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Introduction 

Presently, lung cancer has one of the highest malignancy-
related morbidity and mortality rates worldwide, and 

exhibits an increasing trend every year (1). Owing to the 

substantial body of basic research in recent years, early 

diagnosis of lung cancer, minimally invasive surgery, and 
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targeted therapy have been greatly improved; yet, the lung 
cancer death toll remains high (2,3). This is primarily due 
to the fact that there are no significant clinical symptoms 
in early-stage lung cancer (4,5). The majority of patients 
(approximately 75%) are already in advanced stages at 
initial diagnosis, and some even present with distant 
metastases. Studies have shown that deletion, mutation, and 
amplification of related genes can significantly promote the 
occurrence and development of lung cancer. For example, 
the deletion of the cyclin-dependent kinase inhibitor 2A 
(CDKN2A) gene, which encodes the auxin response factor 
(ARF) and p16 proteins to regulate the cell cycle, which 
encodes the ARF and p16 proteins to regulate the cell cycle 
as well as the activity of p53 and CDK4/6/pRB, respectively, 
and block the cell cycle, thereby inhibiting the occurrence 
and proliferation of tumors (6,7). In squamous cell and 
small cell carcinomas, some genes in the chromosomes, 
such as sex determining region Y-box2 (SOX2) and NK2 
homeobox 1 gene (NKX2-1), also undergo copy number 
amplification (5). Mutations in oncogenes, such as Kirsten 
rat sarcoma 2 viral oncogene homolog (KRAS) and 
epidermal growth factor receptor (EGFR), will promote 
molecular activation as well as the excessive and disordered 
proliferation of tumor cells (8). The discovery of these 
mutations and the elucidation of lung cancer function have 
promoted the rapid development of targeted therapies, such 
as small molecule inhibitors targeting EGFR, which have 
significantly improved the survival of lung cancer patients 
(9,10). Therefore, exploring the key molecular targets that 
affect the regulation of lung cancer will further improve the 
understanding of the pathogenesis of lung cancer. At the 
same time, by exploring related molecules, powerful and 
effective diagnostic markers may be discovered for clinical 
preventive treatment.

In recent years, numerous studies have reported that 
some long-ignored ribonucleic acids (RNAs), such as non-
coding RNAs, which do not possess the ability to encode. 
At present, it is established that approximately 93% of the 
sequences in the human genome can be transcribed into 
RNA, however only 2% of RNA can be translated into 
protein, with the remaining 98% being long non-coding 
RNAs (lncRNA) (11,12). These are RNA molecules that are 
transcribed from the cell genome with a length greater than 
200 nucleotides (nt). They are involved in the regulation 
of the cell cycle as well as cell proliferation, differentiation, 
and apoptosis, and other important physiological processes 
(13,14). Recent studies have shown that there are also a 
large number of abnormally expressed lncRNAs in lung 

cancer tissues. These lncRNAs can either promote or 
inhibit the occurrence and development of lung cancer and 
are expected to become biomarkers for the early diagnosis 
of lung cancer (15,16). 

Furthermore, studies have shown that the non-coding 
RNA, ARAP1 antisense RNA 1 (ARAP1-AS1), can 
markedly affect the occurrence and development of other 
tumors, including bladder, colorectal, and breast cancers 
(17-19). However, the expression level, biological function, 
and molecular function of lncRNA ARAP1-AS1 in lung 
cancer tissues are still unclear. This study aims to clarify 
the function and mechanism of this gene in lung cancer 
tissues, in vitro cell models, and in vivo nude mouse tumor 
formation experiments. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at http://dx.doi.org/10.21037/jtd-20-3378).

