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Abstract: Introduction: Non-small cell lung cancer (NSCLC) is the major cause of cancer death worldwide. Increas-
ing evidence shows that long non coding RNAs (IncRNAs) are widely involved in the development and progression
of NSCLC. IncRNA PVT1 in several cancers has been studied, its role in lung cancer remains unknown. Our stud-
ies were designed to investigate the expression, biological role and clinical significance of PVT1 in lung cancer.
Methods: IncRNA PVT1 expression in 82 NSCLC tissues and 3 lung cancer cell lines was measured by quantitative
Real-time PCR (qRT-PCR). Its association with overall survival of patients was analyzed by statistical analysis. RNA
interference (RNAI) approaches were used to investigate the biological functions of PVT1. The effect of PVT1 on
proliferation was evaluated by MTT, cell migration and invasion ability was evaluated by cell migration and invasion
assays. Results: INcRNA PVT1 expression was significantly upregulated in NSCLC tissues and lung cancer cells when
compared with corresponding adjacent normal tissues and normal bronchial epithelial cells. Increased PVT1 ex-
pression was significantly correlated with histological grade and lymph node metastasis. In addition, NSCLC patients
with PVT1 higher expression have shown significantly poorer overall survival than those with lower PVT1 expression.
And PVT1 expression was an independent prognostic marker of overall survival in a multivariate analysis. In vitro
assays our results indicated that knockdown of PVT1 inhibited cell proliferation, migration, and invasion. Conclu-
sions: Our data indicated that IncRNA PVT1 is significantly upregulated in NSCLC tissues and may represent a new
biomarker and a potential therapeutic target for NSCLC intervention.
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Introduction

Lung cancer is the most common cause of can-
cer death, with more than 226,000 new cases
in the United States in 2012, and the majority
of lung cancer cases are non-small cell lung
cancer (NSCLC), which accounts for approxi-
mately 80% of lung cancer [1, 2]. Despite the
enormous improvements made in chemothera-
py and radiotherapy over the past few decades,
the outlook for patients with NSCLC was dis-
mal, with only slightly more than 15% of patients
alive 5 years after diagnosis [3]. Thus, it is
urgent to find new prognostic markers and ther-
apeutic strategies to improve treatment of
NSCLC.

Long non-coding RNAs (IncRNAs) are evolution-
arily conserved non coding RNAs that are lon-

ger than 200 nucleotides in length with no pro-
tein-coding capacity [4]. Recent studies demon-
strated that IncRNAs have important roles in
diverse biological processes, such as cell grow-
th and apoptosis, as well as in cancer progres-
sion and metastasis [5, 6]. For example, Tu et
al. demonstrated that the IncRNA GAS5 was
down-regulated in hepatocellular carcinoma pa-
tients and GAS5 expression was an indepen-
dent prognostic factor for patients with liver
cancer, which might be a potential valuable bio-
marker for hepatocellular carcinoma [7]. Yan et
al. showed IncRNA HOTAIR expression in stage
Ta/T1 urothelial carcinoma of the bladder tis-
sues was significantly upregulated compared
with the matched nontumorous tissues, and
the expression of HOTAIR is an independent
prognostic factor of recurrence in stage Ta/T1
urothelial carcinoma of the bladder [8]. Ren et
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Table 1. Relationship between clinicopathological fea-

tures and PVT1 in NSCLC

In the current study, we aim to explore
the expression of INcCRNA PVT1 in NSCLC

PVT1 expression

and further investigate the clinical sig-

Variable Number Low High value nificance and biological functions of
PVT1 in NSCLC.
Age (years) 0.564
<60 29 5 24 Materials and methods
> 60 53 12 41 ) _
Patients and specimens
Gender 0.930
Male 49 10 39 Eighty-two paired NSCLC tissues and
Female 33 7 26 matghed adjacent _normql_Ussues wgre
. obtained from the First Affiliated Hospital
Tumor size (cm) 0.429 L. . . . o
<3 20 6 14 of Xinxiang Medical University (Weihui,
China) between March 2007 and March
_2 3 _ 62 1 o 20009. All patients recruited in this study
Histological grade 0.002 were not subjected to preoperative
| 40 14 26 radiotherapy and/or chemotherapy and
-1 42 3 39 were diagnosed as infiltrating carcinoma
Lymph nodes metastasis 0.001 by pathologists. Clinical and pathologi-
No 43 15 28 cal variables analyzed are shown in
Yes 39 2 37 Table 1. All patients were regularly fol-

al. found that IncRNA MALAT-1 was increased in
prostate cancer and higher MALAT-1 expres-
sion was correlated with Gleason score, pros-
tate specific antigen, tumor stage and castra-
tion resistant prostate cancer, moreover down-
regulation of MALAT-1 can inhibit prostate can-
cer cell growth, invasion and migration [9].
Unfortunately, the emerging functional role of
IncRNAs in NSCLC remains largely unknown.

