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Abstract
Introduction: Lung cancer is the malignant tumor with the fastest increase
in morbidity and mortality and the greatest threat to human health and life.
Long non-coding RNA (lncRNA) is emerging as an important regulator in many
cancers. Recently, it was found that lncRNA prostate cancer associated transcript 1 (PCAT-1) was up-regulated in lung cancer, playing oncogenic roles.
However, the underlying regulatory mechanism of PCAT-1 remains unknown.
Material and methods: The expression levels of PCAT-1 and miR-324-5p
were analyzed by real-time PCR, and RAP1A expression was determined by
western blotting. RNA pull-down, luciferase and western blotting assays
were used to examine the target relationship between PCAT-1 and miR-3245p or that between miR-324-5p and RAP1A. The functional effects of PCAT-1
and miR-324-5p were examined using cell viability and cell apoptosis assays.
Results: PCAT-1 overexpression remarkably promoted cell proliferation and
suppressed cell apoptosis. Mechanistic investigations demonstrated that
PCAT-1 can interact with miR-324-5p and repress its expression, thereby
increasing the expression of its target RAP1A. Additionally, rescue experiments revealed that PCAT-1 served as an oncogene partly through sponging
miR-324-5p and upregulating RAP1A in lung cancer cells.
Conclusions: Our findings demonstrate that on account of the dual function
of pro-proliferation and anti-apoptosis, PCAT-1/miR-324-5p/RAP1A may be
novel candidates for application in the diagnosis, prognosis and therapy of
lung cancer.
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Introduction
As one of the most common respiratory malignancies, lung cancer remains a leading cause of cancer-associated deaths [1]. Although the underlying molecular mechanism of lung cancer remains largely unknown,
it is generally considered that a combination of multiple abnormal gene
expression, such as oncogene activation and tumor suppressor gene inactivation, may lead to the occurrence and development of lung cancer [2]. However, existing findings are not sufficient to fully explain the
pathogenesis of lung cancer. With advances in molecular biology and
gene diagnosis, more and more evidence indicates that long noncoding
RNAs (lncRNAs) are important regulators for the expression of a large
number of genes and play an extensive role in human diseases, including
the pathological processes of tumorigenesis [3].
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Dysregulated lncRNA prostate cancer associated transcript 1 (PCAT-1) has been found to be
involved in the pathological processes of various
cancers. Initially identified from the RNA high
throughput sequencing of prostate tissue and
cells, PCAT-1 is upregulated in prostate cancer
and promotes the proliferation of prostate cancer
cells by regulating cMyc expression [4]. High expression of PCAT-1 is related to distal metastasis
and poor prognosis among colorectal cancer patients [5]. PCAT-1 can regulate the expression of
Cyclin-dependent kinase inhibitor 1A (CDKN1A),
a potent cyclin-dependent kinase inhibitor, and
promote proliferation and metastasis of gastric
cancer cells [6]. By regulating the Wnt/β-catenin pathway, PCAT-1 promotes the progression of
cholangiocarcinoma [7]. Additionally, the expression of PCAT-1 was overexpressed in liver cancer,
and patients with low expression of PCAT-1 have
better survival prognosis [8]. Based on the above
studies, PCAT-1 was found to be up-regulated in
a variety of cancers, including gastric cancer, liver
cancer and colorectal cancer, which played an oncogenic role. Recently, Zhao et al. [9] indicated that
PCAT-1 was overexpressed in non-small cell lung
cancer and could promote cell proliferation and
metastasis. However, the underlying mechanism
of PCAT-1 in lung cancer still remains unclear.
Increasing evidence indicates that as small
noncoding RNAs with a length of 18–22 nt, miRNAs play a vital function in cancer development
[10]. Previous studies reported that miR-181b
inhibited B-cell lymphoma-2 (Bcl-2) expression
and increased the susceptibility of small cell
lung cancer H446 cells to cisplatin [11]. Existing
findings suggested that some cancer associated
genes were regulated by miR-324-5p. Chen et al.
reported that miR-324-5p protects against colitis-associated tumorigenesis by modulating the
expression of CUE domain-containing protein-2
(CUEDC2), a ubiquitin-binding motif-containing
protein, which could modulate ER-α protein stability through the ubiquitin-proteasome pathway
[12]. Gu et al. found that miR-324-5p up-regulation inhibited the proliferation and invasion of
colorectal cancer cells by inhibiting the expression
of ELAV-like protein 1 (ELAVL1), whose function is
to stabilize mRNAs in order to regulate gene expression [13]. Additionally, other verified targets
of miR-324-5p included CUEDC2 in breast cancer,
specificity protein 1 (SP1) in cervical cancer, Skp1Cullin1-F-box β-transducin repeat-containing protein (SCFβ-TrCP) E3 ligase in multiple myeloma and
Tetraspanin 8 (TSPAN8) in gastric cancer [14–17].
In lung cancer, Lin et al. revealed that miR-324-5p
was significantly overexpressed [18]. However, the
precise role of miR-324-5p in lung cancer development is still largely unknown.