Methods 

Fifteen lung cancer patients who were treated and had their 
tumors surgically removed in our hospital from February 
2018 to July 2019 were included in this study. The tumor 
tissue and matched normal tissue adjacent to the tumor 
(>5 cm from the edge of the cancer bed tissue) were taken 
from the patients during surgical resection. The patients 
did not undergo any treatment prior to surgery. All samples 
were taken and rinsed with phosphate-buffered saline (PBS) 
buffer immediately, and subsequently the samples were 
stored in liquid nitrogen for subsequent RNA extraction. 
All enrolled patients signed an informed consent form. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the ethics committee of the First Affiliated Hospital of 
Soochow University (No. 20180945) and informed consent 
was taken from all the patients.

Human lung cancer cell lines (PC-9, A549, H226, 
H1975, and H1299 cells) and a normal human lung 
epithelial cell (BEAS-2B) were purchased from the 
Shanghai Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). The Cell Counting Kit 8 (CCK-8), 
crystal violet staining solution, and cell cycle detection 
kit were purchased from Beijing Biyuntian Biotechnology 
Co. Ltd (Beijing, China). The total RNA extraction kit, 
SYBR Green reagent, reverse transcription polymerase 
chain reaction (RT-PCR kit) (Takara, Japan), primary 
antibody rabbit anti-β-actin, cyclin D1, CDK4, CDK6,  
Ki-67, horseradish peroxidase-labeled secondary antibodies 
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were purchased from Cell Signaling Technology (Shanghai, 
China). The Roswell Park Memorial Institute (RPMI)-1640 
medium, Dulbecco's Modified Eagle Medium (DMEM) 
medium, fetal bovine serum, and double antibodies were 
purchased from Gibco (Shanghai, China).

RT-PCR method to detect the expression of lncRNA 
ARAP1-AS1

The tissue sample cells were collected, and the total 
RNA extraction kit was used to extract the RNA, strictly 
according to the manufacturer’s instructions. The reverse 
transcription kit was used to obtain complementary 
deoxyribonucleic acid (cDNA). SYBR Green dye method 
was used for the RT-PCR reaction. The ΔΔCt method was 
used to calculate the relative expression of lncRNA ARAP1-
AS1; glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
was used as an internal reference gene, and the lncRNA 
ARAP1-AS1 and GAPDH primer sequences were used as 
references (20).

Vector construction and transfection 

Lung cancer cells with good growth status were inoculated 
in a 6-well plate. After the cells were cultured overnight, 
the fusion reached 80%. SuperFectin short hairpin RNA 
(shRNA) transfection reagent was used to combine 
shARAP1-AS1 (shRNA-1 and shRNA-2) with negative 
control shRNA (shNC) transfection cells, and the primer 
sequence was interfered with reference (19). After 48 hours, 
quantitative RT-PCR (qRT-PCR) and Western blotting 
were performed to detect transfection efficiency.

CCK-8 detects cell viability

Lung cancer cells in the logarithmic growth phase were 
collected after transfection. DMEM medium containing 
10% fetal bovine serum was used to dilute the cells to a 
cell suspension of 5×104/mL. The cell suspension was then 
inoculated on a 96-well culture plate, and subsequently 
incubated in a cell culture incubator at 37 ℃ and 5% carbon 
dioxide (CO2). Each group had five parallel wells. After 
culturing for 24, 48, and 72 h, 10 μL of CCK-8 reagent was 
added. After culturing for a further 3 h in an incubator at  
37 ℃, a full-wavelength microplate reader was used to 
detect the optical density (OD) value of each well at 490 nm.  
The experiment was repeated three times, with the average 
of the absorbance values of five replicate wells taken, and 

the cell growth curve was drawn.

Clone formation experiment

Cells in the logarithmic growth phase were collected after 
transfection and digested into a single cell suspension with 
0.25% trypsin and a pipette. They were then counted with 
a cell counting plate, inoculated into a 6-well plate (density: 
600 cells/well), and gently rotated to disperse the cells 
evenly. The cells were then cultured in a CO2 incubator at 
37 ℃ and 5% CO2. After 2 weeks, when visible colonies 
were formed, the culture medium was discarded and the 
cells were carefully immersed in PBS once. Subsequently, 
1% paraformaldehyde was applied for 10 minutes to fix the 
cells. The fixative was then discarded, and the cells were 
washed with PBS buffer again. Crystal violet solution was 
then added for staining, and rinsed slowly under running 
water three times after staining. Pictures of the cells were 
then taken, and cell clusters of ≥50 cells were used as the 
number of clones to analyze the clone formation rate.

