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Long non-coding RNA PCAT-1 over-expression  
promotes proliferation and metastasis in  
non-small cell lung cancer cells
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Abstract: Long non-coding RNAs (lncRNAs) have emerged as major players in governing fundamental biological 
processes, and play a functional role in tumorigenesis. Prostate cancer-associated transcript1 (PCAT-1) is a novel 
lncRNA that promotes cell proliferation in prostate cancer. However, the role of PCAT-1 on non-small cell lung can-
cer (NSCLC) remains unclear. In the present study, we firstly investigated PCAT-1 expression in NSCLC tissues and 
cell lines by using quantitative real-time PCR (QRT-PCR). Our results indicated that PCAT-1 was increased in NSCLC 
tissues and cell lines. PCAT-1 suppression using PCAT-1 small hairpin RNA (shRNA) with A549 cells inhibited cell 
proliferation, migration and invasion, while over-expression of PCAT-1 by synthetic plasmid vectors was shown to 
promote cell proliferation, migration and invasion. Our data suggested that PCAT-1 could play an oncogenic role in 
NSCLC progression. Silencing PCAT-1 is a potential novel therapeutic approach for lung cancer.

Keywords: Long non-coding RNAs, non-small cell lung cancer, PCAT-1

Introduction

Lung cancer is the most common cause of  
cancer death worldwide, in which non-small  
cell lung cancer (NSCLC) accounts for about 
80-85% of all lung cancer cases [1, 2]. Although 
in recent years there has been some progress 
in the treatment of NSCLC, the overall 5-year 
survival rate is still about 16% due to the late 
stage at diagnosis [3]. Thus, it is important to 
investigate the molecular mechanisms involved 
in lung cancer carcinogenesis and identify diag-
nostic markers for early detection and targeted 
treatment of lung cancer.

According to the size, non-coding RNAs (nc- 
RNAs) are sub-divided into two major classes: 
small ncRNAs (< 200 nt) and long ncRNAs 
(lncRNAs > 200 NT) [4]. In recent years, microR-
NAs have been characterized as oncogenes or 
tumor suppressor genes to influence biological 
function of cancer cells through post-transcrip-
tional regulation of protein expression [5, 6]. In 
contrast, lncRNAs were once considered to be 
transcriptional noise [7]. However, it has be- 
come increasingly clear that lncRNAs execute 
important functions at various levels, including 

X chromosomal inactivation, chromatin remod-
eling, and transcriptional repression [8-10]. 
With the development of deep sequencing tech-
nologies, lncRNAs have increasingly been lin- 
ked to many human diseases, especially in can-
cers [11].

Prostate cancer-associated ncRNA transcripts 
1 (PCAT-1) is a long non-coding RNA that was 
originally identified as a biomarker for prostate 
cancer [12]. Ge et al found that PCAT-1 was up 
regulated in colorectal cancer and associated 
with tumor distant metastasis, furthermore, 
they suggested that PCAT-1 over expression as 
an independent prognostic factor for colorectal 
cancer [13]. Yan et al showed that high expres-
sion of PCAT-1 was involved in the progression 
of hepatocellular carcinoma [14]. Shi et al 
reported that High expression of PCAT-1 was 
correlated with advanced clinical stage and 
poor prognosis of esophageal squamous carci-
noma [15]. However, the biological roles and 
underlying mechanism of PCAT-1 in NSCLC 
remains unclear. In this study, we investigated 
the roles of PCAT-1 on the proliferation, migra-
tion and invasion of NSCLC cells.
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In the present study, our results showed that 
PCAT-1 was up regulated in NSCLC tissues and 
cell lines. Decreased expression of PCAT-1 co- 
uld suppress NSCLC cell proliferation, migra-
tion and invasion, while up regulated expres-
sion of PCAT-1 could promote NSCLC cells pro-
liferation, migration and invasion. Therefore, 
our results provided a new therapeutic target 
for the treatment of NSCLC.

Materials and methods

Clinical sample collection

This study included 36 primary NSCLC patients 
who had undergone surgeries at Department of 
Surgical Oncology, Xinxiang Central Hospital 
between 2010 and 2011. All patients did not 
receive chemotherapy or radiotherapy before 
surgery. All collected tissue samples were 
immediately snap-frozen in liquid nitrogen and 
stored until required. The study was approved 
by the Ethics Committee of Xinxiang Central 
Hospital, and it was performed in compliance 
with the Declaration of Helsinki Principles, and 
each patient participated after providing 
informed consent.

Cell culture and transfection

Human NSCLC cell lines (A549, SPC-A-1, and 
H460) and a normal bronchial epithelial cell 
line (16HBE) were obtained from the Type 
Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China). All cells were cul-
tured in RPMI-1640 medium (HyClone) supple-
mented with 10% fetal bovine serum (FBS, Gib- 
co), 100 U/ml penicillin sodium, and 100 mg/
ml streptomycin sulfate at 37°C in a humidified 
air atmosphere containing 5% CO2. In all experi-
ments, exponentially growing cells were used.

