
O R I G I N A L  R E S E A R C H

LncRNA NEAT1/miR-204/NUAK1 Axis is 
a Potential Therapeutic Target for Non-Small Cell 
Lung Cancer

This article was published in the following Dove Press journal: 
Cancer Management and Research

Ming-Ming Zhao 
Lin-Yang Ge 
Liang-Feng Yang 
Hai-Xia Zheng 
Gang Chen 
Li-Zheng Wu 
Shao-Ming Shi 
Nan Wang 
Yan-Ping Hang

Department of Respiratory and Critical 
Care Medicine, People’s Hospital of 
Gaochun, Nanjing 211300, People’s 
Republic of China 

Background: Long non-coding RNA (lncRNA) is a key part of non-coding RNA, and more 
and more evidence has revealed that it plays a vital role in tumors. NEAT1 is a lncRNA 
discovered in the early stage. However, it is still unclear whether NEAT1 and miR-204 play 
a regulatory role in lung cancer (LC). This research aimed to determine the biological 
function of NEAT1/miR-204 in non-small cell lung cancer (NSCLC).
Materials and Methods: In order to research the function of NEAT1 in NSCLC, RT-PCR, 
Western blot, luciferase assay and RNA immunoprecipitation assay were used to determine 
the relationship between NEAT1, miR-204 and NUAK1. CCK8 test, cell migration and 
invasion test were used to explore the influence of NEAT1 on proliferation and metastasis 
of LC cells. Tumor allotransplantation was used to detect the influence of NEAT1 on the 
growth of LC.
Results: The results revealed that NEAT1 was obviously enhanced in LC cell lines. Further 
functional analysis showed that low expression of NEAT1 obviously suppressed the growth, 
migration and invasion of NSCLC and facilitated cell apoptosis. Determination of luciferase 
reporter gene revealed that miR-204 was the direct target of NEAT1 in LC. In addition, 
NUAK1 was called the direct target of miR-204, and miR-204/NUAK1 had saved the role of 
NEAT1 in NSCLC cells. Tumor allotransplantation experiments showed that knocking down 
NEAT1 could inhibit the growth of LC.
Conclusion: In summary, our results showed that the down-regulation of NEAT1 in NSCLC 
inhibited its growth, migration and invasion through the miR-204/NUAK1 axis.
Keywords: NEAT1, miR-204, NUAK1, non-small cell lung cancer

Introduction
Lung cancer (LC), as the most common malignant respiratory tumor clinically, is 
still the main reason of tumor-related morbidity and mortality all over the world.1 

According to the global statistics in 2018,2 there are more than 2,000,000 new 
patients with LC and 1,700,000 dead patients in 2018. It also indicates that the 
new patients with LC are gradually getting younger. According to the type of LC, 
it can be separated into small cell lung cancer (SCLC) and non-small cell lung 
cancer (NSCLC), in which NSCLC accounts for more than 85%.3 At present, the 
treatment of NSCLC is mainly through surgery combined with radiotherapy and 
chemotherapy. However, due to the relatively hidden incidence of NSCLC, most 
of the patients are in the middle and advanced stages when they are admitted to 
the hospital, while the prognosis of patients with advanced NSCLC is not ideal. 
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Data show that the 5-year survival rate of patients with 
late NSCLC is less than 15%.4,5 In recent years, targeted 
therapy has played a vital role in improving the prog-
nosis of patients.6 However, there are few therapeutic 
targets for NSCLC at present. It is the key to seek 
potential targets and further explore the molecular 
mechanism of NSCLC for improving the present 
situation.

At present, only 1% to 2% of the genome and transcrip-
tome data studied by humans are genome encoded proteins, 
while most mammalian genomes contain this large amount 
of non-encoded RNA.7 In recent years, long-chain non- 
coding RNA (lncRNA) has become a research hotspot in 
various fields.8 LncRNA is a non-coding RNA with a length 
of more than 200 nt. Since lncRNA were initially found to 
have no protein-coding capacity,9 they were considered as 
metabolic wastes during transcription. However, recent stu-
dies have revealed that lncRNA has great differences in 
various diseases.10,11 Especially in tumors, researches12,13 

have shown that part of lncRNA affect the development 
and progression of tumors. Nuclear para specific assembly 
transcript 1 (NEAT1) (also known as LINC00084), as 
a member of lncRNA family, is located on human 11q13.1 
chromosome.14,15 Previous studies have revealed that 
NEAT1 is differentially expressed in liver carcinoma,16 gas-
tric carcinoma17 and breast carcinoma.18 Many other studies 
have revealed that19,20 NEAT1 participates in the develop-
ment of LC by regulating downstream microRNA (miR), but 
there is no report that NEAT1 can participate in the develop-
ment of LC by regulating miR-204. In this study, we found 
a targeted binding site between NEAT1 and miR-204 through 
the joint prediction of LncBase,21 starbase,22 mircode23 and 
miRDB.24