Mouse Pvtl is an oncogene that was originally
identified as a common retroviral integration
site in murine leukemia virus (MLV)-induced T
lymphomas [10]. The human PVT1 oncogene,
which is located at 8gq24.21, was found to be
up regulated in a series of human tumors [11,
12]. Wang et al. found that human IncRNA PVT1
was up-regulated in hepatocellular carcinoma
tissues and that patients with higher IncRNA
PVT1 expression had poor clinical prognosis.
Moreover INcRNA PVT1 promotes cell prolifera-
tion, cell cycling and the acquisition of stem cell
like properties in hepatocellular carcinoma
cells by stabilizing NOP2 protein [13]. Takahashi
et al. showed colorectal cancers patients with
high PVT1 expression had a significantly poorer
prognosis than those with low PVT1 expres-
sion, and down-regulated PVT1 promotes colo-
rectal cancer cells apoptosis [14]. However, the
IncRNA PVT1 expression in NSCLC and underly-
ing mechanism is still unclear.
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lowed up, with a mean observation peri-
od of 41 months. Tumor specimens and
corresponding adjacent normal tissues were
collected and stored in liquid nitrogen until use.
The study was approved by the Medical ethics
committee of the First Affiliated Hospital of
Xinxiang Medical University.

For all patients, histological type and grade of
cancer cell differentiation were reevaluated
and determined by the classification system of
the World Health Organization modified in
2004, and postsurgical pathological staging
was determined based on the international
staging system.

Cell culture

The human lung cell lines A549, H157, HEK-
293T and normal bronchial epithelial cell line
16HBE were purchased from the American
Type Culture Collection (ATCC, USA). All cell
lines were routinely maintained in DMEM medi-
um (Gibco) supplemented with 10% fetal bovine
serum (Gibco), 100 U/ml penicillin sodium, and
100 mg/ml streptomycin sulfate at 37°C in a
humidified air atmosphere containing 5% CO,,.
Cells were used when they were in the logarith-
mic growth phase.

Cell transfection

The sequences of PVT1-specific siRNAs (si-PV-
T1) were 5-GCUUGGAGGCUGA-GGAGUUTT-3'.
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Table 2. Prognostic factors in Cox proportional hazards model
. Univariate analysis Multivariate analysis
Variable - - - :
Risk ratio 95% ClI P Risk ratio 95% Cl P
Age (years) 0.719 0.417-1.614 0.283
>60vs. <60
Gender 1.312 0.637-2.073 0.416
Male vs. Female
Tumor size 2.319 0.548-4.773 0.143
>3cmvs.<3cm
Histological grade 2.929 1.837-7.146 0.005 2.417 1.611-6.271 0.009
I s, |
Lymph nodes metastasis 4.479 2.817-8.692 0.004 3.641 2.382-6.817 0.007
Yes vs. No
PVT1 3.581 2.141-7.793 0.011 3.273 2.184-6.937 0.016
high vs. low

Human NSCLC A549 cells were transfected
with either 50 nmol si-PVT1 or si-NC using
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Lipofectamine 2000 transfection reagent (Life
Technologies) according to the manufacturer’s
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Figure 2. IncRNA PVT1 promotes cell growth, migration and invasion of NSCLC in vitro. A. A549 cells were transfect-
ed with si-PVT1 or si-NC for 48 hours, the expression of INcRNA PVT1 was measured by gRT-PCR. B. Cell proliferation
of AB49 cells was detected by MTT assay after transfected with si-PVT1 or si-NC. C. Migration assay showed inhibi-
tion of PVT1 in A549 cells produced a lower migration capacity than observed in controls tansfected with si-NC. D.
Invasion assay showed A549 cells tansfected with si-PVT1 displayed a lower invasion capacity compared with those
infected with si-NC. si-NC, cells transfected with nonspecific siRNA; si-PVT1, cells transfected with PVT1-specific
siRNA. Results are expressed as means + SD for three replicate determinations. *P < 0.05.

instruction. After 48 hours, cells transfected
with siRNA were harvested for qRT-PCR to
determine the transfection efficiency.