Flow cytometry to detect cell cycle 

Lung cancer cells were collected 48 h after transfection 
and digested into a single cell suspension with 0.25% 
trypsin and a pipette. The cell pellet was collected by 
centrifugation, washed carefully with PBS once, and then 
pre-chilled 75% ethanol was used to fix for 12 h. After 
centrifugation, the cell pellet was washed with PBS buffer 
once, 50 μL of staining solution was added [ribonuclease 
(RNase) and propidium iodide (PI)], incubated in the dark 
for 30 minutes, and then flow cytometry was used to detect 
the distribution of the cell cycle.

Western blot detection

The lung cancer cells were collected after transfection, lysed 
on ice, and the protein concentration was determined by the 
Bicinchoninic acid disodium (BCA) protein quantification 
method. A sample amount of 50 μg was added to each 
well, and a 12% polyacrylamide gel was used for protein 
electrophoresis. The electrophoresis voltage was set to 90 
and 120 V constant pressure. Following this, wet transfer to 
the PVDF membrane was performed; the membrane was 
diluted in PBS, and 5% skimmed milk powder was sealed at 
room temperature for 2 h. Incubate with primary antibodies 
β-actin (1:1,000), cyclin D1 (1:800), CDK4 (1:1,000), 
and CDK6 (1:800) at 4 ℃ overnight, and then 1:2,000 
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peroxidase-labeled was added. The secondary antibody 
was incubated for 2 h at room temperature, and after color 
development, it was placed in a gel imager (Beijing Hongtao 
Foundation Technology Development Co. LTD) to take 
pictures and perform image analysis.

Subcutaneous tumor formation experiment in nude mice

Female BALB/c nu/nu thymus-deficient nude mice were 
purchased from Shanghai Shrek Experimental Animal 
Center (Shanghai, China) (n=8, 4–6 weeks old, weighing 
approximately 18–20 g). They were kept in separate cages 
in SPF animal experiment centers, with four nude mice per 
group. The culture conditions in the animal room were as 
follows: alternating light (12 h) and dark (12 h); constant 
humidity and temperature; and follow-up experiments 
performed after observation and breeding for 1 week.

Animal experiments were performed under a project 
license (No. 201901293) granted by the ethics committee 
of the First Affiliated Hospital of Soochow University, in 
compliance with national or institutional guidelines for the 
care and use of animals.

Transfected cells with good growth status were collected. 
A single cell suspension was then made, and the cell 
density was adjusted to 1×107 cells/mL. Iodophor was 
used to disinfect the naked back, and then a disposable 
sterile syringe was used to draw 100 μL of cell suspension 
and inject it into the back of the nude mouse. The mice 
were reared under normal conditions for 30 days, and the 

tumor formation, feeding, drinking, and activity status 
were observed daily. At the same time, the nude mice were 
weighed and measured. At the end of the experiment, 
the mice were killed by cervical dislocation, and the 
transplanted tumor was stripped and fixed.

Statistical analysis

SPSS20.0 statistical software was used for data analysis. The 
data were expressed as mean ± standard deviation (SD). 
The t test or analysis of variance (ANOVA) were used for 
comparison between the groups, and P<0.05 was considered 
statistically significant.