The cells were cultured in a 6-well for 24 hours 
and then were transfected with over expression 
plasmid vector or shRNAs. All transfections 
were performed using Lipofectamine 2000 re- 
agent (Invitrogen) according to the manufactur-
er’s protocol. PCAT-1 small hairpin RNA (shR-
PCAT1) and negative control shRNA (shR-NC) 
were ordered from GenePharma. The sequen- 
ce of shR-PCAT1 was 5’-GAGAAAGCAUCUGUAC- 
CCUUACAAU-3’. The overexpression plasmid ve- 
ctor of PCAT-1 (PCAT-1-pcDNA3.1 + vector) was 
synthesized in Life Technology (Invitrogen). The 
pcDNA3.1 + empty vector was used as a nega-
tive control.

RNA isolation and quantitative real-time PCR 
(QRT-PCR)

Total RNA was isolated from NSCLC tissues  
and cell lines using Trizol reagent (Invitrogen) 
according to the manufacturer’s instructions. 
The expression level of PCAT-1 in NSCLC tis-
sues and cell lines was measured by QRT-PCR 
using the SYBR-Green method (Takara) accord-
ing to the manufacturer’s protocol and normal-
ized using GAPDH. The primers were as follows: 
PCAT-1 sense: 5’-AATGGCATGAACCTGGGAGG- 
CG-3’; PCAT-1 antisense: 5’-GGCTTTGGGAAG- 
TGCTTTGGAG-3’; GAPDH sense: 5’-AGAAGGCT- 
GGGGCTCATTTG-3’; GAPDH antisense: 5’-AG- 
GGGCCATCCACAGTCTTC-3’. All experiments we- 
re performed using the 2-ΔΔCt method. Each 
experiment was repeated three times.

Cell proliferation assay

NSCLC cells A549 had been transfected with 
overexpression plasmid vector or shRNAs, and 
then was reseeded into 96-well plates. Cell 
density was adjusted to 5×103/well, and the 
final volume was 150 μl/well. MTT solution (20 
μL) was added to the plates 24, 48, 72 and 96 
hours later. The cells were cultured for 4 hours 
at 37°C. Then, the medium was discarded and 
150 μL DMSO was added and oscillated for 15 
minutes. Optical density (OD) was detected at a 
wavelength of 490 nm using an enzyme-labeled 
analyzer. Each experiment was repeated three 
times.

Cell migration and invasion assay

Migration and invasion assays were performed 
using transwell chambers. For migration assay, 
5×104 cells were seeded into the upper cham-
ber of transwells (BD Bioscience). For invasion 
assay, 1×105 cells were added into the upper 
chamber precoated with matrigel (BD Bio- 
science). In both assays, cells were maintained 
in medium without serum in the upper cham-
ber, and medium containing 10% FBS was 
added to the lower chamber as chemoattrac-
tant. After 24 hours incubation, cells that did 
not migrate or invade through the membrane 
were wiped out. Then the membranes were 
fixed and stained with 0.5% crystal violet. Three 
random fields were counted per chamber using 
an inverted microscope (Olympus), and each 
experiment was repeated three times.
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Statistical analysis

All statistical analyses were performed using 
SPSS version 18.0 software (IBM). All data are 
presented as the mean ± SD and differences 
between groups were analyzed using Student’s 
t test or chi-square test analysis. Results were 
considered significant when P value less than 
0.05.

Results

PCAT-1 expression level was increased in 
NSCLC tissues and cell lines

The expression of PCAT-1 in 36 paired NSCLC 
tissues and adjacent non-tumor tissues from 
NSCLC patients were detected by QRT-PCR. 
Compared with the levels of the adjacent non-

Figure 1. Expression of lncRNA PCAT-1 was increased in NSCLC tissues and cell lines. A. Expression of lncRNA 
PCAT-1 in 36 NSCLC tissues and adjacent non-tumor tissues was determined by qRT-PCR. B. Expression of lncRNA 
PCAT-1 in three NSCLC cell lines (A549, SPC-A-1, and H460) and human bronchial epithelial cell line (16HBE) was 
measured by QRT-PCR. Data are presented as means ± SD from three independent experiments. *P < 0.05.

Figure 2. PCAT-1 promoted NSCLC cell proliferation. A. Downregulation of PCAT-1 by transfection with shR-PCAT1 in 
A549 cells. B. Over expression of PCAT-1 by transfection with PCAT-1-pcDNA3.1 + vector in A549 cells. C, D. Analysis 
of the effect of PCAT-1 on the proliferation of A549 cells by MTT assay. Data are presented as means ± SD from 
three independent experiments. *P < 0.05.
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tumor tissues, a significant upregulated of PC- 
AT-1 was observed in NSCLC patients (Figure 
1A, P < 0.05). Furthermore, NSCLC cell lines 
(A549, SPC-A-1, and H460) were also tested, 
compared with human normal bronchial epithe-
lial cell line 16HBE, PCAT-1 expression level 
was increased in all three NSCLC cell lines 
(Figure 1B, P < 0.05). These results suggested 
that lncRNA PCAT-1 might play critical roles in 
the progression of NSCLC.

