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Introduction: NSCLC (non-small cell lung cancer), the most common type of human 
cancer, is a main cause of cancer-associated mortality. Accumulating evidence has confirmed 
that long non-coding RNAs serve crucial roles in NSCLC development.
Methods: The PCAT18 expression in NSCLC tissues and cell lines were evaluated by 
reverse transcription-quantitative PCR. Cell Counting Kit-8 assays, colony formation study, 
wound healing assays and transwell invasion assays, and tumor xenograft experiments were 
performed to investigate the biological functions of PCAT18 in NSCLC. Luciferase reporter, 
RNA-binding protein immunoprecipitation (RIP) and RNA pull-down assays were further 
used to explore the association between PCAT18 and miR-4319.
Results: PCAT18 expression was up-regulated in NSCLC tissues and cell lines. 
Furthermore, PCAT18 silencing inhibited NSCLC cell proliferation, migration and invasion, 
while co-transfection with a miR-4319 inhibitor reversed these biological effects, and miR- 
4319 inhibited NSCLC growth in vivo. Additionally, PCAT18 silencing promoted NSCLC 
cell apoptosis and induced G1 stage arrest. Moreover, luciferase reporter assays illustrated 
that PCAT18 regulated miR-4319 directly, and a RIP assay and RNA pull-down analysis 
further demonstrated that miR-4319 inhibited PCAT18 in a RNA-induced silencing complex- 
dependent manner. Finally, PCAT18 silencing impaired the growth of NSCLC in vivo.
Conclusion: In conclusion, these findings demonstrated that PCAT18 promoted NSCLC 
development by sponging miR-4319. PCAT18 may serve as a crucial biomarker for the 
diagnosis and targeted therapy of NSCLC.
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Introduction
Lung cancer has been recognized as the most common type of human cancer, also 
the predominant reason of cancer-related mortality worldwide.1 Statistical analysis 
has demonstrated that NSCLC accounts for ~80% of all lung cancer cases, which 
include squamous cell carcinoma, adenosquamous cell carcinoma, adenocarcinoma 
and large cell carcinoma.2,3 Although great progression has been made in the 
clinical diagnosis and therapies, such as chemotherapy, surgical resection, radio-
therapy, molecular targeted therapy and immunotherapy, patients with NSCLC still 
face an extremely poor prognosis.4 Therefore, elucidation of the molecular mechan-
ism and identification of new potential therapeutic targets for NSCLC is imperative 
to improve the rather dismal prognosis of NSCLC patients.

Long non-coding RNAs (lncRNAs) are defined as transcripts with a length of 
>200 nucleotides.5,6 Emerging researches have suggested that lncRNAs serve 
crucial functions in the initiation and development of human cancer.7,8 Numerous 
studies have demonstrated that lncRNAs were involved in NSCLC progression.9,10
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LncRNA PCAT18 was a recently identified lncRNA. It 
was reported that PCAT18 inhibited gastric cancer 
progression.11,12 Nevertheless, Yang et al reported the 
oncogenic role of PCAT18 in colorectal cancer.13 

Obviously, the biological effects and underlying mechan-
ism of PCAT18 in the development of main human can-
cers, including NSCLC, remain elusive.

The present study assessed the expression of PCAT18 in 
NSCLC tissues and paired adjacent normal lung tissues. 
Furthermore, the biological functions of PCAT18 in 
NSCLC were assessed in vitro and in vivo. Moreover, the 
current study also examined the association between 
PCAT18 and miR-4319 to reveal the molecular mechanism 
of PCAT18 in NSCLC development. To the best of our 
knowledge, this study was the first to reveal that PCAT18 
exerts oncogenic roles in the progression of NSCLC.

Materials and Methods
Clinical Samples
Totally, 30 NSCLC tissues and paired adjacent normal lung 
tissues were obtained from NSCLC patients (age, 43–72 
years; male patients, 17; female patients, 13) undergoing 
surgical resection at the People’s Hospital of Xinyu city 
(Xinyg, China) from May 2015 to September 2018. All 
included patients did not receive chemotherapy or radiation 
before collection of the specimens. All participants signed 
informed consent forms prior to sample collection. The 
samples collected during operation were rapidly frozen in 
liquid nitrogen until further use. This study was approved by 
the Ethic and Research Committees of the People’s Hospital 
of Xinyu city (Xinyu, China). This study was conducted in 
accordance with the Declaration of Helsinki.