The small GTPase superfamily plays a crucial
role in many biological processes which including cell proliferation [19]. As a member of the Ras
tumor gene family, RAP1A (growth factor receptor-bound protein 2) was recently demonstrated
to play a role in ERK/MAP kinase signaling and
integrin activation and promote the development
of several cancers [20, 21]. Activation of RAP1A
increased cell migration and invasion and enhanced the rate and incidence of metastasis in
a xenograft mouse model of prostate cancer [22].
The findings of Sayyah et al. implicated a Rap1A/
β1 integrin pathway, activated downstream of
G-protein-coupled receptor stimulation and RhoA
in glioblastoma cell proliferation [23]. In addition,
it was reported that the altered microtubule dynamics resulting from reduced RAP1A expression
in lung cancer has an effect on abrogating normal
microtubule function, leading to cell death [24].
Whether the dysregulated expression of RAP1A in
lung cancer is related to miRNA regulation needs
further investigation.
In the present study, through miRDB analysis, it
was predicted that there are seed binding sites between PCAT-1 and the miR-324-5p mature sequence.
Additionally, as predicted by TargetScan software,
miR-324-5p may target RAP1A 3′-UTR. Therefore, we
speculate that PCAT-1 may play a role in lung cancer
by regulating the axis of miR-324-5p/RAP1A. The
function and regulatory mechanism of PCAT-1, miR324-5p and RAP1A in the cell proliferation process of
lung cancer were systematically studied, which may
contribute to the improvement of diagnosis, prevention and treatment of lung cancer.

Material and methods
Cell culture
A549 cells were cultured in the F12 medium
supplemented with 10% FBS (Thermo Fisher Scientific, Rockford, IL, USA), and were incubated in
a humidified atmosphere of 5% CO2 at 37°C. The
cells were purchased from the Institute of Cell Biology at the Chinese Academy of Sciences (Shanghai, P. R. China).

Plasmid constructs
The sequence of lncRNA PCAT-1 was amplified
using PCR with a human genomic DNA from A549
cells as the template. One Step Cloning Kit ClonExpress II (Vazyme Biotech, Nanjing, P. R. China) was
used. The corresponding reverse primer for the
lncRNA PCAT-1 was 5′-CGGGTCGACTCTAGAGGTACCTAGGCTCAAACACACATTTATTCATC-3′, and the
forward primer was 5′-CGAGAATTCACGCGTGGTACCACACATGGATATTGGATATCTGCATA-3′. The sequence of lncRNA PCAT-1 was then inserted into
the KpnI site of the PCI mammalian expression
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plasmids (Thermo Fisher Scientific) and verified
using sequencing. Two effective sequences of
shRNAs (Sangon Biotech) for PCAT-1 were proven
and inserted into a shRNA eukaryotic expressing
vector. One sequence is 5′-TTGAGTACAAAGAGCTACCTATGGTTCAAGAGAGGTATCCATCGAGAAACATGAGTTTTTTTT-3′, and the other sequence is 5′CTTCCCATGTGCCTCTAAGTGTTCAAGAGAGTGAATCTCCGTGTACCCTTCTTTTTT-3′. Additionally, the
p-MIR-reporter plasmid (Promega, Madison, WI,
USA) containing the 3′-UTR of RAP1A was constructed according to the above methods. The corresponding reverse primer for RAP1A 3’-UTR was
5′-TAGGTTTAAACAGTTAAGCTTACTGTTTAAAATGGGAAGGTTTATTAAG-3′, and the forward primer was
5′-AAAAGATCCTTTATTAAGCTTGTGAATCTCCGTGTACCCTTCG-3′. The binding-site mutant luciferase plasmid (binding site: GGAUGC replaced by
CCTACG) was also transfected as a control.

