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Long non-coding RNA ZNF674-AS1 regulates miR-23a/E-cadherin 
axis to suppress the migration and invasion of non-small cell lung 
cancer cells
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Background: Non-small cell lung cancer (NSCLC) is one of the most common malignant tumors. The 
prognosis of patients with advanced NSCLC is poor due to metastasis. In recent years, the role of long non-
coding RNAs (lncRNAs), a class of non-coding RNA molecules, in NSCLC has become an increasingly 
popular focus of studies. This study aimed to investigate the effects of ZNF674-AS1 and microRNA (miR)-
23a on the migration and invasion abilities of NSCLC cells in vitro and explore the underpinning molecular 
mechanisms.
Methods: The expression levels of ZNF674-AS1 and miR-23a in NSCLC tissues and cells were detected 
by quantitative real-time polymerase chain reaction (qRT-PCR). Scratch test and transwell test were used 
to detect the effects of ZNF674-AS1 and miR-23a on the migration and invasion of NSCLC cells. The 
luciferase reporter gene experiment was used to verify miRNA targets. Western blot experiments were used 
to analyze protein expression.
Results: ZNF674-AS1 was downregulated in NSCLC tissues and cells, and inhibited the migration and 
invasion of NSCLC cells in vitro. In contrast, the expression of miR-23a, a downstream target of ZNF674-
AS1, was increased in NSCLC tissues and cells. We found that miR-23a could antagonize the role of 
ZNF674-AS1 in NSCLC. E-cadherin was identified as a downstream target gene of miR-23a, and miR-23a 
could directly inhibit its expression.
Conclusions: ZNF674-AS1 inhibits the migration and invasion of NSCLC cells by regulating a miR-23a/
E-cadherin axis. ZNF674-AS1 and miR-23a could become potential therapeutic targets for NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) is one of the most 
common malignant tumors and claims more lives than 
any other cancer in the world (1,2). At present, surgery, 
chemotherapy, and radiotherapy constitute the main 
treatment options for patients with NSCLC. However, the 
efficacy of these traditional treatment strategies for patients 
with advanced disease is extremely limited (3,4). Advanced 
NSCLC mainly owes its poor prognosis to metastasis. 
Therefore, clarifying the molecular mechanism of tumor 
metastasis is critical in the development of new treatment 
strategies (5).

Long non-coding RNAs (lncRNAs) are recently 
discovered non-coding RNAs with a length of more than 
200 nt, which are potential regulators of numerous cellular 
processes (6). Through various molecular mechanisms, 
lncRNAs perform a range of biological functions, including 
the binding of microRNAs (miRNAs), the regulation 
of RNA binding proteins (RBPs), and the promotion of 
messenger RNA (mRNA) transcription (7). An increasing 
number of studies have shown that lncRNAs are abnormally 
expressed in various tumors and play an essential regulatory 
role in tumor cell proliferation, differentiation, invasion, 
and metastasis (8). For instance, a study by Yao et al. 
reported that the lncRNA JHDM1D-AS1 was upregulated 
in NSCLC and was significantly correlated with tumor 
stage and lymph node metastasis (9). Further, it was found 
to act as an independent prognostic factor for the overall 
survival of patients with NSCLC. At the mechanistic level, 
the authors observed that JHDM1D-AS1 promoted the 
growth and metastasis of NSCLC by binding and stabilizing 
the DHX15 protein in tumor cells (9).  Wang et al. observed 
that another lncRNA, LINC01116, was upregulated in 
gefitinib-resistant NSCLC cells and tissues and played a 
key role in the resistance of NSCLC cells to gefitinib by 
affecting the expression of IFI44 (10).