Therefore, this study aimed to explore whether NEAT1 
could regulate miR-204 and its downstream target genes to 
participate in the development of LC and provide potential 
targets for clinical treatment.

Methods and Materials
Online Website Analysis
The expression of miR-204 in lung adenocarcinoma (LA) 
was analyzed by starbase website (http://starbase.sysu.edu. 
cn/), and the expression of NEAT1 in LA was analyzed by 
GEPIA225 (http://gepia2.cancer-pku.cn/#index), and pic-
tures were obtained to show the expression.

Clinical Data
A total of 68 patients with NSCLC treated in People’s 
Hospital of Gaochun from January 2015 to January 2017 
were selected. The tumor and adjacent tissues of the patients 
were collected during surgery. The collected tissues were 
transported by liquid nitrogen and sent to the laboratory for 
testing. The samples collected from patients in this study had 
not been treated with chemoradiotherapy or anti-tumor ther-
apy before this study. All samples of the patients were sent 
to the pathology department for examination and patients 
were confirmed as LA. All patients affixed informed consent 
forms. This research was ratified by the Medical Ethics 
Committee of People’s Hospital of Gaochun and it was 
consistent with the Helsinki Declaration.26

Cell Culturing and Transfection
Human bronchial epithelial cell strain 16HBE, as well as 
LC cell strains A549, SPC-A1, NCI-H23, NCI-H520 
were acquired from the American Center for Typical 
Culture Collection (Manassas, Virginia, the United 
States). The purchased cells were cultivated using 
Dulbecco modified Eagle Medium (DMEM), which sup-
plemented 10% of fetal bovine serum (Gibco, Grand 
Island, New York, the United States), penicillin (100 U/ 
mL) and streptomycin (100 mg/mL) in a humid environ-
ment comprising 5% CO2 at 37 °C. In this study, 
Lipofectamine 3000 (Invitrogen, CA, USA) was used 
for transfection. miR-204 mimetic (miR-204-mimics) 
/inhibitor (miR-204-inhibit), siRNA targeting NEAT1 (si- 
NEAT1#1:5ʹ-GGTCTGTGTGGAAGGAGGAAGGCAG 
-3ʹ, si-NEAT1#2:5ʹ-GCCAUCAGCUUUGAAUAAAUU 
-3ʹ,si-NEAT1#3:5ʹ-GGUGUUAUCAAGUGAAUUAUU 
-3ʹ), lentivirus and corresponding negative control were 
all from GenePharma (Shanghai, China).

Detection of Cell Proliferation
In this study, CCK-8 kit was used to test cell proliferation. The 
transfected cells (2.5 × 10 3) were inoculated into 96-well plate 
(Corning Inc, United States). According to the manufacturer’s 
regulations, cell growth was evaluated at various time points 
(0, 24, 48, 72 and 96 h) through CCK-8 assay (Dojindo, Tokyo, 
Japan). The absorbance value at 450 nm wavelength was 
measured using an enzyme-labeling instrument (Molecular 
Devices, USA), which was positively correlated with cell 
proliferation.
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Cell Invasion and Migration
In this study, Transwell was used to measure cell migration and 
invasion. For invasive analysis, the Transwell chamber (8 μm, 
Corning, Inc., Corning, NY, the United States) was precoated 
with Matrigel (BD Biosciences, Franklin Lake, NJ, the United 
States). Transfected cells were resuspended in serum-free med-
ium and inoculated into the upper Transwell chamber. The 
DMEM (500 μL) comprising 10% fetal bovine serum was 
put in the lower chamber as chemotactic inducer. After cultur-
ing at 37 °C for 24 h, the cells remaining in the upper chamber 
were eliminated with cotton swabs, and the cells invading the 
lower chamber were fastened in 100% methanol and dyed with 
0.05% crystal violet (Sigma-Aldrich). The amount of invasive 
cells was counted from 5 randomly selected areas and imaged 
using an inverted microscope (Olympus, Tokyo, Japan). The 
study of cell migration was conducted in a cross-well chamber 
without matrix and followed similar instructions.