Results

LncRNA ARAP1-AS1 is highly expressed in lung cancer 
tissues and cell lines

First, our analysis of lung cancer-related data in The Cancer 
Genome Atlas (TCGA) database found adenocarcinoma 
(483 cases and 347 cases adjacent to cancer) and squamous 
cell carcinoma (486 cases and 338 cases adjacent to cancer). 
The analysis results showed the following: LncRNA ArAP1-
AS1 is highly expressed in adenocarcinoma cells, but has no 
significant change in squamous cell carcinoma (Figure 1A). 
Furthermore, qRT-PCR was used to detect the expression 
of lncRNA ARAP1-AS1 in cancerous and precancerous 
tissues. The results of fluorescence quantitative detection 

Figure 1 LncRNA ARAP1-AS1 is highly expressed in lung cancer tissues and cell lines. (A) TCGA database lncRNA ARAP1-AS1 
transcription analysis, adenocarcinoma (LUAD): 483 cases of cancerous tissue and 347 cases of adjacent cancer; squamous cell carcinoma 
(LUSC): 486 cases of cancerous tissues and 338 cases adjacent to cancer. (B) Fluorescence quantitative PCR detection of lncRNA ARAP1-
AS1 expression levels in 15 cases of lung cancer tissues and corresponding adjacent tissues. (C) Fluorescence quantitative PCR detection of 
lncRNA ARAP1-AS1 expression in different cell lines. *, P<0.05.

A B C

Th
e 

ex
pr

es
si

n 
of

 A
R

A
P

1-
A

S
1 

le
ve

ls

Th
e 

ex
pr

es
si

n 
of

 A
R

A
P

1-
A

S
1 

le
ve

ls

Th
e 

ex
pr

es
si

n 
of

 A
R

A
P

1-
A

S
1 

le
ve

ls

LUAD
(num (T)=483; num (N)=347)

LUSC
(num (T)=486; num (N)=338)

Can
ce

r

Nor
m

al

BEAS-2
B

PC-9

*

*

* *

A54
9

H22
6

H19
75

H12
99

P<0.01

8

6

4

2

0

20

15

10

5

0

6

5

4

3

2

1

0



7330 Tao et al. lnRNA ARAP1-AS1 can inhibit the proliferation of lung cancer 

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(12):7326-7336 | http://dx.doi.org/10.21037/jtd-20-3378

showed that the expression level of ARAP1-AS1 in cancer 
tissues was significantly higher compared with precancerous 
tissue (P<0.01) (Figure 1B).

Therefore, in order to further study the specific biological 
function of lncRNA ARAP1-AS1 in lung cancer, we 
planned to use lung cancer cell lines. QRT-PCR was used 
to detect lncRNA ARAP1-AS1 in five lung cancer cell lines  
(PC-9, A549, H226, H1975, H1299) and a normal human 
lung epithelial cell (BEAS-2B). The results showed that 
the expression levels of lncRNA ARAP1-AS1 in various 
lung cancer cell lines differed substantially, with the highest 
expression levels in H1975 and H1299 cells, followed by 
A549 cells, H266 cells, and PC-9 cells. BEAS-2B cells 
exhibited the lowest expression (Figure 1C). Thus, we 
selected H1975 cells and H1299 cells with high expression of 
lncRNA ARAP1-AS1 for subsequent cell function research.

The effect of knocking down lncRNA ARAP1-AS1 on the 
proliferation of lung cancer cells

To further explore the specific biological functions of 
lncRNA ARAP1-AS1 in lung cancer cells, we constructed 
two lncRNA ARAP1-AS1 lentiviral interference vectors 
(shRNA-1 and shRNA-2) and a shRNA-control (shRNA-
NC). H1975 and H1299 cells were stained. The results of 
qRT-PCR showed that the transfection of shRNA-1 and 
shRNA-2 interfering viruses that knock down lncRNA 
ARAP1-AS1 can significantly reduce the expression level of 
lncRNA ARAP1-AS1 in H1975 and H1299 cells compared 
with shRNA-NC (Figure 2A). 