Cell Culture
The normal lung HBE cell line and human NSCLC H460, 
H520, A549 and H1299 cell lines were purchased from the 
Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences. The cells were cultured in DMEM 

supplemented with 10% fetal calf serum, 50 U/mL peni-
cillin (Biowest) and 0.1 mg/mL streptomycin (Biowest). 
All cell cultures were maintained at 37°C in a humidified 
incubator with 5% CO2.

Constructs, Synthesized Oligos and 
Transfection
The short hairpin RNA (shRNA/sh) targeting PCAT18 (sh- 
PCAT18), miR-4319 mimics, inhibitors and their corre-
sponding negative controls (NCs) were purchased from 
Shanghai GeneChem Co., Ltd. All DNAs were inserted 
into pcDNA3.1. Finally, Lipofectamine 3000 was utilized 
to transfer the oligonucleotides and constructs into the A549 
and H1299 cells. The concentration of each miRNA trans-
fected was 50 nM per well. At 36–48 h after transfection, the 
cells were used for subsequent experiments.

RNA Extraction and RT-qPCR
The total RNA was obtained from tissues and cells adopting 
TRIzol reagent. A total of 2 µg RNA was reverse transcribed 
into cDNA adopting the PrimeScript RT reagent kit. RT- 
qPCR was conducted using SYBR Green Master Mix on an 
ABI PRISM 7500 PCR system. GAPDH and U6 were used 
as controls and for the normalization of the expression levels 
of mRNA and miRNA, respectively. The primer sequences 
of RNAs are shown in Table 1.

Cell Proliferation Assay
Cell Counting Kit-8 (CCK-8) and colony formation 
assays were performed to evaluate the proliferation 
ability. For the CCK-8 assay, cells were seeded in 96- 
well plates (3000 cells/well), then 10 μL CCK-8 solu-
tion was added after 24, 48, 72 and 96 h of culture. 
After 2 h, the plates were washed using PBS and 
finally the absorbance at 450 nm was measured using 
a microplate reader. For colony formation analysis, 
1000 cells were seeded into a 6-well plate and con-
tinuously incubated for 12 days. The colonies were 

Table 1 Primer List

Gene Forward Primer Reverse Primer

PCAT18 AGGAGACAGGCCCCAGATTT TGAAGTGCTGGGACAACGTA

MiR-4319 CACCCAGAGCAAAGCCAC GTGCAGGGTCCGAGGT

GAPDH CTGGGCTACACTGAGCACC AAGTGGTCGTTGAGGGCAATG

U6 CTCGCTTCGGCAGCACA AACGCTTVACGAATTTGCGT
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fixed using 4% paraformaldehyde and stained with 1% 
crystal violet. Finally, the colonies were counted and 
imaged.

Wound Healing Assay
A sterile pipette tip (p200) was adopted to make a linear 
wound when the cells had grown to nearly 100% conflu-
ence. Subsequently, the cells were washed 3 times using 
PBS and then cultured with DMEM without serum at 37°C 
for 24 h. Finally the images were obtained at 0 and 24 
h after scratching using an inverted microscope (magnifi-
cation, x200; Nikon Corporation).

Transwell Invasion Assay
The transwell invasion assays were conducted to deter-
mine the cell invasion potential using transwell plates 
coated with 50 µL Matrigel (BD Biosciences). Briefly, 
1×105 cells were suspended in 300 μL serum-free medium 
and added to the upper chamber, while 800 μL complete 
medium was placed in the lower chamber. 24 h later, cells 
on the upper surface of the membrane were scraped off, 
while the cells on the lower side of the chamber were fixed 
and stained. The invaded cells were counted in more than 
5 fields under a light microscope.