Cell transfection
A549 cells were transfected with PCAT-1 expressing plasmid (PCAT-1), PCAT-1 shRNA expressing plasmid (PCAT-1 sh1, PCAT-1 sh1), miR-324-5pmimics or their corresponding controls (Control,
NC sh or NC mimic) using Lipofectamine 2000
transfection reagent (Thermo Fisher Scientific).
Different kinds of cells were collected for qRT-PCR
and luciferase reporter analysis 24 h after transfection, cell apoptosis and western blotting assays
48 h after transfection or cell viability assay 0, 24,
48, 72, 96 h after transfection.

Cell viability assay
A549 cells were respectively transfected with
PCAT-1 expressing plasmid, control plasmid or
PCAT-1 expressing plasmid and miR-324-5p. The
cells were then seeded onto 96-well plates at
a density of 6 × 103 cells per well. After 0, 24, 48,
72, and 96 h, the number of viable cells was detected using WST-8 staining with Cell Counting
Kit-8 (CCK-8, Dojindo, Tokyo, Japan).

Cell apoptosis assays
A549 cells were transfected with PCAT-1 expressing plasmid (PCAT-1), PCAT-1 shRNA expressing plasmid (PCAT-1 sh1, PCAT-1 sh2), PCAT-1
expressing plasmid and miR-324-5p mimics
(PCAT-1 + miR-324-5p) or their corresponding
controls (Control or NC sh). Forty-eight hours after transfection, the cells were washed with PBS,
fixed with 70% ethanol, incubated with RNase
A (Takara, Shiga, Japan) for 30 min at 37°C, and
incubated with propidium iodide (PI) and Annexin V (Sigma-Aldrich) for 10 min. After that, the
cells were subjected to a DNA content test using
a FACSCalibur system (BD Biosciences, San Jose,
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CA) and the ModFit_LT software was used to analyze the results.

Protein extraction and western blotting
Proteins from A549 cells were extracted using
RIPA lysis buffer (Sigma-Aldrich). The total protein
content was quantified using a BCA protein assay
kit (Thermo Fisher Scientific). The antibodies for
the detection of apoptosis associated proteins
consisted of Bcl-2, Cleaved caspase-3, Cleaved
PARP, internal reference GAPDH and corresponding secondary antibodies (Cell Signaling Technology, 1 : 1000). The membranes were incubated with
horseradish peroxidase-conjugated anti-mouse
IgG or goat anti-rabbit (Thermo Fisher Scientific,
1 : 2000) after incubation with the primary antibodies overnight at 4°C. The GAPDH level was
used as an internal control for protein expression.

RNA extraction and quantitative real-time
PCR (qRT-PCR) assays
The TRIzol reagent (Thermo Fisher Scientific)
was used to extract total RNA from the cultured
A549 cells. A SYBR PrimeScript miRNA RT-PCR Kit
(Takara, Shiga, Japan) was used to examine miRNA
levels; the qRT-PCR assays were carried out according to the manufacturer’s protocols. The expression
of miR-324-5p was normalized to the expression of
the U6 snRNA level. The reverse primer for miR-3245p was 5′-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCACCAATG-3′, and the corresponding
forward primer was 5′-ACACTCCAGCTGGGCGCATCCCCTAGGG-3′. The sequences of 5′-AACGCTTCACGAATTTGCGT-3′ and 5′-CTCGCTTCGGCAGCACA-3′
were used to amplify the U6 snRNA.

RNA pull-down assay
The RNA pull-down assay was performed as previously described [25]. Briefly, biotin-labeled lncRNA
PCAT-1 containing the miR-324-5p binding site was
transcribed from PCAT-1 expressing plasmid with
the Biotin RNA Labeling Mix (Roche, Indianapolis,
IN, USA) and T7 RNA polymerase (Promega), treated with RNase-free DNase I (Promega) and purified
with an RNeasy Mini Kit (Qiagen, Valencia, CA). Biotinylated RNA was denatured at 95°C, put in ice, left at
room temperature to allow secondary structure formation, and then incubated with whole-cell lysates
from A549 cells at 25°C. The lncRNA PCAT-1-RNA
complexes were isolated with Streptavidin agarose
beads (Thermo Fisher Scientific) and the pull-down
miRNA-324-5p was detected by qRT-PCR.