In order to further examine the effect of lncRNA 
ARAP1-AS1 knockdown on the proliferation of lung cancer 
cells (H1975 and H1299), CCK-8 was used to test cell 
viability. The results showed that shRNA-1 and shRNA-2 
had a positive effect in 24 h compared with shRNA-group 
cells, and the proliferation of H1975 and H1299 cells was 
not significantly affected. As the culture time was extended 
to 48 h, shRNA-1 and shRNA-2 began to significantly 
inhibit the proliferation ability of the cells, which was 
particularly significant at 72 h (Figure 2B). The results of 
the clone formation experiment showed that transfection 
of lncRNA ARAP1-AS1 shRNA-1 and shRNA-2 could 
significantly inhibit the number of H1975 cells and H1299 
clone formation compared with the shRNA-NC group 
(Figure 2C). This indicates that the knocking down of 
lncRNA ARAP1-AS1 can significantly inhibit the cloning 
ability of H1975 and H1299 lung cancer cells.

Knockdown of lncRNA ARAP1-AS1 can promote lung 
cancer G0/G1 cell cycle arrest 

The clone formation experiment demonstrated that 
knocking down of lncRNA ARAP1-AS1 can inhibit the 
proliferation of lung cancer cells on the cloning plate. To 
further test whether knocking down of lncRNA ARAP1-
AS1 affects the cell cycle, flow cytometry was used to detect 
the cell cycle. The analysis results show that, compared with 
the shRNA-NC group, transfection of lncRNA ARAP1-
AS1 shRNA-1 and shRNA-2 can significantly promote 
H1975 and H1299 cells to arrest in the G0/G1 phase. The 
corresponding G2/M phase ratio was significant, while 
the ratio of S-phase cells decreased. This indicates that 
knocking down of lncRNA ARAP1-AS1 can significantly 
inhibit H1975 and H1299 lung cancer cell cycle arrest in 
the G0/G1 phase (Figure 3).

Knockdown of lncRNA ARAP1-AS1 can significantly 
inhibit the expression of cycle-related proteins

Based on the above results, it is clear that knocking down 
of lncRNA ARAP1-AS1 can significantly inhibit lung 
cancer cell cycle arrest in the G0/G1 phase. Therefore, 
western blotting was used to detect the expression of cycle-
related proteins and the expression of related regulatory 
proteins in the G0/G1 phase. The results show that in 
H1975 cells, knocking down of lncRNA ARAP1-AS1 can 
significantly inhibit the expression of the cell cycle-related 
protein, cyclin D1, compared with the blank control group. 
Meanwhile, it has no significant effect on the expression of 
other proteins, such as CDK4, and the expression of CDK6 
exhibited only a slight decrease, however the difference was 
not statistically significant (Figure 4).

The effect of knocking down of lncRNA ARAP1-AS1 on 
the growth of lung cancer cells in nude mice

The above experiment demonstrated at the cellular level 
that knockdown of lncRNA ARAP1-AS1 can inhibit the 
proliferation of lung cancer cells. In order to further 
examine the effect of knockdown of lncRNA ARAP1-AS1 
on the growth of lung cancer cells in nude mice, we used a 
stable knockdown lentiviral vector (shRNA-2) to interfere 
with H1975 cells. After adding screening drugs, we obtained 
a stable knockdown cell line and inoculated it under the skin 
of male BALB/c nu/nu thymus-deficient nude mice (each 
group n=4). Each nude mouse was inoculated with viable 
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Figure 2 The effect of lncRNA ARAP1-AS1 knockdown on the proliferation of lung cancer cells. (A) qRT-PCR detected the knockdown 
efficiency in lung cancer cells after transfection of shRNA-1, shRNA-2, and shRNA-NC; (B) CCK-8 detected the knockdown of lncRNA, 
and the effect of effect of ARAP1-AS1 on the proliferation ability of H1975 and H1299 lung cancer cells; (C) the clone formation 
experiment detected the clone formation ability of H1975 and H1299 lung cancer cells after the knocking down of lncRNA ARAP1-
AS1 gene. Colonies were stained for 5 min with 0.5% crystal violet, then colonies were photographed with NIKON camera. *, P<0.05;  
**, P<0.01.
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Figure 3 Flow cytometry detection of the effects of knockdown of lncRNA ARAP1-AS1 on H1975 and H1299 lung cancer cell cycles.  
*, P<0.05; **, P<0.01.