Luciferase Reporter Assay
Mut (mutant-type) or wt (wild-type) fragments of PCAT18 
containing the miR-4319 targeting site were synthesized 
and cloned into a dual-luciferase reporter vector 
(pmirGLO; Shanghai GenePharma Co., Ltd.). Similarly, 
luciferase vectors and miR-4319 mimics or miR-4319 NC 
and Renilla plasmid were co-transfected into A549 cells 
using Lipofectamine 3000. 48 hours after transfection, 
a dual-luciferase assay was used to examine the Renilla 
and firefly luciferase activity according to the manufac-
turer’s protocol, and the levels of firefly luciferase activity 
were normalized to that of Renilla luciferase activity.

RNA-Binding Protein 
Immunoprecipitation (RIP) Assay
A Magna RIP RNA-Binding Protein Immunoprecipitation 
Kit (EMD Millipore) was adopted for the RIP assay. Cells 
were harvested and lysed. Lysis buffer containing mag-
netic beads was incubated with human Ago2 (anti- 
argonaute RISC catalytic component 2) antibody (cat. no. 
ab32381; 1:1000; Abcam) to conjugate the antibody to the 
magnetic beads. Subsequently, proteinase K was added to 

digest the protein, and the immunoprecipitated RNAs were 
isolated using TRIzol reagent and measured.

RNA Pull-Down Assay
A549 cells were transfected with biotin-labeled miR-4319 
mimic or NC. After 24 h, cells were collected and cultured 
with M-280 streptavidin magnetic beads (Invitrogen; 
Thermo Fisher Scientific, Inc.) at 4°C for 4 h with rotation. 
Subsequently, the beads were washed using lysis buffer 
containing proteinase K and 10% SDS, then the super-
natants were obtained and the RNA was isolated and 
coprecipitated RNA was detected using RT-qPCR assays.

Tumor Xenograft Experiment
Ten female BALB/c nude mice (6–8 weeks old, 18–22 g) 
were bought from the Animal Center of of Nanchang 
University. H1299 cells (2x106) that were stably transfected 
with lv-sh-PCAT18 or lv-sh-NC were injected subcuta-
neously into the left flank of the mice (n=5 mice per 
group). Tumor sizes were measured every week. After 4 
weeks, the mice were anesthetized and the tumor tissues 
were collected and weighed, and RT-qPCR was conducted 
to examine the expression of PCAT18 and miR-4319. This 
study was approved by the Ethic and Research Committees 
of the People’s Hospital of Xinyu city (Xinyg, China). The 
guidelines for the welfare of experimental animals are GB/T 
35892–2018 standard issued by the General Administration 
of Quality Supervision, Inspection and Quarantine of the 
People’s Republic of China.

Statistical Analysis
The experiments were repeated at least three times. All 
results are presented as the mean ± SD. All statistical 
analyses were conducted using GraphPad Prism software. 
One-way ANOVA with Bonferroni post hoc test or two- 
tailed Student’s t-test were used for the comparisons 
among groups. In addition, Pearson’s coefficient correla-
tion analysis was performed for expression correlation 
analysis. P<0.05 was recognized to indicate a statistically 
significant difference.

Results
PCAT18 Expression is Elevated in 
NSCLC
RT-qPCR was conducted to assess the relative expression 
levels of PCAT18 in 30 pairs of NSCLC and adjacent 
normal tissues. PCAT18 expression was markedly 
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increased in NSCLC tissues compared with in paired nor-
mal tissues (Figure 1A). Moreover, the expression levels 
of PCAT18 in four NSCLC cell lines and in the normal 
human lung HBE cell line were examined. The results 
indicated that the NSCLC cell lines exhibited markedly 
higher expression levels of PCAT18 compared with the 
normal lung HBE cell line (Figure 1B).

PCAT18 Silencing Suppresses NSCLC 
Cell Proliferation, Migration and Invasion
In order to further explore the function of PCAT18 in 
NSCLC, sh-PCAT18 was transfected into A549 and 
H1299 cells, and RT-qPCR was conducted to confirm the 
transfection efficiency (Figure 2A). Next, CCK-8 assays and 
colony formation assays were conducted to explore the 
effects of PCAT18 on NSCLC cell proliferation, migration 
and invasion. The results suggested that the proliferation of 
the A549 and H1299 cells in the sh-PCAT18 group was 
markedly impaired compared with that of cells in the NC 
group (Figure 2B and C). Moreover, knockdown of PCAT18 
increased apoptosis (Figure 2D) and induced cell cycle arrest 
in the G1 phase (Figure 2E) of A540 and H1299 cells. 
Consistently, the results of wound healing and transwell 
invasion assays suggested that sh-PCAT18 markedly sup-
pressed NSCLC cell migration and invasion (Figure 3A and 
B). Overall, PCAT18 silencing impaired NSCLC cell pro-
liferation, migration and invasion in vitro.