Luciferase reporter assay
When the cell confluence was at 70–80%
in each well of 6-well plates, A549 cells were
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co-transfected with the firefly luciferase reporter
plasmid (1 μg), β-galactosidase expression vector (0.5 μg, Promega) and miR-219-5p-mimic/
NC-mimic (100 pmol) or PCAT-1/Control (0.5 μg)
using Lipofectamine 2000. The protein was extracted 24 h after transfection, and luciferase
activities were tested using a Luciferase Reporter
Assay System (Promega) according to the manufacturer’s instructions.

Statistical analysis
Experiments were conducted in triplicate and
repeated at least three independent times. Results in this study are expressed as the mean ±
standard error of the mean (SEM). Differences between two groups were analyzed using Student’s
t-test. The comparison between multiple groups
was performed using one-way ANOVA. P < 0.05
was considered significant. *P < 0.05; **p < 0.01;
***p< 0.001.

Results
Overexpression of lncRNA PCAT-1 promotes
cell proliferation and inhibits apoptosis of
A549 cells
As the up-regulation of lncRNA PCAT-1 is a frequent event in lung cancer, we first examined
PCAT-1 expression in four lung cancer cell lines
(A549, SPC-A-1, NCI-H1734 and H460) and a human bronchial epithelial cell line (16HBE) using
qRT-PCR. The levels of PCAT-1 in four lung cancer
cell lines were higher than that in the 16HBE cells.
Among the four lung cancer cell lines, A549 expressed a relatively high level of PCAT-1 (data not
shown), which is largely consistent with the reported results [9]. Thus, A549 was chosen for the
investigation of PCAT-1 in lung cancer. QRT-PCR assays were performed to test lncRNA PCAT-1 level
after transfection with PCAT-1 expressing plasmid
(PCAT-1), PCAT-1 shRNA expressing plasmid (PCAT-1
sh1, PCAT-1 sh2) or their corresponding controls
(Control or sh NC). The results revealed that the
lncRNA PCTA-1 level was markedly increased after
transfection of PCAT-1 compared to the Control
cells, and was significantly decreased after transfection of the PCAT-1 sh1/PCAT-1 sh2 compared to
the NC sh cells (Figure 1 A). The cell viability and
apoptosis assays were next examined. As Figure
1 B shows, overexpression of PCAT-1 significantly promoted cell proliferation, and the cell growth
was inhibited after the level of PCAT-1 was knocked
down. The results of flow cytometry showed that
the upregulation of PCAT-1 decreased the percentage of apoptotic cells, whereas downregulation
of PCAT-1 increased the proportion of apoptotic
cells (Figure 1 C). Additionally, after PCAT-1 overexpression, anti-apoptotic protein Bcl-2 expression

was markedly upregulated, and the levels of cell
apoptosis associated proteins (Cleaved caspase-3,
Cleaved PARP) were significantly decreased. The
results presented the opposite trend after downregulation of PCAT-1 (Figure 1 D). These results
indicated that lncRNA PCAT-1 can promote cell
proliferation and inhibit apoptosis in A549 cells.

lncRNA PCAT-1 interacts with miR-324-5p
and downregulates its expression
In lung cancer cells, the up-regulation of lncRNA PCAT-1 promoted cell proliferation and inhibited cell apoptosis. However, the molecular
mechanism for this remains indistinct. Therefore,
the potential miRNA targeted by PCAT-1 was predicted by bioinformatics analyses. Through the
bioinformatics prediction method (miRDB, http://
www.mirdb.org), we found that PCAT-1 could probably interact with miR-324-5p. We next focused
attention on the interaction between miR-324-5p
and PCAT-1 in the cell growth and apoptosis of
A549 cells. As Figure 2 A shows, there was perfect base pairing between the binding seeds of
miR-324-5p and PCAT-1, which is marked in blue.
Additionally, biotinylated PCAT-1 harboring the
miR-324-5p binding site was synthesized in vitro
and the biotin-avidin pull-down assay was performed. The qRT-PCR results demonstrated that
miR-324-5p was significantly enriched in the RNA
immunoprecipitation (RIP) pulled down by biotinylated PCAT-1 (Figure 2 B). Next, we determined
the expression level of miR-324-5p using qRT-PCR
after over- or down-expressing PCAT-1. As Figure
3 C shows, overexpression of PCAT-1 caused significant downregulation of miR-324-5p, and the
miR-324-5p level was increased after PCAT-1 was
knocked down. These findings together revealed
that PCAT-1 can inhibit the level of miR-324-5p by
targeting its binding seeds.