Apoptosis Detection
Flow cytometry was used to test apoptosis in this study. 
Transfected cells were obtained by trypsin transfection. After 
double staining with FITC-Annexin V and PI, FITC-Annexin 
V apoptosis test kit (BD Biosciences) was used on the basis of 
kit instructions. Flow cytometer (FACScan, BD biosciences) 
of Cell Quest 3.0 software was used to analyze cells.

qRT-PCR
In this research, qRT-PCR was used to detect the relative 
expression of lncRNA/miR/mRNA. The cells were obtained 
and total RNA was abstracted from the tissue through TRIzol 
reagent (Invitrogen). The extracted total RNA was reverse 
transcribed into cDNA through RNA reverse transcription 
kit (Takara). Real-time PCR analysis was conducted with 
SYBR Green (Takara), the amplification was performed with 
ABI7500, and the operation was conducted on the basis of 
the manufacturer’s specifications. GAPDH (for lncRNAs) or 
U6 (for miRNAs) were used as internal parameters. The 
multiple change of relative expression was calculated by 
2-−ΔΔ-CT.27 The primer sequences are shown in Table 1.

WB Detection
Radioimmunoprecipitation assay (RIPA) of protease inhi-
bitor was used to break cells with lysis buffer. After high- 
speed centrifugation, the supernatant was obtained and 
heated in a water bath to denature the protein. The protein 
was quantified by double caprylic acid (BCA). Then, the 
protein was separated by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) and 
sealed with 5% skim milk and 0.05%TBS-Tween-20 
(TBST) for 1 h at room temperature, and the first anti-
bodies (cleave-caspase 9, Bax, Bcl-2, MMP-2, MMP-9) 
were added and cultured at 4 °C for 12 h. The polyviny-
lidene fluoride (PVDF) film was washed with TBST solu-
tion, and then cultured with a secondary antibody 
(Hubeibiosci Biotechnology Co., Ltd., 1: 2000) at ambient 
temperature for 1 hour. After that, the chemiluminescence 
method was developed by hypersensitivity ECL (Hubei 
Biotechnology Co., Ltd.). β-actin was used as an internal 
reference.

Double Fluorescein Report
The miR-204 mutation site in NEAT1 luciferase reporter vector 
was produced through site-directed mutagenesis. PCR pro-
ducts were cloned into PMIR-GLO luciferase vector down-
stream of the firefly luciferase coding region (Invitrogen, 
USA). The construct was called pMIR-NEAT1-wt. The muta-
tion of miR-204 binding site was introduced through site- 
directed mutagenesis, and the obtained plasmid was called 
pMIR-NEAT1-Mut. Luciferase assay was performed with 
1×10 4, and HEK-293 cells were inoculated in a 48-hole 
plate. The co-transfection was conducted through 200 ng 
pMIR-NEAT1-wt or pMIR-NEAT1-Mut vector and 80 ng 
miR-204 mimetic or inhibitor. After transfection for 48 hours, 
the cells were obtained, and the contents of fireflies and algal 
luciferases were determined using Dual-Glo luciferase assay 
kit (Promega, Madison, Wisconsin, United States). All trans-
fection tests were repeated three times. miR-204 and NUAK 
family kinase 1 (NUAK1) were carried out according to the 
above steps.

Table 1 Primer Sequences

Primer Sequences Upstream Primers Downstream Primers

NEAT1 5ʹ-GGATATGCCCTTCATCCTGTGACGC-3’ 5ʹ-TCCACACGTCCACTGTCCCAAAATC-3ʹ
miR-204 5ʹ-CCCATCGTTAAGCAATGCATGAC-3’ 5ʹ-GAGGGCCTCCTGATCATTTACC-3’

NUAK1 5ʹ-CCGCTCACTGATGTAATCGT-3’ 5ʹ-GTCATCTCTCAACCATCCTCAT-3’
GAPDH 5ʹ-ATTCCACCCATGGCAAATTC-3’ 5ʹ-TGGGATTTCCATTGATGACAAG-3’

