAAGCCTCTC-3’ and reverse: 5’-AC-
CGAAAATGCCGAAACCAG-3’; and for GAPDH 
forward: 5’-GTCTCCTCTGACTTCAACAGCG-3’ and 
reverse, 5’-ACCACCCTGTTGCTGTAGCCAA-3’.

Transfection

Cells were cultured to 70–80% confluency and di-
vided into aliquots for transfection using Lipofectamine 
6000 transfection reagent, based on the manufacturer’s 
instructions. The cells were either non-transfected (non-
transfected, control), transfected with 0.5 μg siNC (siNC, 
scrambled control), siEZR-AS1 or pEZR-AS1 (positive 
control). siRNA (5’-AAA UAA UAC UAC AAU UAA 
A-3’) was synthesized by Wigen Biomedicine (Shanghai, 
China). After transfection, cells were grown in 96 well 
plates containing RPMI-1640 medium at 37°C for 48 h 
and then used for subsequent experiments.

Cell viability assay

The viability of treated cells was determined using a 
CCK-8 cell counting kit based on the manufacturer’s 
protocols. Briefly, cells were inoculated into the wells of 
96-well plates at a density of 5×104 cells/well and grown 
in RPMI-1640 medium at 37°C in 5% CO2. At prede-
termined time points, 20 μl CCK-8 solution was drop-
added to the wells and the cells were incubated at 37°C 
with 5% CO2 for 4 h. After the incubation, optical den-
sity (OD) of the plates was determined at 460 nm using 
a microplate reader. All assays were performed in tripli-
cates. Cell viability was calculated as follows: ODsample/
ODcontrol ×100%.

Apoptosis analysis

The apoptosis of treated cells was assessed using the 
ApoDETECT Annexin V-FITC kit based on the manu-
facturer’s protocols. Briefly, after transfection, the cells 
were inoculated into the wells of 6-well plates at 5×104 

cells/well containing RPMI-1640 medium. The cells were 
cultured at 37°C in 5% CO2 to a confluence between 
50 and 70%, harvested after centrifugation at 750×g at 
25°C for 10 min, washed with 1 ml PBS three times, 
and digested with RNase A (100 μg/ml) at 37°C for 20 
min. The digested cells were resuspended in pre-chilled 
binding buffer in an ice bath, and stained with Annexin 
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V-FITC (3 μl) and PI-PE (7 μl) in the dark at 25°C for 
10 min. After the staining, the cells were loaded onto a 
FACS LSR flow cytometer for analysis with built-in soft-
ware. All assays were carried out in triplicates.

Wound healing assay

To assess the migration ability, cells were cultured on 
slides in the wells of 6-well plate containing RPMI-1640 
medium with 10% FBS at 37°C. At 100% confluence, a 
scratch was created on the monolayer with the tip of a 
10 μl pipette as previously described (Justus et al., 2014). 
Serum-free RPMI-1640 medium was added and cell mi-
gration was recorded at 0 and 48 h with an inverted light 
microscope (at 100× magnification) and cell migration 
distances were calculated using Image-Pro Plus software 
obtained from Media Cybernetics, Inc. USA.

Western blot analysis

To assess the levels of specific proteins, treated cells 
were collected after centrifugation at 500 g at 25°C for 
10 min, rinsed twice with pre-chilled PBS, and lysed in 
the radioimmunoprecipitation assay (RIPA) buffer. The 
total levels of protein in the lysates were determined us-
ing a BCA protein assay kit following the supplier’s in-
structions. After boiling at 100°C for 5 min, 60 µg de-
natured proteins were loaded to the gels and separated 
by 12% polyacrylamide gel electrophoresis (SDS-PAGE). 
The separated proteins on the gels were blot-transferred 
to polyvinylidene fluoride (PVDF) membranes, then 
blocked by gentle shaking in 5% non-fat milk solution 
in 1× TBS containing 0.1% Tween 20 (TBST) for 4 h 
at 25°C. After blocking, the membrane filters were in-
cubated with antibodies to E-cadherin, vimentin, MMP9, 
MMP2, and GAPDH (served as internal control) at 4°C 
overnight, rinsed three times at room temperature with 
TBS buffer, reacted with goat HRP-conjugated anti-
rabbit IgG at 25°C for 2 h. Immunoreactive bands on 
the blots were developed using a chemiluminescent kit 
in the dark following the manufacturer’s protocols. The 
gray values of the reactive bands were determined using 
Quantity One software.