A recent study showed that lncRNA ZNF674-AS1 
could induce G0/G1 cell cycle arrest of NSCLC cells by 
antagonizing miR-423-3p and promoting p21 expression, 
thus inhibiting tumor growth (11). However, the effect 
of ZNF674-AS1 on NSCLC metastasis is unknown. Our 
study predicts that miR-23a is a new target of ZNF674-
AS1. Studies have shown that the expression level of miR-
23a in non-small cell lung cancer tissues is significantly 
up-regulated, which is an important prognostic factor for 
NSCLC patients (12). Therefore, using previous studies as 
a basis, we set out to further explore the role of ZNF674-

AS1 and miR-23a in NSCLC metastasis and the related 
regulatory pathways, with the aim of improving the 
understanding of the mechanism of NSCLC metastasis in 
order to find potential molecular therapeutic targets.

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-1499).

Methods

Tissue specimens

Forty pairs of NSCLC tumor tissues and corresponding 
adjacent normal tissues were used in this study. All the 
tissues were collected from patients who underwent surgical 
resection of NSCLC in the First Affiliated Hospital 
of Hainan Medical University and were confirmed by 
postoperative pathology. None of the patients had received 
any anticancer treatment before receiving surgery. Written 
informed consent was obtained from each patient. Approval 
for the collection and application of patient specimens 
was granted by the ethics committee of the First Affiliated 
Hospital of Hainan Medical University (No.: 2019-57). 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013).

Cell culture and transfection

The NSCLC cell lines A549 and PC9 and the human 
normal lung epithelial cells BEAS-2B were supplied by 
American Type Culture Collection (ATCC; Manassas, 
VA, USA). All cell lines were cultured in Roswell Park 
Memorial Institute (RPMI) 1640 medium (Thermo Fisher 
Scientific) supplemented with 10% fetal bovine serum (FBS) 
at 37 ℃ in a cell incubator containing 5% carbon dioxide. 
Cell transfection was performed using Lipofectamine 3000 
transfection reagent (Invitrogen).

Quantitative real-time polymerase chain reaction (qRT-
PCR)

TRIzol reagent (Invitrogen, CA, USA) was used to isolate 
total RNA from the tissues and cell lines. RNA was reverse-
transcribed into complementary DNA (cDNA) using 
the High-Capacity cDNA Reverse Transcription Kit 
(ThermoFisher Scientific). The ABI 7900 system (Applied 
Biosystems, CA, USA) and SYBR pre-mix Ex Taq (Takara) 
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were used for quantitative real-time PCR (qRT-PCR). With 
GAPDH and U6 as an internal reference, the 2−ΔΔCT method 
was applied to calculate the relative expression of ZNF674-
AS1 and miR-23a. The primer sequence used was ZNF674-
AS1, forward, 5'-CCATGCCAGCATTTGCTATTCA-3', 
reverse, 5'-GGGCTTGAGGCTCTAAAGATGT-3'; 
GAPDH, forward, 5'-GGGAAACTGTGGCGTGAT-3', 
reverse, 5'-GAGTGGGTGTCGCTGTTGA-3'. miR-23a, 
forward, 5'-GGGGTTCCTGGGGATGGGATTT-3', 
reverse, 5'-TGGTGTCGTGGAGTCG-3'；U6，forward, 
5'-CTCGCTTCGGCAGCACATATACT-3'; reverse, 
5'-ACGCTTCACGAATTTGCGTGTC-3'.

Wound-healing assay

The migration ability of NSCLC cells was examined 
by scratch test. Cells were seeded on a 6-well plate and 
cultured to 90% fusion. Then, a scratch was made in the 
cell monolayer with the tip of a sterile pipette. The cells 
were washed three times with phosphate-buffered saline 
(PBS) to remove cell debris and then cultured in serum-free 
RPMI 1640 Medium without serum for 24 hours. At 0 and 
24 hours, a light microscope was used to photograph the 
scratch. The scratch closure rate was taken to represent the 
relative migration ability of the cells.

Transwell assay

Transwell experiments were conducted to evaluate the 
invasion ability of NSCLC cells. The experiments were 
performed using 8-μm Transwell chambers (Corning, 
MA, USA), which were pre-coated with Matrigel (BD 
Biosciences, NJ, USA). NSCLC cells were suspended in 
RPMI 1640 Medium without FBS and inoculated into the 
upper chamber of the Transwell. The lower chamber was 
filled with a complete medium containing 10% FBS. After 
24 hours’ culture, the cells that had passed through the 
membrane were fixed with methanol, stained with crystal 
violet, and photographed and counted under a microscope.