Reciprocal Modulation Between PCAT18 
and miR-4319)
To investigate the potential mechanism of PCAT18 in the 
development of NSCLC, we determined the subcellular 
localization of PCAT18. The results showed that PCAT18 
was mostly distributed in the cytoplasm (Figure 4A), 
which suggested that PCAT18 might exert its biological 
function by sponging miRNA. miRcode (http://www.mir 
code.org) was used to conduct bioinformatics analysis, 
and the results indicated that miR-4319 was a potential 
target of PCAT18. To confirm this hypothesis, the corre-
lation between PCAT18 and miR-4319 was explored. The 
present results demonstrated that miR-4319 expression 
was markedly increased following knockdown of 
PCAT18 (Figure 4B). Furthermore, PCAT18 expression 
was markedly decreased when the cells were transfected 
with miR-4319 mimic (Figure 4C), while the expression 
levels of PCAT18 were markedly increased when the 
cells were transfected with miR-4319 inhibitor (Figure 
4D). In addition, miR-4319 expression was determined in 
NSCLC tissues, and the results indicated that miR-4319 
expression was down-regulated in NSCLC tissues 
(Figure 4E). Notably, miR-43199 expression was nega-
tively correlated with PCAT18 expression (Figure 4F). 
Additionally, NSCLC cell lines exhibited markedly lower 
expression levels of miR-4319 compared with the normal 
lung HBE cell line (Figure 4G).

Figure 1 PCAT18 expression was up-regulated in NSCLC tissues and cell lines. (A) Expression of PCAT18 in 30 NSCLC tissues and paired normal lung tissues based on RT- 
qPCR. (B) Expression of PCAT18 in the HBE cells and NSCLC cell lines based on RT-qPCR. **p < 0.01.
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Figure 2 Continued.
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Figure 2 PCAT18 silence inhibited proliferation of NSCLC cells. (A) Relative expression of PCAT18 in A549 and H1299 cells of different groups. (B) CCK8 assays were 
performed to determine cell proliferation. (C) Colony formation assay was conducted to determine cell proliferation. (D) Apoptosis status of different groups cells was 
assessed by flow cytometry. (E) Cell cycle was examined by flow cytometry. **p < 0.01.
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miR-4319 is a Direct Target of PCAT18
A dual-luciferase reporter assay was conducted to further 
assess whether miR-4319 was a direct target of PCAT18. 
The data of the luciferase assay revealed that miR-4319 
mimic markedly decreased luciferase reporter expression in 
the cells transfected with PCAT18-wt but not in the cells 
transfected with PCAT18-mut or NC (Figure 5A and B). It is 
widely acknowledged that miRNAs function by regulating 
RNA-induced silencing complex (RISC).14 Ago2, a key 
component of RISC, exerts crucial roles in RNA cleavage. 
Therefore, a RIP assay was conducted to determine whether 
miR-4319 regulated PCAT18 via RISC formation. As the 
results demonstrated, compared with NC (IgG), PCAT18 and 
miR-4319 were preferentially enriched in anti-Ago2 anti-
body-incubated beads (Figure 5C). To further investigate 

whether PCAT18 and miR-4319 bind to each other, RNA 
pull-down assay was also performed. The present results 
demonstrated that compared with NC, the biotin-labeled 
miR-4319 mimic pulled down more PCAT18 (Figure 5D). 
Collectively, these data revealed that PCAT18 bound to miR- 
4319 directly.