Figure 4 Western blot detection of the effect of knockdown of lncRNA ARAP1-AS1 on lung cancer H1299 cell cycle-related proteins.  
*, P<0.05; **, P<0.01.
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cells: 1×106 cells; four nude mice in each group; measured 
with vernier calipers every 3 days. The tumor-bearing 
mice were weighed, and the long neck and short neck of 
the transplanted tumor were measured. The volume of the 
transplanted tumor mass was calculated according to the 
following formula: V=(a × b × b)/2; where V is the volume 
of the transplanted tumor mass, a is the long diameter, and 
b is the short diameter (Figure 5A). Knockdown of lncRNA 
ARAP1-AS1 can significantly inhibit the growth of H1975 
cells in nude mice. 

After the nude mice were sacrificed, the tumor-bearing 
tissues were separated for measurement and photographs. 
The calculations based on the above formula showed that 
the tumor volume formed in vivo by H1975 cells in the blank 
control group (shRNA-NC) was 598.5±123.4 mm3, and 
after knockdown of LncRNA ARAP1, the volume of H1975 
cells in the AS1 group was 269.1±113 mm3 (Figure 5B).  
Following statistical analysis and comparison of the data, it 
was found that the volume of H1975 cells in the lncRNA 

ARAP1-AS1 knockdown group was significantly lower than 
that of the blank control group, and the difference between 
the two was statistically significant (P<0.01). 

Also, the immunohistochemistry results demonstrated 
that Ki-67 staining was darker in the nucleus of shRNA-
NC group, while nucleus staining was lighter in the 
shRNA-2 group, indicating reduced expression of Ki-67 
and slower cell proliferation. After statistical analysis of the 
positive cells, it was observed that the Ki-67 positive rate 
of tumor tissues in the shRNA-2 group was significantly 
lower than the shRNA-NC group (Figure 5C). This 
signifies that knocking down of lncRNA ARAP1-AS1 can 
significantly inhibit the proliferation of lung cancer cell in 
nude mice.

Discussion

Studies have shown that there are a large number of 
abnormally expressed lncRNAs in lung cancer tissues. 

Figure 5 The effect of knocking down of lncRNA ARAP1-AS1 on the growth of lung cancer cells (H1975) in nude mice. (A) Observations 
and measurements of the tumor-bearing tissue in nude mice; (B) analysis of the volume of tumor-bearing tissue in nude mice 30 days after 
inoculation; (C) HE stain detection of the expression of the proliferation molecule Ki-67 in tumor-bearing tumor tissues. Scale =100 μm;  
**, P<0.01.
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These lncRNAs can either promote or inhibit the 
occurrence and development of lung cancer, and are 
expected to become biomarkers for the early diagnosis 
or treatment of lung cancer (15,16,21). Some genes 
can also perform physiological functions by regulating 
lncRNA. For example, Caveolin 1 (CAV1) can regulate the 
proliferation, migration, and invasion of lung cancer cells 
by regulating the expression of HOX transcript antisense 
RNA (HOTAIR), and the down-regulation of HOTAIR 
expression partially reverses the increase in cell survival 
and invasion ability induced by CAV1 (22). LncRNA not 
only participates in the regulation of tumorigenesis, but 
also regulates drug resistance-related processes. Silencing 
lncRNAs can effectively promote the cytotoxicity induced 
by gefitinib. H19 encapsulated in exosomes can be 
transferred to non-resistant cells, thereby inducing gefitinib 
resistance (23). In the present study, it was observed that 
lncRNA ARAP1-AS1 is highly expressed in lung cancer 
tissues and cell lines. Knockdown of lncRNA ARAP1-
AS1 in high-expressing cell lines can significantly inhibit 
lung cancer cell proliferation and clone formation. Further 
research found that knocking down of lncRNA ARAP1-
AS1 can also cause G0/G1 cell cycle arrest by inhibiting the 
expression of cyclin D1.