Statistical analysis

Data are shown as the means ± standard error derived 
from three independent experiments. One-way ANOVA 
with post-hoc Tukey’s honest significant difference test 
was applied to compare the means among the groups. 
A value of p<0.05 was considered to be statistically sig-
nificant.

RESULTS

EZR-AS1 level is highly elevated in lung ADC tissues 
and cells

We first determined the level of EZR-AS1 mRNA 
in lung ADC tissues and cells as well as in non-can-
cerous tissues and cells. RT-qPCR analysis showed that 
EZR-AS1 were significantly upregulated in ADC tissues 
in comparison with the adjacent healthy tissues obtained 
from patients undergoing surgical resection (p<0.01; 
Fig. 1A). Furthermore, EZR-AS1 mRNA levels in ADC 
cell lines H1437 and H1975 were significantly elevated 
compared to those in the non-cancer cell lines HBEC3-
KT and NL20 (p<0.01; Fig. 1B).

EZR-AS1 knockdown reduces the viability of ADC cells

We then tested whether silencing EZR-AS1 inhib-
its the growth of ADC cells. H1437 and H1975 cells 
were transfected with siEZR-AS1 using Lipofectamine-
mediated transfection. RT-qPCR analysis showed that 
siEZR-AS1 transfection resulted in significantly reduced 
EZR-AS1 levels in both cell lines compared with the 
controls (non-transfected cells or cells transfected with 
siNC) (p<0.01; Fig. 1C). The cell counting assay showed 
that the viability of H1437 and H1975 cells decreased 
over time compared to the controls (p<0.01; Fig. 2A). 
After 72 h of culture, the viability of H1437 and H1975 
cells was less than 10%, while that of controls (non-
transfected cells or cells transfected with siNC) was over 
90% (p<0.01; Fig. 2A). Flow cytometry study revealed 
a significant increase in apoptosis after the cells were 

Figure 1. Determination of expression level of long non-coding RNA EZR-AS1 (ezrin antisense RNA 1) in lung ADC tissues and cells 
by RT-qPCR. 
(A) EZR-AS1 levels in lung ADC and healthy tissues. (B) EZR-AS1 levels in lung ADC cell lines (H1437 and H1975) and non-cancer lines 
(HBEC3-KT and NL20). (C) EZR-AS1 levels in ADC cell lines H1437 and H1975 transfected with siEZR-AS1 (si, small interfering RNA), siNC 
(NC, negative control). All assays were repeated three times. **denotes p<0.01 compared to si-NC or non-transfected cells using one-way 
ANOVA.
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transfected with siEZR-AS1 in both cell lines at 48 h 
after transfection compared with the controls (p<0.01; 
Fig. 2B).

EZR-AS1 knockdown suppresses the migration of ADC 
cells

To evaluate the functions of EZR-AS1 in lung ADC 
progression, cell migration assays based on wound-heal-
ing experiments were performed. The results showed 
that cell migration rates were significantly reduced af-

ter H1437 and H1975 cells were transfected with 
siEZR-AS1 compared to the controls (p<0.01; Fig. 3).

EZR-AS1 knockdown alters the levels of metastasis-
related proteins

Since the migration rate of lung ADC cells was re-
duced after EZR-AS1 knockdown, the levels of a few 
selected genes that are related to invasion and metasta-
sis pathways were analyzed. Western blotting was used 
to measure the protein levels of E-cadherin, vimentin, 
MMP2, and MMP9 in cells after EZR-AS1 knockdown. 