Luciferase reporter assay

The pmirGLO vector was used to construct pmirGLO-
ZNF674-AS1-wt (wild type), pmirGLO- ZNF674-
AS1-mut (Mutant),  pmirGLO-E-Cadherin 3'UTR 
(three prime untranslated region)-wt, and pmirGLO-E-
cadherin 3'UTR-mut fluorescence reporter gene plasmids. 
Subsequently, the luciferase plasmids and miR-23a mimics 

were co-transfected into NSCLC cells using Lipofectamine 
3000 transfection reagent. After 48 hours’ culture, a dual-
luciferase reporter analysis system (Promega, WI, USA) was 
used to measure the luciferase activity of the cells.

Western blot analysis

Cellular proteins were extracted with RIPA lysis buffer 
(Sigma-Aldrich ). Protein samples were separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and 
transferred to a polyvinylidene difluoride membrane. The 
membrane was sealed with 5% skim milk for 1 hour at room 
temperature and incubated with anti-E-cadherin antibody 
(ab76055, Abcam, USA) overnight at 4 ℃. Subsequently, 
the membrane was incubated with secondary antibodies 
(Cell Signaling Technology, MA, USA) for 2 hours at 
room temperature. An enhanced chemiluminescence kit 
(ThermoFisher Scientific) was used to display the protein 
bands.

Statistical analysis

Data were analyzed using SPSS18.0 software (IBM, IL, 
USA) and GraphPad Prism 5 (GraphPad Software, CA, 
USA). Each experiment was repeated at least three times 
independently, and the data were expressed as average 
± standard deviation. Differences between two groups 
were analyzed by Student’s t-test, and single-factor 
variance analysis was used for comparisons between two 
groups. P<0.05 was recognized as a statistically significant 
difference.

Results

ZNF674-AS1 is downregulated in NSCLC tissues and cell 
lines

First, we examined the expression levels of ZNF674-AS1 
in NSCLC tissues and cell lines. The results showed that 
ZNF674-AS1 was expressed at a significantly lower in 
NSCLC tissues than in adjacent normal tissues (Figure 1A).  
The expression of ZNF674-AS1 in the A549 and PC9 
NSCLC cell lines was also considerably lower than 
that in the standard lung epithelial cell line BEAS-2B  
(Figure 1B). These results indicate that the expression of 
ZNF674-AS1 is downregulated in NSCLC. To further 
investigate its biological role in NSCLC cells, ZNF674-
AS1 was overexpressed and silenced in A549 and PC9 cells 
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(Figure 1C,1D).

ZNF674-AS1 inhibits the migration and invasion abilities 
of NSCLC cells

Subsequently, we investigated the effects of ZNF674-AS1 
on NSCLC cell migration and invasion by performing 
scratch and Transwell assays, respectively. The scratch test 
results showed that overexpressing ZNF674-AS1 in A549 
and pC9 cells significantly inhibited NSCLC cell migration 
(Figure 2A), while silencing ZNF674-AS1 promoted cell 
migration (Figure 2B). Similarly, the Transwell assay results 
showed that overexpression of ZNF674-AS1 significantly 
inhibited the invasion ability of A549 and PC9 cells  
(Figure 2C), while silencing ZNF674-AS1 had the opposite 
effect (Figure 2D). These results suggested that ZNF674-
AS1 can inhibit the migration and invasion of NSCLC cells.

miR-23a is a downstream target of ZNF674-AS1

Through searching the Starbase database, we predicted 
miR-23a to be one of the direct downstream targets of 
ZNF674-AS1 (Figure 3A). The predicted binding sequence 

between miR-23a and ZNF674-AS1 was confirmed by 
double luciferase reporter gene experiment (Figure 3B). 
Our results indicated that miR-23a is indeed a downstream 
target of ZNF674-AS1. Subsequently, we detected the 
expression levels of miR-23a in NSCLC tissues and 
cells, with qRT-PCR revealing them to be significantly 
downregulated (Figure 3C,3D).