lncRNA PCAT-1 upregulates the protein
level of RAP1A through inhibiting
miR-324-5p expression
In A549 cells, PCAT-1 could influence the expression level of miR-324-5p. Nevertheless, the
role of miR-324-5p in A549 cells remains largely
unknown. We next predicted target genes of miR324-5p using bioinformatics analyses. By means
of TargetScan, we found that RAP1A is probably
a potential target of miR-324-5p. Next, we studied the regulatory relationship between RAP1A
and PCAT-1/miR-324-5p in lung cancer cells. Accordingly, the seed binding sites between RAP1A
and miR-324-5p were depicted in Figure 3 A; they
are marked in blue. qRT-PCR results showed that
the miR-324-5p level increased about 140-fold
after transfection with miR-324-5p mimics (Fig-
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Figure 1. Overexpression of lncRNA PCAT-1 promotes cell proliferation and inhibits apoptosis of A549 cells. A – Relative lncRNA PCAT-1 expression levels after transfection with PCAT-1 expressing plasmid (PCAT-1), PCAT-1 shRNA
expressing plasmid (PCAT-1 sh1, PCAT-1 sh1) or their corresponding controls (Control or NC sh), as determined
using qRT-PCR. B – Growth curves of A549 cells after transfection with PCAT-1 expressing plasmid (PCAT-1), PCAT-1
shRNA expressing plasmid (PCAT-1 sh1, PCAT-1 sh1) or their corresponding controls (Control or NC sh). Measurements of the cell growth rate were obtained using a CCK-8 kit. The experiments were performed three times.
C – Cell apoptosis analysis of A549 cells after transfection with PCAT-1 expressing plasmid (PCAT-1), PCAT-1 shRNA
expressing plasmid (PCAT-1 sh1, PCAT-1 sh1) or their corresponding controls (Control or NC sh, left). The proportion
of cell apoptosis was analyzed and presented as a histogram (right). The experiments were repeated three times
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Figure 1. Cont. D – The protein level of Bcl-2, Cleaved caspase-3 and Cleaved PARP in A549 cells after transfection
with PCAT-1 expressing plasmid (PCAT-1), PCAT-1 shRNA expressing plasmid (PCAT-1 sh1, PCAT-1 sh1) or their corresponding controls (Control or NC sh), as determined using western blotting (left). Relative quantitative results
were determined by Image J and shown as a histogram (right)
The data are expressed as mean ± SEM, ***p < 0.001.
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and miRDB prediction tools identified one seed match for PCAT-1 in the mature sequence of miR-324-5p; the
predicted seed-recognition site in the miR-324-5p sequence and the corresponding PCAT-1 sequence are marked
in blue. B – miR-324-5p is associated with PCAT-1. A549 cells were harvested and mixed with biotinylated PCAT-1
to perform biotin-based pull-down. miR-324-5p enrichment was tested by qRT-PCR and normalized to the control.
C – Relative levels of miR-324-5p in A549 cells after transfection with PCAT-1 expressing plasmid (PCAT-1), PCAT-1
shRNA expressing plasmid (PCAT-1 sh1, PCAT-1 sh1) or their corresponding controls (Control or NC sh), as determined using qRT-PCR
The data are expressed as mean ± SEM, ***p < 0.001.
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ure 3 B). As shown in Figure 3 C, the upregulation of miR-324-5p inhibited about 53.6% of the
luciferase activity of the RAP1A 3′-UTR reporter
plasmid (left), while the luciferase activity was
restored after the predicted miR-324-5p binding
sites in RAP1A 3′-UTR reporter plasmid were mutated (right). Moreover, overexpression of PCAT-1
led to an almost doubled increase in RAP1A 3′-UTR
reporter activity in contrast with the control (left),
and the effect was abolished when the predicted
miR-324-5p binding sites in RAP1A 3′-UTR reporter plasmid were mutated (right), which further
verified the specific interaction between miR-3245p and the 3′-UTRs of RAP1A (Figure 3 C). Next,
we detected the protein levels of RAP1A after the
upregulation of miR-324-5p or PCAT-1 in A549
cells. Compared with the control, upregulation of
miR-324-5p led to a remarkable reduction in the
protein expression of RAP1A, while the overexpression of miR-324-5p resulted in a decrease in
RAP1A protein expression (Figure 3 D). The above
findings suggested that miR-324-5p can inhibit
the protein level of RAP1A by targeting its 3′-UTR
region, and furthermore PCAT-1 can upregulate
the expression of RAP1A by decreasing the level
of miR-324-5p.