Figure 2. Cell viability and apoptosis of lung ADC cells after transfection with siEZR-AS1. 
(A) Cell viability was assessed using the CCK-8 assay at different culture times in lung ADC cell lines H1437 and H1975; (B) apoptosis by 
flow cytometry 48 h after transfection with siEZR-AS1 in lung ADC cell lines H1437 and H1975. Right panel: flow cytometry, left panel: 
statistical analysis of flow cytometry data. (si, small interfering RNA), siNC (NC, negative control). All assays were repeated three times. 
**denotes p<0.01 compared to si-NC or non-transfected cells using one-way ANOVA.

Figure 3. Migration of lung ADC cell lines H1437 and H1975 after transfected with siEZR-AS1. 
(A) cell migrations in wound healing experiment and (B) statistical analysis of migration rate. Scale bar, 100 μm. (si, small interfering 
RNA), siNC (NC, negative control) and pEZR-AS1 (positive control). All assays were repeated three times. **denotes p<0.01 compared to 
si-NC or non-transfected cells using one-way ANOVA.
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The band imaging showed that the levels of these pro-
teins were all significantly downregulated, except for E-
cadherin, which was significantly upregulated compared 
to the controls (p<0.01; Fig. 4).

DISCUSSION

EZR-AS1 is implicated in disease progression in 
various cancers, such as cSCC, ESCC, breast cancer, 
and colorectal cancer (Bai et al., 2018; Liu et al., 2019; 
Lu et al., 2021; Peng et al., 2017), its biological role of 
EZR-AS1 in lung ADC is largely unknown. In the pre-
sent study, it was found that EZR-AS1 levels were signif-
icantly elevated in lung ADC tissues and cells compared 
to those in non-cancerous tissues and cells. After trans-
fection with siEZR-AS1 specifically targeting EZR-AS1, 
EZR-AS1 levels in the lung ADC cell lines H1437 and 
H1975 were significantly downregulated compared to the 
controls. After EZR-AS1 knockdown, the viability and 
migration rates of H1437 and H1975 cells were remark-
ably reduced, while apoptosis was significantly increased. 
EZR-AS1 knockdown also leads to the altered expres-
sion of migration-related genes, thus reducing the migra-
tion ability of lung ADC cells and affecting ADC pro-
gression.

Previously, it was found that silencing EZR-AS1 in-
hibits TGF-β-mediated signaling, leading to reduced 
growth and EMT of colorectal cancer cells (Liu et al., 
2019), and EZR-AS1 knockdown significantly reduced 
phosphorylated (p)-PI3K/PI3K and p-AKT/AKT levels 
in cSCC, leading to reduced cell viability and migration 
ability (Lu et al., 2021). Furthermore, silencing EZR-AS1 
significantly suppressed the migration, tumorigenic-
ity, and metastatic lymph nodes of ESCC cells in mice 
(Zhang et al., 2018). In the present experiments, we first 
profiled the level of EZR-AS1 mRNA in lung ADC and 
revealed that EZR-AS1 was higher in both ADC tissues 
from patients and cells established from ADC patients 
than in non-cancer tissues and cells. This is consistent 
with previous findings in cSCC, ESCC, breast cancer, 
and colorectal cancer (Bai et al., 2018; Liu et al., 2019; 
Lu et al., 2021; Peng et al., 2017), further confirming that 
EZR-AS1 is deregulated in cancer cells and involved in 
cancer progression.