miR-23a antagonizes the role of ZNF674-AS1 in NSCLC

Next, we transfected miR-23a mimics into NSCLC cells 
overexpressing ZNF674-AS1. Scratch and Transwell 
experiment results showed that the inhibitory effect of 
ZNF674-AS1 overexpression on NSCLC cell migration 
and invasion could be eliminated by miR-23a mimics  
(Figure 4A,4B). Additionally, we transfected miR-23a 
inhibitor into ZNF674-AS1-silenced NSCLC cells. The 
results of scratch and Transwell experiments showed that 
the enhancement of NSCLC cell migration and invasion 
caused by ZNF674-AS1 silencing could be eliminated 
by miR-23a inhibitor (Figure 4C,4D). The above results 
suggest that ZNF674-AS1 exerted its inhibitory effect by 
targeting miR-23a.

Figure 1 The expression of ZNF674-AS1 is downregulated in NSCLC tissues and cell lines. (A) The expression of ZNF674-AS1 was 
detected by qRT-PCR. (B) The expression of ZNF674-AS1 in the NSCLC cell lines A549 and PC9 and the normal lung epithelial cell line 
BEAS-2B was detected by qRT-PCR. (C,D) The overexpression and silencing of ZNF674-AS1 in A549 and pC9 cells. *, P<0.05. NSCLC, 
non-small cell lung cancer; qRT-PCR, quantitative real-time polymerase chain reaction.
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miR-23a can directly inhibit the expression of E-cadherin

Next, we looked for downstream targets of miR-23a. 
Through searching the Starbase database, we predicted 
E-cadherin to be one of the direct downstream targets 
of miR-23a (Figure 5A). The predicted binding sequence 
between miR-23a and the E-cadherin 3'UTR was confirmed 
by dual-luciferase reporter gene experiment (Figure 5B). 
Further, we demonstrated that overexpression of miR-23a 
significantly inhibited E-cadherin expression in NSCLC cells, 
while its knockdown had the opposite effect (Figure 5C,5D).  
These results indicated that miR-23a could directly inhibit 

the expression of E-cadherin in NSCLC cells.

Discussion

The malignant process of NSCLC is extremely complex, 
and its molecular mechanism is unclear. In recent years, 
non-coding RNAs have increasingly drawn attention 
for their role in tumor development. The current study 
found that the expression of lncRNA ZNF674-AS1 was 
significantly reduced in NSCLC tissues and cell lines, and 
in vitro experiments showed that ZNF674-AS1 could inhibit 

Figure 2 ZNF674-AS1 inhibits the migration and invasion of NSCLC cells. (A,B) Scratch assay was used to study the effects of 
overexpression and silencing of ZNF674-AS1 on NSCLC cell migration. (C,D) Transwell assay was used to study the effects of 
overexpression and silencing of ZNF674-AS1 on NSCLC cell invasion. Cells were stained with 0.5% crystal violet solution; magnification, 
100×. *, P<0.05. NSCLC, non-small cell lung cancer.
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the migration and invasion of NSCLC cells. 
Previous studies have reported that ZNF674-AS1 is 

downregulated in liver cancer tissues and cell lines, with 
its expression level being significantly related to tumor 
metastasis, clinical stage, histopathological classification, 
and prognosis (13). In Zhang et al.’s study, Kaplan-Meier 
survival curve analysis showed that a low expression of 
ZNF674-AS1 in liver cancer was associated with a poor 
prognosis (13). Furthermore, a recent study showed a 
decreased expression of ZNF674-AS1 in NSCLC (11). 
The downregulation of ZNF674-AS1 was found to be 
significantly related to the TNM stage and overall survival 
rate of patients with NSCLC (11). ZNF674-AS1 can 
inhibit NSCLC cell proliferation, colony formation, and 
tumorigenesis by inhibiting the cell cycle block of G0/
G1 cells (11). Therefore, the results of our study not only 
partially confirm the results of previous works but also 
supplement their findings. 