lncRNA PCAT-1 promotes proliferation
and inhibits apoptosis of lung cancer cells
by downregulating miR-324-5p
Because PCAT-1 can promote cell proliferation
and inhibit apoptosis, and PCAT-1 can regulate
miR-324-5p expression in A549 cells, the function of PCAT-1 targeting miR-324-5p was next
analyzed. The protein expression of RAP1A was
detected using western blotting after transfection
with PCAT-1, PCAT-1 + miR-324-5p or the corresponding controls. As Figure 4 A shows, the overexpression of PCAT-1 resulted in upregulation of
RAP1A protein expression, while the protein level of RAP1A was weakened after co-transfection
of PCAT-1 and miR-324-5p, compared to the cells
simply transfected with PCAT-1. The cell viability
results demonstrated that an obvious decrease
of cell proliferation was detected in cells after
co-transfection of PCAT-1 and miR-324-5p, compared with those transfected with PCAT-1. Furthermore, flow cytometry experiments were performed to evaluate the influence of miR-324-5p
on cell apoptosis by inhibiting the level of PCAT-1.
As shown in Figure 4 C, PCAT-1 over-expression
inhibits cell apoptosis. However, the ectopic upregulation of miR-324-5p was able to weaken the
effects caused by PCAT-1 over-expression. Additionally, when analyzing the influence of PCAT-1/
miR-324-5p on the expressions of cell apoptosis
related proteins (Bcl-2, Cleaved caspase-3 and
Cleaved PARP), similar results were tested after

co-transfection of miR-324-5p and the PCAT-1
expression plasmid. As Figure 4 D shows, PCAT-1
overexpression upregulated the protein expression of Bcl-2 and decreased the protein levels of
cleaved caspase-3 and cleaved PARP in A549 cells.
The overexpression of miR-324-5p weakened the
expression changes of Bcl-2, cleaved caspase-3
and cleaved PARP caused by PCAT-1 overexpression. In short, the above findings demonstrated
that PCAT-1 may promote cell proliferation and
inhibit cell apoptosis, which might be through regulating the expression of miR-324-5p via an inhibition mechanism.