To evaluate the effect of EZR-AS1 knockdown on the 
malignant behavior of ADC cancer cells, we transfected 
two ADC cell lines with siRNA specific for EZR-AS1 
using Lipofectamine-mediated transfection. RT-qPCR 
analysis revealed that in siEZR-AS1-transfected cells, 
EZR-AS1 mRNA levels were significantly lower than 
those in the controls (both non-transfected cells and 
siNC-transfected cells), demonstrating that siEZR-AS1 is 
effective in specifically knocking down EZR-AS1. Sub-
sequent analysis revealed that ADC cell viability was sig-
nificantly reduced following EZR-AS1 silencing, suggest-
ing that EZR-AS1 is likely essential for the occurrence 
and development of ADC. lncRNAs have been shown 
to play various roles in cancer occurrence, development, 
growth, invasion, migration, and prognosis (Bhan et al., 
2017; Peng et al., 2017). They can either promote or in-
hibit the proliferation and metastasis of cancer cells, and 
knockdown of lncRNAs often results in suppression of 
cancer cell proliferation(Kong et al., 2019; Zhen et al., 
2018). Apoptosis is an important process that regulates 
tumorigenesis and cancer development (Wong, 2011). 
Increased apoptosis is often associated with reduced pro-
liferation and viability of cancer cells (Kou et al., 2020). 
For example, lncRNA NEAT1 knockdown inhibits cell 
proliferation and increases caspase 3 activity and apop-
tosis in hepatocellular carcinoma (HCC) cells (Kou et 
al., 2020), and downregulation of lncRNA MAGI2-AS3 
inhibits proliferation and triggers apoptosis in prostate 
cancer by acting as a microRNA-424-5p sponge (Wei et 
al., 2022). Previously, downregulation of EZR-AS1 was 
found to increase apoptosis in breast cancer cells by 
modulating the Wnt/β-catenin pathway (Bai et al., 2018) 
and in colorectal cancer cells by inhibiting transforming 
growth factor-β signaling (Liu et al., 2019). These find-
ings were consistent with our data. Apoptosis is also 
associated with the expression of specific proteins such 
as Bax, Bcl2, and cleaved-caspase3. In EZR-AS1 knock-
down cSCC cells, Bax was significantly upregulated and 
Bcl-2 was significantly reduced, suggesting that EZR-AS1 
likely functions as an oncogene that contributes to the 
malignancy of lung cancer (Lu et al., 2021).

Several mechanisms have been reported in EZR-AS1-
knockdown-induced loss of cell viability. Lu et al. found 
that the inhibition of the PI3K/AKT signaling path-

Figure 4. Level of metastasis-related proteins in lung ADC cell lines H1437 and H1975 after transfected with siEZR-AS1. 
Right panel: typical Western blots, left panel: statistical analysis of relative protein content. All assays were repeated three times. **de-
notes p<0.01 compared to si-NC or non-transfected cells using one-way ANOVA.
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way was associated with EZR-AS1-knockdown-induced 
reduction in cell viability and increase in apoptosis in 
SCC13 and SCL-1 colon cancer cells (Lu et al., 2021). 
Using LncTar, a software for predicting lncRNA-RNA 
interactions by means of free energy minimization, they 
found that focal adhesion kinase (FAK) is a target of 
EZR-AS1, and FAK is a crucial regulator in PI3K/AKT 
signaling pathway and its expression was suppressed af-
ter EZR-AS1-knockdown. This might be the reason that 
the PI3K/AKT signaling pathway is deactivated after 
EZR-AS1-knockdown. This signaling pathway plays a 
critical role in cell survival and in protecting cancer cells 
from apoptosis (Xu & Zhang, 2021). In breast cancer, 
EZR-AS1 protected β-catenin from degradation and 
EZR-AS1 knockdown inactivated the Wnt/β-catenin 
pathway (Bai et al., 2018). Since cyclin D1 and c-Myc are 
target genes of β-catenin, EZR-AS1 knockdown would 
downregulate the expression of cyclin D1 and c-Myc 
leading to reduced cell viability and migration (Saroha 
et al., 2022). Needless to say, more experiments such as 
ribonucleoprotein Immunoprecipitation (RIP) and chro-
matin immunoprecipitation (ChIP) may be carried out to 
further confirm and elucidate the mechanisms associated 
with the biological functions of EZR-AS1-knockdown.