PCAT-1 promoted NSCLC cell proliferation

To investigate the effect of lncRNA PCAT-1 on 
NSCLC cell proliferation, we selected A549 ce- 
lls to perform knockdown and over-expression 

experiments. The successful knockdown and 
overexpression experiments of PCAT-1 in the 
cells were confirmed by qRT-PCR (Figure 2A, 
2B, P < 0.05). Next, we explored the effect of 
lncRNA PCAT-1 on NSCLC cell proliferation. Our 
data showed that the proliferation rate of 
NSCLC cells transfected with shR-PCAT1 was 
significantly decreased compared with nega-
tive control (shR-NC) (Figure 2C, P < 0.05). In 
contrast, the proliferation rate of NSCLC cells 
transfected with PCAT-1 overexpression plas-
mid (PCAT-1-pcDNA3.1 + vector) was signifi-
cantly increased compared with negative con-
trol (pcDNA3.1 + empty vector) group (Figure 
2D, P < 0.05).

Figure 3. PCAT-1 promoted NSCLC cell migration and invasion. A, B. Analysis the effect of PCAT-1 on the migration of 
A549 cells by Transwell migration assay. C, D. Transwell invasion assay was utilized to analyze the effect of PCAT-1 
on the invasion of A549 cells. Data are presented as means ± SD from three independent experiments. *P < 0.05.
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PCAT-1 promoted NSCLC cell migration and 
invasion

We further investigated the effect of lncRNA 
PCAT-1 on NSCLC cell migration and invasion. 
Transwell migration assay showed that decre- 
ased expression of PCAT-1 dramatically sup-
pressed NSCLC cell migration compared with 
negative control (Figure 3A, P < 0.05). Con- 
sistent with this result, over expression of PCAT-
1 resulted in a significant increase in the capa-
bility of NSCLC cell migration (Figure 3B, P < 
0.05). Moreover, Trans well invasion assay reve- 
aled that the invasion potential of NSCLC cells 
transfected with shR-PCAT1 was significantly 
decreased (Figure 3C, P < 0.05), whereas over 
expression of PCAT1 significantly increase the 
the capability of NSCLC cell invasion (Figure 
3D, P < 0.05). These findings indicated that 
PCAT-1 could promote the development and 
progression of NSCLC.

Discussion

lncRNAs represent an emerging player in non-
small cell lung cancer, contributing to tumor 
proliferation, migration and invasion [16-18]. 
As a new identified lncRNA, PCAT-1 is located in 
the chromosome 8q24 gene desert and con-
tributes to cell proliferation in prostate cancer 
[12]. Liu et al showed that decrease expression 
of PCAT-1 could inhibit cell proliferation and 
induce cell apoptosis in human bladder cancer 
[19]. Prensner et al showed that PCAT-1 could 
promote prostate cancer cell proliferation th- 
rough CMYC [20], and they also suggested that 
PCAT-1 expression produced a functional defi-
ciency in homologous recombination through 
its repression of the BRCA2 tumor suppressor 
in sporadic cancers [21].

In the present study, we explored the role of 
lncRNA PCAT-1 in NSCLC progression. Our 
results revealed that PCAT-1 was significantly 
increased in NSCLC tissues compared to adja-
cent non-tumor tissues. Furthermore, PCAT-1 
was also increased in NSCLC cell lines (A549, 
SPC-A-1, and H460) compared with human nor-
mal bronchial epithelial cell line 16HBE. These 
finding indicated that PCAT-1 could play an 
oncogenic roles in NSCLC progression.

To better understand the biological functions of 
PCAT-1 in NSCLC, we detected the cell prolifera-
tion, migration and invasion by knockdown and 
overexpression of PCAT-1 in NSCLC cells A549. 
Our data showed that decreased expression of 

PCAT-1 in A549 cells could significantly inhibit 
NSCLC cell proliferation, migration and inva-
sion. In contrast, overexpression of PCAT-1 
could markedly promote NSCLC cell prolifera-
tion, migration and invasion. These data dem-
onstrated that lncRNA PCAT-1 could play an 
oncogenic role in the progression of NSCLC.

In conclusion, this study is the first time to 
examine the function of PCAT-1 in NSCLC pro-
gression. Our work suggested that blocking 
lncRNA PCAT-1 activity in NSCLC is a potential 
novel therapeutic approach. lncRNA PCAT-1 is 
involved in many areas of tumor progression, 
including cell proliferation, migration and inva-
sion. Intervention of PCAT-1 function by agents, 
may have potential therapeutic value in the pre-
vention of lung cancer. Thus, our findings may 
not only provide a molecular basis for the role 
of PCAT-1 in NSCLC but also suggest a novel 
therapeutic target for the treatment of NSCLC.
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