As is known, lncRNA does not possess the ability to 
transcribe and translate into functional proteins in cells, 
but it can regulate gene expression in a variety of ways (24).  
In recent years, lncRNA ARAP1-AS1 has been newly 
identified as a regulatory molecule, and is currently found 
to be highly expressed in colon, gastric, and cervical 
cancers, as well as being involved in the occurrence and 
development of tumors (18,20,25). LncRNA ARAP1-AS1 
is highly expressed in colorectal cancer tissues and cell 
lines. Knockdown of lncRNA ARAP1-AS1 can significantly 
inhibit cell migration, invasion, and epithelial-mesenchymal 
transition (18). Moreover, lncRNA ARAP1-AS1 is also 
highly expressed in breast invasive carcinoma tissues, and 
the expression of lncRNA ARAP1-AS1 is significantly up-
regulated in breast cancer cell lines. The down-regulation 
of lncRNA ARAP1-AS1 expression leads to inhibition of 
breast cancer cell proliferation, enhanced apoptosis, and 
blocked migration (19). In the present study, it was found 
that lncRNA ARAP1-AS1 was significantly up-regulated in 
lung cancer tissues and cells, and knocking down of lncRNA 
ARAP1-AS1 can significantly inhibit cell proliferation 
and clonal formation. Upon further study, it was observed 
that knocking down of lncRNA ARAP1-AS1 can also 
significantly promote G0/G1 cell cycle arrest.

Cell cycle arrest is a leading cause of slow cell growth, 
and the cell cycle is regulated by a variety of cycle control 
proteins (26). In order to assess the effect of knockdown of 
lncRNA ARAP1-AS1 on related cyclins, Western blotting 
was performed. The results showed that knockdown 
of lncRNA ARAP1-AS1 can significantly inhibit the 
expression of cyclin D1, but has no significant effect 
on the expression of CDK4 or CDK6. However, the 
mechanism through which lncRNA ARAP1-AS1 regulates 
the expression of cyclin D1 requires further research and 
exploration. Previous studies have shown that lncRNA 
ARAP1-AS1 is enriched in the cytoplasm of bladder cancer 
cells, suggesting that lncRNA ARAP1-AS1 may be used 
as a competing endogenous RNA (ceRNA) to regulate 
gene expression and biological processes. Further studies 
have reported that lncRNA ARAP1-AS1 acts as ceRNA 
to regulate microRNA (miR)-4735-3p/TCH2 (17). In 
breast cancer cells, lncRNA ARAP1-AS1 can sponge miR-
2110 through the ceRNA mechanism to promote the 
expression of histone deacetylase 2 (HDAC2) in breast 
cancer (19). Another study has shown that knocking down 
of lncRNA ARAP1-AS1 inhibits the growth and spread of 
cervical cancer cells. Moreover, overexpression of lncRNA 
ARAP1-AS1 promotes the growth and spread of cervical 
cancer cells. Studies have shown lncRNA ARAP1-AS1 
can directly interact with PSF (PTB associated splicing 
factor) to release Polypyrimidine tract-binding protein 
(PTB) and accelerate the internal ribosome entry site 
(IRES)-driven proto-oncogene c-Myc, thereby facilitating 
cervical cancer development and progression. In addition, 
c-Myc can transcriptionally activate lncRNA ARAP1-
AS1 by directly binding to the E-box motif located on the 
promoter of lncRNA ARAP1-AS1 (20). Therefore, we infer 
that lncRNA ARAP1-AS1 may regulate the expression of 
downstream target genes through intermediate miRNA 
or other gene proteins in lung cancer tissues. In the next 
experiment, we will further reveal the specific molecular 
regulation mechanism of lncRNA ARAP1-AS1 in lung 
cancer and confirm its regulation of target genes.
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