Discussion
It was gradually found that different kinds of
biomarkers such as PD-L1, secreted phosphoprotein 1 (SPP1), amyloid precursor protein (APP),
circulating fucosylation genes and circulating lncRNA XLOC_009167 were related to the prognosis
of lung cancer patients [26–29]. Among them, lncRNAs can regulate gene expression at chromatin,
genomic, transcription and post-transcriptional
levels, playing a vital function in many cellular
physiological processes and holding potential to
influence disease occurrence [30]. Some lncRNAs
associated with lung cancer progression have been
demonstrated. For example, Huang et al. found
that LINC00961 overexpression could greatly inhibit lung cancer cell proliferation and decrease
the cell apoptotic ratio [31]. Cheng et al. suggested that lncRNA PRNCR1 can upregulate HEY2 to
accelerate lung cancer progression by competitively adjusting miR-448 [32]. Tang et al. demonstrated that lncRNA OGFRP1 overexpression can
effectively function as a competing endogenous
RNA for miR-124-3p to promote the expression of
its target gene LYPD3 [33]. These findings revealed
that lncRNA could regulate gene expression by
negatively affecting the endogenous miRNA level. Previous reports have reported that PCAT-1 is
associated with the development of some kinds
of cancers, including prostate cancer, colorectal
cancer patients, gastric cancer cells, cholangiocarcinoma and liver cancer [4–8]. Recently, it was
found that lncRNA PCAT-1 was up-regulated in
lung cancer, playing oncogenic roles. Nevertheless,
the underlying regulatory mechanism of PCAT-1
in lung cancer is still unknown. In this study, our
results not only suggested pro-proliferative and
anti-apoptotic function of PCAT-1 but also provided a regulatory relationship between PCAT-1 and
miRNA.
Using the bioinformatics prediction method
(miRDB), it was predicted that there exist seed
binding sequences between PCAT-1 and miR324-5p. A previous study demonstrated that as
an oncogenic lncRNA, TPT1-AS1 can function as
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Figure 4. lncRNA PCAT-1 promotes proliferation and inhibits apoptosis of lung cancer cells by downregulating miR324-5p. A – The protein level of RAP1A in A549 cells after transfection with PCAT-1 expressing plasmid (PCAT-1),
PCAT-1 expressing plasmid plus miR-324-5p mimics (PCAT-1+miR-324-5p) or the corresponding control, as determined using western blotting. B – Growth curves of A549 cells after transfection with PCAT-1 expressing plasmid
(PCAT-1), PCAT-1 expressing plasmid plus miR-324-5p mimics (PCAT-1 + miR-324-5p) or the corresponding control.
Measurements of the cell growth rate were tested using a CCK-8 kit. The experiments were performed three
times. C – Cell apoptosis analysis of A549 cells after transfection with PCAT-1 expressing plasmid (PCAT-1), PCAT-1
expressing plasmid plus miR-324-5p mimics (PCAT-1 + miR-324-5p) or the corresponding control (left). The proportion of cell apoptosis was analyzed and presented as a histogram (right). The experiments were repeated three
times. D – The protein level of Bcl-2, Cleaved caspase-3 and Cleaved PARP in A549 cells after transfection with
PCAT-1 expressing plasmid (PCAT-1), PCAT-1 expressing plasmid plus miR-324-5p mimics (PCAT-1 + miR-324-5p)
or the corresponding control, as determined using western blotting (left). Relative quantitative results were determined by Image J and shown as a histogram (right)
The data are expressed as mean ± SEM, ***p < 0.001.
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an endogenous sponge for miR-324-5p in cervical cancer cells [14]. Although miR-324-5p overexpression has been revealed in lung cancer cells,
whether it can be regulated by lncRNA remains to
be illustrated [18]. Our data in the present study
showed that PCAT-1 could probably interact with
miR-324-5p and negatively regulate the expression of miR-324-5p. As a class of small noncoding RNAs, miRNAs usually exert their regulatory
activity by negatively regulating the target genes.
Thus, we speculated that the process of PCAT-1/
miR-324-5p in controlling cell proliferation and
cell apoptosis may be involved in the regulation
of miR-324-5p’s target gene. We next found that
miR-324-5p could regulate the expression of
RAP1A in lung cancer by targeting its 3′-UTR.
RAP1A is one of the two isoforms of RAP1,
which has been implicated in regulating microtubule dynamics and activating the MAPK/ERK
pathway, further playing a vital function in cancer progression [20, 21]. Our results revealed that
miR-324-5p can influence cell proliferation and
apoptosis though suppressing the expression of
RAP1A in lung cancer by targeting its 3′-UTR. Except for miRNA-324-5p, it has been reported that
the expression of RAP1A can be regulated by some
miRNAs in other disease, which mainly include
miR-196a, miR-203 and miR-433 [34–36]. Among
these three miRNAs, miR-196a has been found to
be upregulated both in non-small cell lung cancer tissue samples and cell lines, and can promote
cell proliferation and invasion through targeting
HOXA5, suggesting that it might not target RAP1A
in lung cancer [37]. Additionally, Chi et al. demonstrated that miR-203 was decreased and could inhibit cell proliferation and migration of non-smallcell lung cancer [38]. The roles of miR-433 in lung
cancer still remain unclear. As mentioned above, it
was revealed that RAP1A could function as a target gene of miRNAs and play an important role in
the development of cancers. Due to the network
form of noncoding RNA regulation, further studies
are necessary to elucidate whether miR-324-5p,
miR-203 and miR-433 could simultaneously target
RAP1A in lung cancer. Recently, it was reported
that for non-small cell lung cancer patients with
EGFR mutation, who have brain metastases, the
appropriate treatment methods or timing to use
epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitors (TKIs) and brain radiation treatment (RT) is urgently needed [39]. Thus, elucidating the biological effects and molecular mechanism of vital lncRNAs in lung cancer may help to
better understand the pathological process and
develop optimal precision treatment strategies.
In conclusion, our findings revealed that overexpression of lncRNA PCAT-1 can promote cell
proliferation and inhibit apoptosis of A549 cells.

Additionally, PCAT-1 could bind to miR-324-5p and
reduce its expression. Furthermore, PCAT can competitively sponge miR-324-5p and PCAT-1/miR324-5p played a vital function in controlling the
expression of RAP1A in lung cancer by targeting
its 3′-UTR. Based on the dual function of pro-proliferation and anti-apoptosis, the signaling axis
of lncRNA PCAT-1/miR-324-5p/RAP1A may hold
promise as a therapeutic target in lung cancer.
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