Previous studies have shown that ZNF674-AS1 can play 
a biological role by regulating of miR-423-3p . In this study, 
miR-23a was identified as a target of ZNF674-AS1. The 
expression of miR-23a was significantly higher in NSCLC 
than in the adjacent lung tissues. Qu et al. found that miR-
23a expression was related to smoking status, tumor size, 
lymph node metastasis, TNM stage, tumor differentiation, 

and overall survival in patients with NSCLC, and was an 
independent prognostic factor (12). Our study also showed 
that miR-23a expression was increased in both NSCLC 
tissues and cell lines, which was consistent with previous 
research results. In terms of its biological activity, miR-23a 
has been reported to promote the migration and invasion 
of NSCLC cells and reduce the sensitivity of lung cancer 
stem cells to erlotinib through the PTEN/PI3K/Akt 
pathway (14,15). The present study showed that miR-23a 
could antagonize the effects of ZNF674-AS1 and promote 
NSCLC cell migration and invasion, which is consistent 
with previous research findings.

Previous studies showed that lncRNA ZNF674-AS1 
could promote p21 expression by antagonizing miR-423-3p 
(11,16,17). As an important cell cycle regulator, p21 induces 
the cell cycle arrest of G0/G1 NSCLC cells to inhibit tumor 
growth (11,16,17). In this study, we confirmed that miR-
23a targets and regulates E-cadherin directly . E-cadherin, 
the key inhibitory factor in epithelial-mesenchymal 
transformation , can negatively regulate the migration 
and invasion of many tumor-related biological processes. 
Insufficient expression of E-cadherin is a predictor of 
metastasis and a poor prognosis  of multiple cancer (18-20).  
Therefore, we believe that the ZNF674-AS1/miR-23a 
signaling axis regulates the migration and invasion of 

Figure 3 miR-23a is the downstream target of ZNF674-AS1. (A) The binding sites of miR-23a and ZNF674-AS1 were predicted with 
Starbase. (B) The predicted binding sites of miR-23a and ZNF674-AS1 were verified by dual-luciferase reporter gene assay. (C) The 
expression of miR-23a was detected by qRT-PCR. (D) The expression of miR-23a in NSCLC cell lines A549 and PC9 and standard lung 
epithelial cell line BEAS-2B was detected by qRT-PCR. *, P<0.05. qRT-PCR, quantitative real-time polymerase chain reaction; NSCLC, 
non-small cell lung cancer.
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Figure 4 miR-23a antagonizes the role of ZNF674-AS1 in NSCLC. (A,B) A scratch test was conducted to study the effects of ZNF674-AS1 
and miR-23a on NSCLC cell migration. (C,D) A Transwell experiment was conducted to study the impact of ZNF674-AS1 and miR-23a 
on NSCLC cell invasion. Cells were stained with 0.5% crystal violet solution; magnification, 100×. *, P<0.05. NSCLC, non-small cell lung 
cancer.
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Figure 5 miR-23a can directly inhibit E-cadherin expression. (A) The binding sites of miR-23a and the E-cadherin 3'UTR were predicted 
with Starbase. (B) A dual-luciferase reporter gene assay was used to verify the predicted binding site of miR-23a and E-cadherin 3'UTR. (C,D) 
Western blot was used to detect the effects of miR-23a overexpression and silencing on E-cadherin expression in NSCLC cells. *, P<0.05. 
3'UTR, three prime untranslated region; NSCLC, non-small cell lung cancer.
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NSCLC cells by regulating E-cadherin expression.
In conclusion, this study has shown that ZNF674-AS1 

and miR-23a are abnormally expressed in NSCLC tissues 
and cells. ZNF674-AS1 inhibits NSCLC cell migration and 
invasion by regulating miR-23a/E-cadherin. These results 
suggest that ZNF674-AS1 and miR-23a may be potential 
therapeutic targets for NSCLC.
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