Metastasis and treatment resistance are the main rea-
sons for clinical recurrence and poor prognosis in pa-
tients with ADC. Several genes, such as RHOB and 
MMPs, and signaling pathways, such as the TGF-β/
Smad signaling pathway, have been identified as meta-
static effectors in ADC. Wound-healing experiments 
showed that after EZR-AS1 downregulation, the migra-
tion rate of ADC cells was significantly reduced, suggest-
ing that silencing EZR-AS1 may regulate the expression 
of metastasis-related genes such as MMP2 and MMP9, 
as reported previously (Lu et al., 2021). To confirm this 
is true for lung ADC cells, we also examined the levels 
of several metastasis-related proteins such as E-cadherin, 
vimentin, MMP2, and MMP9, in the cells after EZR-
AS1 knockdown. E-cadherin is important for maintain-
ing cell integrity, and reduced E-cadherin expression can 
lead to EMT events (Guilford, 1999; Wells et al., 2008). 
Our analysis demonstrated that E-cadherin level was 
upregulated in EZR-AS1 knockdown-cells with reduced 
migration ability. It is possible that the increased E-cad-
herin may result in mesenchymal to epithelial reverting 
transitions (MErT) (Chao et al., 2010). When E-cadherin 
is upregulated in bladder cancer cells, growth and me-
tastasis are inhibited as a result of deactivation of the 
β-catenin/TCF target genes (Li et al., 2018). As such, the 
upregulation of E-cadherin has been explored as a thera-
peutic option in cancer treatment (Howard et al., 2008).

In addition, vimentin expression was downregulated 
following EZR-AS1 knockdown. Vimentin codes for one 
of the 71 human intermediate filament (IF) proteins that 
are required for the migration of cancer cells that have 
undergone EMT. Vimentin can integrate the mechani-
cal input and signals from the surrounding environment 
to promote cell migration and various other signaling 
pathways, such as the AKT pathway, also participate in 
regulating the migration of cancer cells through vimentin 
(Sim et al., 2021). The gene is highly expressed in vari-
ous epithelial cancers, including prostate, gastrointestinal, 
and cervical cancers (Lin et al., 2017; Satelli & Li, 2011). 
Overexpression and silencing of vimentin by manipula-
tion of URI (unconventional prefoldin RPB5 interactor) 
expression increases or decreases the migration and inva-
sion ability of cervical cancer cells, respectively and vi-
mentin knockdown by vimentin small hairpin RNA de-

creases colorectal cancer (CRC) cell migration (Wang et 
al., 2021).

Matrix metalloproteinases (MMPs) are prominent pro-
teinases associated with tumorigenesis. They regulate 
signaling pathways that are responsible for cell growth, 
inflammation, and angiogenesis in a non-proteolytic 
manner and are involved in EMT, a crucial step in the 
invasion and migration of tumor cells, because they de-
compose and modify the extracellular matrix (ECM) and 
cell-to-ECM and cell-to-cell interface contacts, facilitating 
the detachment and separation of epithelial cells from 
the surrounding tissue (Radisky & Radisky, 2010). MMP2 
and MMP9 are particularly potent in digesting the com-
ponents that make up the basement membrane, such 
as laminin and collagen IV, or interstitial collagen frag-
ments, resulting in cancer metastasis (Barillari, 2020; Cui 
et al., 2017; Vandooren et al., 2013). Our study showed 
that EZR-AS1 knockdown reduced MMP2 and MMP9 
expression, which could be partially responsible for the 
reduced cell migration ability observed in siEZR-AS1-
transfected ADC cell lines.

CONCLUSION

Taken together, our results demonstrated that EZR-
AS1 is highly expressed in both lung ADC tissues and 
cells. Knockdown of EZR-AS1 with siRNA led to re-
duced cell viability, increased apoptosis, and reduced 
migration ability compared with the control. Alterations 
in the levels of metastasis-related proteins such as E-
cadherin, vimentin, MMP2, and MMP9 likely contribute 
to the reduced migration ability after EZR-AS1 knock-
down. Since silencing of EZR-AS1 results in reduced 
ADC viability, this strategy should be explored in animal 
models to confirm the therapeutic effect for potential 
application in human ADC therapy.
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