U6 5ʹ-CTCGCTTCGGCAGCACA-3’ 5ʹ-AACGCTTCACGAATTTGCGT-3’
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RIP Experiment
In this study, EZ-Magna RIP RNA binding protein immu-
noprecipitation kit (Millipore, Bedford, MA, USA) was 
applied for RNA immunoprecipitation (RIP) analysis. 
The specific steps were carried out on the basis of the 
manufacturer’s kit. The method was as below: A549 cells 
with fusion degree of 80–90% were assimilated, obtained 
and lysed in RIP lysis buffer. Next, 100 μL of whole cell 
lysate was cultivated with RIP buffer comprising magnetic 
beads coupled to human antibody against Argonaut 2 
(Ago2) (ABCAM, Cambridge, MA, USA) or normal 
mouse IgG (Millipore) for 6 hours at 4 °C. The beads 
were processed with protease K buffer to digest the pro-
tein, and then the target RNA was abstracted. Finally, the 
coprecipitated RNA was analyzed by qRT-PCR for further 
study.

Statistical Analysis
In this study, GraphPad 7 was used to draw the required 
pictures and data analysis. SPSS version 20.0 was used to 
analyze the independent prognostic factors of patients. 

The measurement data was represented by mean number 
± standard deviation (Mean±SD). The comparison 
between groups was conducted through independent sam-
ple t test. The counting data were represented by percen-
tage (%). The chi-square test was expressed by 2. One- 
way ANOVA was applied for comparison among multiple 
groups, expressed as F. LSD-t test was applied for pair-
wise comparison afterwards. Repetitive measurement and 
analysis of variance was applied for expression at multi-
ple time points, expressed as F. Bonferroni was used for 
post test. Pearson test was used to analyze the correlation 
of each gene. There was a statistical difference with 
P<0.05.

Results
Expression of NEAT1 Increased in LA
First of all, we analyzed it to determine the NEAT1 
expression in LA through GEPIA2 online website. The 
results showed that the expression of NEAT1 in LA 
increased in the TCGA database (Figure 1A). Then, 
qRT-PCR was used to detect the expression in LA 

Figure 1 Expression of NEAT1 in LA. (A) GEPIA2 was used to analyze the NEAT1 relative expression in TCGA database. (B) qRT-PCR was used to detect the NEAT1 
relative expression in tumor tissues of LA patients. (C) qRT-PCR was used to detect the relationship between NEAT1 relative expression and TNM staging in tumor tissues 
of LA patients. (D) qRT-PCR was used to detect the relationship between NEAT1 relative expression and lymph node metastasis in tumor tissues of LA patients. (E) qRT- 
PCR was used to detect the NEAT1 relative expression in LA cell line. *P < 0.05; **P < 0.01; ***P < 0.001.
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patients’ tissues and it revealed that the relative expres-
sion was obviously enhanced compared with the para- 
carcinoma tissues (Figure 1B). Patients were further 
separated into high and low expression groups in accor-
dance with the median expression value of NEAT1. By 
observing the connection of NEAT1 with the pathologi-
cal data of patients, it was found that there was lymph 
node metastasis and TNM high stage probability 
increased in patients with high expression of NEAT1 
(Table 2). Further analysis uncovered that NEAT1 in 
patients with lymph node metastasis (Figure 1C) and 
high TNM stage (Figure 1D) was higher than in patients 
without lymph node metastasis and low TNM stage. In 
addition, we found that the NEAT1 in LC cell line was 
obviously higher than that in human bronchial epithelial 
cell line (Figure 1E) through qRT-PCR detection, sug-
gesting that NEAT1 was highly expressed in LA.

Knocking Down NEAT1 Could Inhibit the 
Growth, Invasion and Migration of LA 
Cells and Induce Cell Apoptosis
To further determine the influence of NEAT1 on LA, 
we constructed si-NEAT1 vector (Figure 2A), and 

selected si-NEAT1#2 with significant difference for 
cell transfection (Figure 2B). Subsequently, CCK-8 
assay revealed that the proliferation activity of cells 
transfected with si-NEAT1#2 was significantly inhibited 
compared with that of si-NC (Figure 2C-D), while 
Transwell experiment revealed that the invasion and 
migration activity of cells transfected with si-NEAT1 
#2 were significantly decreased compared with that of 
si-NC (Figure 2E-F). In addition, flow cytometry 
showed that apoptosis was significantly induced after 
transfection of si-NEAT1#2 (Figure 2G). These results 
implied that NEAT1 might be a latent target for the 
therapy of LA.