Cell proliferation assays

To determine cell growth, 2 x 103 cells were see-
ded in 96-well plate and transfected with si-
RNA. And cell proliferation was determined
using a MTT (3-(4,5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide) according to
the manufacturer’s protocol. The fluorescence
intensity was measured using a fluorescence
microplate reader and absorbance was mea-
sured at 570 nm (Molecular Devices). Three
independent experiments (3 replicates in each)
were performed.

In vitro migration and invasion assays

Cell migration and invasion assays were per-
formed in a 24-well plate with 8 mm pore size
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chamber inserts (Corning). For migration ass-
ays, 5 x 10* cells were placed into the upper
chamber per well with the non-coated mem-
brane. For invasion assays, 1 x 10° cells were
placed into the upper chamber per well with the
Matrigel-coated membrane, which was diluted
with serum-free culture medium. In both ass-
ays, cells were suspended in 200 ml of DMEM
without fetal bovine serum when they were
seeded into the upper chamber. In the lower
chamber, 800 ml of DMEM supplemented with
10% fetal bovine serum was added. After incu-
bation for some hours at 37°C and 5% CO,, the
membrane inserts were removed from the pla-
te, and non-invading cells were removed from
the upper surface of the membrane. Cells that
moved to the bottom surface of the chamber
were fixed with 100% methanol for 20 min and
stained with 0.1% crystal violet for 30 min.
Then, the cells were imaged and counted in at
least 5 random fields using a microscope

Int J Clin Exp Pathol 2014;7(10):6929-6935
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(Olympus). The assays were conducted three
independent times.

Quantitative real-time RT-PCR (qRT-PCR)

Total RNA was isolated from tissues or cells
using TRIZOL reagent according to the manu-
facturer’s protocol (Invitrogen). RNA was rever-
se transcribed using SuperScript First Strand
cDNA System (Invitrogen) according to the man-
ufacturer’s instructions. The PCR amplification
were performed for 40 cycles of 94°C for 30 s,
60°C for 30 s, and 72°C for 30 s, on a Applied
Biosystems 7900HT (Applied Biosystems) with
1.0 pl of cDNA and SYBR Green Real-time PCR
Master Mix (Takara). Data was collected and
analyzed by SDS2.3 Software (Applied Biosy-
stems). The expression level of each candidate
gene was internally normalized against that of
the RNUGB. The relative quantitative value was
expressed by the 2-AACt method. Each experi-
ment was performed in triplicates and repeat-
ed three times.

Statistical analysis

All data were presented as mean + SD and ana-
lyzed by using SPSS 18.0. The analysis of data
was conducted by using independent two-tailed
ttest. Categorical data were analyzed using the
two-side chi-square test. Overall survival was
estimated by using Kaplan-Meier method, and
univariate analysis was conducted by log-rank
test. The Cox proportional hazards model was
used in the multivariate analysis. Values of P <
0.05 were considered statistically significant.

Results

LncRNA PVT1 is significantly upregulated in
NSCLC

We firstly examined IncRNA PVT1 expression
level in 82 paired human NSCLC and adjacent
normal tissues by qRT-PCR. As shown in Figure
1A, after normalization to RNUGB expression
levels, the expression level of PVT1 in NSCLC
tissues was significantly higher than that in
adjacentnormaltissues (P<0.05).Furthermore,
expression was also examined by qRT-PCR in 3
lung cancer cell lines and human bronchial epi-
thelial cell line 16HBE. This experiment showed
that PVT1 expression was higher in lung cancer
cell lines than in 16HBE (Figure 1B, P < 0.05).
The data indicated that abnormal PVT1 expres-
sion may be related to NSCLC pathogenesis.
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LncRNA PVT1 is a prognostic indicator for
NSCLC patients

We divided the 82 patients with NSCLC into a
high PVT1 expression group (n = 65) and a low
PVT1 expression group (n = 17), classified as
having expression levels higher or lower than
the median expression level of PVT1 (2.87).
Clinicopathological factors were then analyzed
in the high and low PVT1 expression groups
(Table 1). The high PVT1 expression group
showed greater histological grade and lymph
node metastasis compared with the low PVT1
expression group. With regard to overall surviv-
al, patients with high PVT1 expression had a
significantly poorer prognosis than those with
low PVT1 expression (Figure 1C, P < 0.05).
Univariate and multivariate analysis showed
that PVT1 expression level was an independent
prognostic indicator of overall survival in pa-
tients with NSCLC (relative risk: 3.273, P <
0.05; Table 2).