Biological Function of PCAT18 in NSCLC 
Cells is Dependent on miR-4319
Rescue experiments were performed to investigate 
whether PCAT18affected NSCLC cell proliferation, 
migration and invasion in a miR-4319-dependent manner. 
The colony formation assays demonstrated that PCAT18 
silencing-induced impairment of proliferation in NSCLC 
cells was partially abolished in the presence of miR-4319 

Figure 3 PCAT18 silence inhibited migration and invasion of NSCLC cells. (A) Wound healing assay was performed to determine cell migration. (B) Transwell assay was 
performed to determine cell invasion. **p < 0.01.
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Figure 4 The reciprocal repression effect of PCAT18 and miR-4319. (A) Subcellular fractionation assay was used to determine the subcellular localization of PCAT18. (B) 
Expression levels of miR-4319 in A549 and H1299 cells after the knockdown of PCAT18. (C) qPCR analysis of PCAT18 after cells were transfected with miR-4319 mimic. (D) qPCR 
analysis of PCAT18 after cells were transfected with miR-4319 inhibitor. (E) Expression of miR-4319 in 30 NSCLC tissues and paired normal lung tissues based on RT-qPCR. (F) The 
association between PCAT18 and miR-4319 was examined. (G) Expression of miR-4319 in the HBE cells and NSCLC cell lines based on RT-qPCR. **p < 0.01.
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Figure 5 PCAT18 and miR-4319 directly target each other. (A) Binding site of PCAT18 and miR-4319. (B) Relative luciferase activity in cells of different groups. (C) RIP 
assays were conducted to evaluate the amount of PCAT18 and miR-4319 bound to Ago2. (D) Mount of PCAT18 bound to biotin-labelled miR-4319 mimic or biotin-labelled 
NC. RNA pull-down assays were performed after 24 hrs of transfection. **p < 0.01.
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inhibitor (Figure 6A). Additionally, miR-4319 inhibitor 
reversed the PCAT18 silencing-induced inhibitory effect 
on migration and invasion in NSCLC cells (Figure 6B and 
C). Moreover, miR-4319 inhibited NSCLC growth in vivo 
(Figure 6D). All these results demonstrated that the onco-
genic function of PCAT18 in NSCLC involved negative 
regulation of miR-4319.

PCAT18 Silencing Suppresses NSCLC 
Tumor Growth in vivo
To further verify the in vitro results, a subcutaneous xeno-
graft tumor model was established by injecting stable sh- 
NC or sh-PCAT18 cells into nude mice. Consistent with 
the in vitro findings, the in vivo experiments indicated that 
the volume and weight of tumors in the sh- PCAT18 group 
were markedly reduced compared with those in the sh-NC 
group (Figure 7A–C). Furthermore, the expression levels 
of PCAT18 were decreased in the sh-PCAT18 group 
tumors, while miR-4319 expression was increased in the 
sh- PCAT18 group tumors compared with in the sh-NC 
group tumors (Figure 7D and E). Therefore, it was con-
cluded that PCAT18 silencing suppressed NSCLC tumor 
growth in vivo.

Discussion
In recent years, accumulating evidence has revealed fun-
damental roles of lncRNAs in the regulation of numerous 
physiological and pathological processes, such as cell dif-
ferentiation, proliferation and apoptosis, and the initiation 
and progression of human cancer.7,15,16 At present, it is 
widely acknowledged that numerous lncRNAs are 
involved the progression of NSCLC. For example, long 
noncoding RNA KCNMB2-AS1 increased ROCK1 
expression by Sponging microRNA-374a-3p to facilitate 
the progression of NSCLC.17 LncRNA F630028O10Rik, 
a novel tumour suppressor, inhibited lung cancer angio-
genesis by regulating miR-223-3p.18 MT1DP loaded by 
folate-modified liposomes sensitizes erastin-induced fer-
roptosis via regulating miR-365a-3p/NRF2 axis in 
NSCLC cells.19 However, the exact biological function 
and mechanism of the majority of lncRNAs in NSCLC 
remain unclear.