NEAT1 Acted as an miR-204 Sponge
In order to further determine the mechanism of NEAT1 in 
LA, we predicted that NEAT1 could bind miR. Previous 
studies showed that lncRNA could regulate miR to parti-
cipate in tumor development. Through the online predic-
tion website, we predicted and analyzed the downstream 
of NEAT1 in combination with miR. It was found that 
NEAT1 and miR-204 had a targeted binding relationship 
(Figure 3A-B). Subsequently, we concluded that miR-204 
was weakly expressed in LA through starbase analysis of 

Table 2 Relationship Between NEAT1 and Pathological Data of LA Patients

Factors NEAT1 P

High Expression (n=34) Low Expression (n=34)

Age 0.618

≥55 years old (n=42) 20 22
<55 years old (n=26) 14 12

Gender 0.622
Male (n=28) 15 13

Female (n=40) 19 21

Smoking history 0.143

Yes (n=38) 22 16

No (n=30) 12 18

TNM stages 0.042

I+II (n=44) 18 26
III+IV (n=24) 16 8

Lymph node metastasis 0.033
Present (n=20) 14 6

Absent (n=48) 20 28

Differentiation 0.177

Poorly differentiated (n=19) 12 7
Middle+well differentiated (n=49) 22 27
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miR-204 expression in LA (Figure 3C). In addition, qRT- 
PCR detection revealed that miR-204 in cancer tissue of 
LA patients was lower than that in para-carcinoma tissues 
(Figure 3D). The correlation analysis also revealed that the 
NEAT1 was negatively correlated with miR-204 in LA 
tissues (Figure 3E). This indicated that there was a latent 
targeting connection between NEAT1 and miR-204. Then, 
we found that miR-204-mimics could inhibit NEAT1-WT 
fluorescence activity (Figure 3F) through double luciferase 
report and RIP experiment analysis respectively, while RIP 
experiment showed that NEAT1 and miR-204 could be 
precipitated by Ago2 antibody (Figure 3G). It confirmed 
that NEAT1 could target miR-204.

miR-204 Targeted Regulation of NUAK1
It has been proved that miR regulates downstream target 
genes to participate in the occurrence of diseases. In order 
to further study the potential mechanism of miR-204, we 
predicted the target gene downstream of miR-204. 
Through prediction, we found that there was a target 

site between miR-204 and NUAK1 (Figure 4A). 
Subsequently, we detected theNUAK1 in LA. qRT-PCR 
showed that the NUAK1 was increased in LA (Figure 4B). 
The correlation analysis also showed that miR-204 was 
negatively correlated with NUAK1 and positively corre-
lated with NEAT1 in tumor tissue of patients with LA 
(Figure 4C). In addition, the double luciferase report 
experiment showed that the fluorescence activity of 
NUAK1-WT could be suppressed by miR-204-mimics 
(Figure 4D), and the relative expression of NUAK1 in 
the cells after transfection with miR-204-mimics was 
also determined through qRT-PCR and WB experiments 
(Figure 4E-F). This indicated that miR-204 targeted reg-
ulation of NUAK1.

NEAT1 Inhibited the Growth and 
Metastasis of LC Cells by Regulating 
miR-204/NUAK1 Axis
At the end of the study, we conducted a rescue experiment 
to further determine whether NEAT1 could participate in the 

Figure 2 Knocking down NEAT1 inhibited the proliferation, invasion, migration and induced apoptosis of LC cells. (A) qRT-PCR was used to detect the relative expression 
of NEAT1 in si-NEAT1 vector. (B) qRT-PCR was used to detect the relative expression of NEAT1 after si-NEAT1#2 transfection into LC cells. (C-D) CCK-8 test was used 
to detect the proliferation of cells transfected with si-NEAT1#2. (E-F) Transwell test was used to detect the change of cell invasion and migration ability after transfection of 
si-NEAT1#2. (G) Flow cytometry was used to detect the change of apoptosis rate after transfection of si-NEAT1#2. *P<0.05, **P<0.01.
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development of LC by adjusting the miR-204/NUAK1 axis. 
Through the experiment, we concluded that the cell growth, 
invasion and migration abilities were significantly faster 
than those of pcDNA-NC+miR-inhibit, and the cell apop-
tosis was inhibited since miR-204-inhibit and pcDNA- 
NUAK1 were transfected into LA cells. However, the 
above results were reversed since si-NEAT1#2 was co- 
transfected with miR-204-inhibit or pcDNA-NUAK1 
(Figure 5A-C, 6A). In addition, WB detection showed that 
the relative expression of cleaved-caspase 3, cleaved- 
caspase 9, Bax, MMP-2, MMP-9 protein in cells transfected 
with miR-204-inhibit and pcDNA-NUAK1 was obviously 
decreased, while the relative expression of Bcl-2 protein 
was obviously increased. However, the above results were 
reversed after co-transfection (Figure 6B), suggesting that 

NEAT1 inhibited the growth and metastasis of LC cells by 
regulating miR-204/NUAK1 axis.