Down-regulation of IncRNA PVT1 inhibited
proliferation of NSCLC cells

We investigated the role of PVT1 in NSCLC cell
proliferation by MTT assay. The efficiency of si-
PVT1 was determined by gRT-PCR. As shown in
Figure 2A, after transfection with si-PVT1 A549
cells showed a significant decreased mRNA
expression of PVT1 compared to the si-NC
group (P < 0.05). MTT assay showed that down-
regulation of PVT1 remarkably inhibited prolif-
eration of Ab49 cells (Figure 2B, P < 0.05).
These data suggested that down-regulation of
PVT1 inhibited proliferation of NSCLC cells.

Down-regulation of IncRNA PVT1 inhibited
migration and invasion of NSCLC cells

We then performed cell migration assays and
invasion assays to investigate the role of PVT1
in the regulation of cell migration and invasion
in human lung cancer cells. Cell migration ass-
ays showed that the migratory rate of cervical
cancer cells transfected with si-PVT1 was sig-
nificantly down-regulated compared with si-NC
group (Figure 2C, P < 0.05). Cell invasion ass-
ays showed that the invasion of lung cancer
cells transfected with si-PVT1 was notably
down-regulated compared with si-NC group
(Figure 2D, P < 0.05). These data indicated that
PVT1 may promote the migration and invasion
of lung cancer cells.

Int J Clin Exp Pathol 2014;7(10):6929-6935
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Discussion

Lung cancer is the primary cause of cancer-
related deaths worldwide, so finding new mole-
cular targets for its diagnosis, prognosis and
treatment has the potential to improve the clini-
cal strategies and outcomes of this disease
[15]. In recent years, many studies have shown
that the expression of IncRNAs is aberrant in
human cancer [16]. Identification of tumor asso-
ciated IncRNAs is critical for understanding the
roles of INcCRNAs in tumorigenesis and may be
important for novel therapeutic targets [17]. In
the present study, our attention focused on the
IncRNA PVT1.

In this study, we characterized the function of
IncRNA PVT1 in NSCLC development and pro-
gression. We found that IncRNA was up-regulat-
ed in NSCLC tissues and cell line to a greater
extent than in corresponding normal tissues
and human bronchial epithelial cell line 16HBE.
Moreover, we also found that IncRNA PVT1 exp-
ression was positively correlated to the histo-
logical grade, and lymph node metastasis, alth-
ough it showed no association with age, gen-
der, and tumor size in patients with NSCLC.
More importantly, PVT1 high expression was
correlated with lower overall survival rates and
could be an independent prognostic factor in
patients with NSCLC. These results indicated
that PVT1 expression was an independent
prognostic factor for patients with NSCLC, and
play an important role in tumorigenesis, and
progression of NSCLC.

Takahashi et al. showed that PVT-1 expression
levels in colorectal cancer tissues were signifi-
cantly higher than those in non-cancerous tis-
sues. Knockdown of PVT1 significantly inhibited
colorectal cancer cells proliferation and redu-
ced invasive abilities compared with negative
control cells [14]. Guan et al. indicated PVT1
contribute independently to ovarian and breast
pathogenesis when overexpressed because of
genomic abnormalities. They also suggest that
PVT1-mediated inhibition of apoptosis may
explain why amplification of 8q24 is associated
with reduced survival duration in patients treat-
ed with agents that act through apoptotic mech-
anisms [18]. From our clinical pathological
data, we found that high PVT1l expression is
closely associated with histological grade and
lymph node metastasis. Thus we suppose PVT1
may also regulate the growth and metastasis of
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NSCLC cells. So, it is necessary to identify the
biological function of PVT1 in NSCLC cells.

PVT1-specific siRNA (si-PVT1) was used to
investigate its biological functions in NSCLC
cells. Our data showed that forced downregula-
tion of PVT1 inhibited cellular proliferation,
migration, and invasion in lung cancer cells,
suggesting that PVT1 may play an oncogenic
role in NSCLC. Further studies should focus on
the underlying molecular mechanism of PVT1
in NSCLC.

In conclusion, the present study, for the first
time, suggested that the up-regulation of Inc-
RNA PVT1 expression was closely associated
with the development, progression, and prog-
nosis of NSCLC. Moreover, we preliminarily sug-
gested a role IncRNA PVT1 plays in cell prolif-
eration, migration, and invasion in lung cancer
cells. As a result, these results suggested that
PVT1 may become a novel promising candidate
for the prognosis and therapy for NSCLC.
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