PCAT18 (prostate cancer-associated transcript 18) was 
first found that, in metastatic prostate cancer, PCAT18 
silencing inhibited cell migration and invasion.20 

Moreover, it was reported that PCAT18 was down- 
regulated in gastric cancer and inhibited gastric cancer 

progression through miR-107/PTEN/PI3K/AKT signaling 
pathway.11 Besides, Zhang et al reported that PCAT18 
suppressed gastric cancer cells proliferation, migration 
and invasion via miR-135b inhibition to increase 
CLDN11 expression.12 Nevertheless, Yang et al found 
that PCAT18 was highly expressed in colorectal cancer 
tissues and cells, and the expression of PCAT18 was 
positively associated with progression of colorectal cancer 
patients. Furthermore, PCAT18 promoted colorectal can-
cer cell proliferation, migration and invasion through bind-
ing miR-759 to promote the expression of SPRR.13 The 
biological roles and mechanism of PCAT18 in human 
cancers are largely unknown. The current study aimed to 
investigate the exact roles and potential mechanism of 
PCAT18 in NSCLC. First, it was observed that the 
PCAT18 expression was up-regulated in clinical NSCLC 
tissues and cell lines. Second, our study also evaluated the 
biological effects of PCAT18 silencing on NSCLC cell 
proliferation, migration and invasion in vitro, and tumor 
growth in vivo. The results of a series of experiments 
revealed that PCAT18 silencing inhibited cell prolifera-
tion, migration and invasion in vitro and tumor growth 
in vivo in NSCLC.

The competing endogenous RNA (ceRNA) theory, 
wherein miRNA is sequestered by lncRNA which serves as 
a molecular sponge, has attracted increasing attention.21,22 

For instance, lncRNA POU6F2-AS2 drives the development 
and drug resistance of colon cancer via the miR-377/BRD4 
axis.23 Long non-coding RNA Linc00485 promoted lung 
cancer development by regulating miR-298/c-Myc axis.24 

LncRNA SNHG15 modulated EGFR-TKI acquired resis-
tance in lung adenocarcinoma by sponging miR-451 to up- 
regulate MDR-1 expression.25 Therefore, it was predicted 
that miR-4319 may be a direct target of PCAT18. In this 
study, PCAT18 was revealed to be a ceRNA by directly 
targeting miR-4319. Previous studies have demonstrated 
that miR-4319 involved the development of several types 
of human cancer. For instance, miR-4319 inhibited of epithe-
lial-mesenchymal transition and impaired stemness of HCC 
cells through targeting FOXQ1.26 KCNQ1OT1 accelerates 
gastric cancer progression via miR-4319/DRAM2 axis.27 

MiR-4319 inhibited esophageal squamous cell carcinoma 
proliferation through regulating NLRC5.28 The results of 
the RT-qPCR indicated the reciprocal inhibitory effect of 
PCAT18 and miR-4319. Furthermore, the effect of PCAT18 
silencing on NSCLC cell proliferation, migration and inva-
sion was reversed by miR-4319 inhibitor. The results of the 
luciferase assay showed that miR-4319 directly bound to 
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Figure 6 Oncogenic functions of PCAT18 in NSCLC cells were partially reversed by co-transfection with a miR-4319 inhibitor. (A) Colony formation assays to measure 
proliferation of NSCLC cells that were stably transfected with sh-PCAT18 and miR-4319 inhibitor or NC. (B) Wound healing assays to examine migration of NSCLC cells 
that were stably transfected with sh-PCAT18 and miR-4319 inhibitor or NC. (C) Transwell invasion assays to measure invasion of NSCLC cells that were stably transfected 
with sh-PCAT18 and miR-4319 inhibitor or NC. (D) miR-4319 impaired tumor growth of NSCLC in vivo. **p < 0.01.
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Figure 7 PCAT18 silence inhibited tumor growth in vivo. (A) The tumour volumes in the sh- PCAT18 and sh -NC groups were measured at 4 weeks after injection. (B) The 
tumor volumes of the mice were measured every week after the cell injection. (C) At 4 weeks later, the mice were killed, and the tumor tissues were excised and the weight 
of tumors was measured. (D) Expression levels of PCAT18 in tumors. (E) Expression levels of miR-4319 in tumors. **p < 0.01.
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PCAT18. Additionally, the data of RIP and RNA pull-down 
assays revealed that miR-4319 modulated PCAT18 in 
a RISC-dependent manner. Collectively, these data demon-
strated that PCAT18 acts as an endogenous sponge of miR- 
4319, and that PCAT18 and miR-4319 negatively regulate 
each other in NSCLC.
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