Discussion
In this research, we concluded that NEAT1 expression 
increased in patients with LA and the cell strains, and 
the probability of TNM high staging and lymphatic metas-
tasis increased significantly in patients with high expres-
sion of NEAT1. In addition, we found that knock-down of 
NEAT1 could inhibit the growth, invasion and migration of 
LA cells, and induce apoptosis of LA cells, so it was 
a potential therapy target for LA. Besides, we found for 
the first time that NEAT1 could suppress the growth and 
metastasis of LC through miR-204/NUAK1 axis, which 
was expected to become a clinical therapeutic target.

Figure 3 NEAT1 regulated miR-204. (A) miRDB, starBase, LncBase and miRcode online prediction websites were used to predict NEAT1 potential miR. (B) Targeted 
binding site of NEAT1 and miR-204. (C) starBase was used to analyze the relative expression of miR-204 in LA in TCGA database. (D) qRT-PCR was used to detect the 
relative expression of miR-204 in tumor tissues of LA patients. (E) Pearson test was used to analyze the correlation between NEAT1 and miR-204 in tumor tissues of LA 
patients. (F) RIP experiment confirmed that NEAT1 and miR-204 could be precipitated by Ago2 antibody. (G) Double luciferase report was used to detect the effect of miR- 
204-mimics on NEAT1-WT fluorescence activity. *P<0.05, **P<0.01, ***P<0.001.
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NEAT1, as an early lncRNA, has been found to affect 
the progression of many diseases. For instance, studies by 
Pang et al28 have revealed that NEAT1 could promote 
breast cancer progression through miR-124/STAT3 axis. 
In addition, the researches of Zhang et al29 have shown 
that NEAT1 can promote the progress of colorectal cancer 
by activating Wnt/β-catenin signal and interacting with 
DDX5. In this research, we first studied the NEAT1 in 
LA through GEPIA2 web analytics, and found that the 
NEAT1 in LA was higher than that in control samples. 
Then, we found that the expression of NEAT1 in tumor 
tissues of patients with LA and LA cell strains was higher 
than that in adjacent tissues and human bronchial epithelial 
cell lines through qRT-PCR detection, which was consis-
tent with the previous research results, indicating that 
NEAT1 was expected to become a potential diagnostic 
indicator of LA. At present, the strategy for clinical treat-
ment of tumors is to achieve therapeutic effect by 

suppressing the growth of tumor cells and facilitating 
tumor cell apoptosis.30 Therefore, we transfected the 
knocked-down NEAT1 vector into LA cells. Through 
observation, we found that the growth, invasion and 
migration of cells transfected with si-NEAT1#2 were sig-
nificantly weakened compared with the control, and the 
apoptosis was further promoted. However, studies of Li 
et al31 have also shown that knocking down NEAT1 can 
suppress the proliferation and invasion of LC cells, which 
verified our study.

Competing endogenous RNAs (ceRNA) are considered 
as a new mechanism of RNA interaction.32,33 CeRNA can 
regulate gene expression by competitively binding 
microRNA.34 For example, researches by Yuan et al35 

have shown that NEAT1/miR −133a axis participates in 
promoting the progression of cervical carcinoma by target-
ing SOX4. Other studies have revealed that36 NEAT1/miR- 
1224/KLF3 participates in proliferation, apoptosis and 

Figure 4 NUAK1 was a downstream target gene of miR-204. (A) Targeted binding site of miR-204 and NUAK1. (B) qRT-PCR was used to detect the relative expression of 
NUAK1 in tumor tissue of LA patients. (C) Pearson test was used to analyze the correlation between NUAK1 and miR-204/NEAT1. (D) Double luciferase report confirmed 
that the fluorescence activity of NUAK1-WT was inhibited by miR-204-mimics. (E-F) qRT-PCR and WB experiments were used to detect the relative expression of NUAK1 
in cells transfected with miR-204-mimics. *P<0.05, ***P<0.001.
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invasion of LC cells. In this study, we predicted the poten-
tial binding miR of NEAT1 through 4 online prediction 
websites and found that there was a targeted connection of 
NEAT1 with miR-204. Subsequently, we analyzed the miR- 
204 in LA through starbase and qRT-PCR. The results 
showed that the miR-204 in tumor samples was lower 
than that in control samples both in the database and in 
LA tumor tissues. The correlation analysis showed that 
there was a negative correlation of miR-204 with NEAT1. 
This indicated that there was a latent targeting connection 
of miR-204 with NEAT1. Then, we verified it by RIP and 
double luciferase reporting experiments. Previous studies 
have revealed that37 miR-204 is low in LC and is expected 
to become a potential diagnostic indicator for LC. 
Moreover, other studies have revealed that38 miR-204 par-
ticipates in the development of LC through targeted regula-
tion of downstream genes. NUAK1 is also known as 
adenosine monophosphate-related kinase 5 (ARK5). 
Studies have revealed that NUAK1 is differentially 
expressed in nasopharyngeal carcinoma39 and ovarian 

carcinoma,40 and it is expected to become a potential prog-
nostic indicator. In this study, we found that there was 
a targeted binding site of miR-204 with NUAK1. The tar-
geted relationship between miR-204 and NUAK1 has been 
confirmed in liver cancer in previous studies by Yu et al.41 

However, it is not clear whether there is the same regulatory 
relationship in LC. In this research, we concluded that the 
NUAK1 in LA patients increased significantly and was 
negatively correlated with miR-204. In addition, we con-
firmed the targeting relationship between miR-204 and 
NUAK1 in LC through a double luciferase report.

More and more studies have revealed that lncRNA 
can participate in tumor growth by regulating the miR/ 
mRNA axis.42 In the above studies, we found that 
NUAK1 might have the ability to regulate the miR-204/ 
NUAK1 axis, but whether it can play a role is still 
unclear. Therefore, we conducted a rescue experiment 
at the end of our research. Through experiments, we 
found that the growth, invasion and migration of cells 
transfected with miR-204-inhibit and pcDNA-NUAK1 

Figure 5 NEAT1 inhibited the proliferation, invasion and migration of LC cells by regulating miR-204/NUAK1 axis. (A) CCK-8 test was used to detect cell proliferation after 
co-transfection. (B-C) Transwell test was used to detect the changes of invasion and migration ability of cells after co-transfection. *P<0.05.
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were significantly faster than those of the control, and 
the apoptosis of cells was inhibited. However, the above 
results were reversed since si-NEAT1#2 was co- 
transfected with miR-204-inhibit or pcDNA-NUAK1. In 
addition, our research also showed that the proteins of 
cleaved-caspase 3, cleaved-caspase 9, Bax, MMP-2 and 
MMP-9 in cells after co-transfection were obviously 
higher than those of cells transfected with miR-204- 
inhibit and pcDNA-NUAK1, while Bcl-2 was signifi-
cantly lower, which suggested that NEAT1 could inhibit 
the growth of LA by regulating miR-204/NUAK1 axis to 
inhibit the invasion and migration of LA and promote 
the apoptosis of LA cells.

In this research, we confirmed the function of NEAT1/ 
miR-204/NUAK1 axis in LA, but there are some limita-
tions in this research. Firstly, we have not conducted 
in vivo experiments in this study, and whether NEAT1/ 
miR-204/NUAK1 axis plays the same role in vivo still 
needs to be further verified. In addition, the samples that 

we collected in this study are single, and some reports 
have shown that lncRNA is expressed in various samples. 
Whether the development of LA can be judged by detect-
ing other samples is also of great significance, so we hope 
to carry out more research in the future to further supple-
ment our research results.

Conclusion
To sum up, the expression of NEAT1 increases in patients 
with LA and cell strains, and inhibits the growth of LA by 
mediating miR-204/NUAK1 axis. It is a potential therapeu-
tic target for LA.
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Figure 6 NEAT1 inhibited the apoptosis of LC cells by regulating miR-204/NUAK1 axis. (A) Flow cytometry was used to detect the change of apoptosis rate after co- 
transfection. (B) WB test was used to detect the relative expression of apoptosis-related proteins, MMP2 and MP9 after co-transfection. *P<0.05.
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