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Increased expression of long non-coding RNA PVT1
correlates with clinical progression and poor
prognosis in bladder cancer
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Abstract: Several studies have showed that IncRNA PVT1 contributes to cancer progression. However, the relation-
ship between PVT1 and bladder cancer remains uncertain. The aim of this study was to investigate the expression
of PVT1 in bladder cancer tissues and further explore its clinical significance. The expression levels of PVT1 were de-
termined using RT-gPCR in a total of 146 patients with bladder cancer. Furthermore, the expression levels of PVT1
were determined in 4 bladder cancer cell lines (RT4, RT112, 5637 and T24) and one normal human uroepithelial
cell line (CRL-9520). The association between PVT1 expression and overall survival of bladder cancer patients was
evaluated by Kaplan-Meier analysis and log-rank tests. To identify the risk factors associated with overall survival
of bladder cancer patients, several factors were evaluated by Cox univariate and multivariate analyses. The results
from RT-PCR showed that the expression of PVT1 was not only increased in bladder cancer tissues relative to that in
paired adjacent non-tumor tissues, but also upregulated in four bladder cancer cell lines relative to that in a normal
human uroepithelial cell line. High PVT1 expression was associated with advanced histological grade, higher tumor
stage and positive lymph-node metastasis. Kaplan-Meier survival analysis indicated that high PVT1 expression lev-
els in bladder cancer are significantly associated with worse overall survival. Multivariate analysis showed that high
PVT1 expression was an independent prognostic indicator for overall survival of bladder cancer patients. Our study
indicated that PVT1 may be considered as a novel prognostic marker and therapeutic target of bladder cancer.
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Introduction not translated into a protein [4]. Many IncRNAs
have been identified and recognized as critical
regulators of various biological processes.
LncRNAs are found in the nucleus or cytosol,
and many IncRNAs are tissue specifically ex-
pressed [5-7]. Abnormal expression of INcRNAs
has been shown to be associated with many
cancers.

Bladder cancer is the most common malignan-
cy of the urinary tract. In the United States,
74,000 new cases of the bladder cancer were
diagnosed and 16,000 deaths were attribut-
able to bladder cancer in 2015 [1]. About 70%
of the patients with bladder cancer are nonin-
vasive urothelial carcinoma, and the rest are
musple—invasive disease [2]. Transurethral re- INcRNA PVT1 was downstream of MYC and
section of bladder tumour(TURBT) remgms the localized in 8q24. PVT1 was found to be up-
most common treatment for patients with non- ) .

regulated in a series of human cancers. Yang et

invasive urothelial carcinoma, with a 5-year sur- . .
, o y al found that PVT1 is up-regulated and associ-

vival rate around 70%. However, the recurrence . . .
ated with aggressive progression and poor

rates after TURBT within 12 months are 50%- o ;
prognosis in non-small cell lung cancer [8]. Ding

70% and 15%-30% patients will develop mus- e € -
cle-invasive disease [3]. Therefore, it is essen- et al indicated that PVT1 was increased in gas-

tial to detected effective diagnostic biomarkers tric cancer and higher PVT1 expression was
and potential targets for therapy. correlated with lymph node invasion of gastric

cancer [9]. However, the relationship between
Long non-coding RNAs (IncRNA) are RNA mole- PVT1 and bladder cancer remains uncertain.

cules that longer than 200 nucleotides and are The aim of the present study was to investigate
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Figure 1. Expression of PVT1 is increased in bladder
cancer tissues compared with paired adjacent non-
tumor tissues through RT-PCR.

the expression of PVT1 in bladder cancer tis-
sues and further explore its clinical significance
in bladder cancer.

Methods
Patient collection

One hundred and forty-six bladder cancer tis-
sues and corresponding adjacent normal tis-
sues were obtained from the Xiangya Hospital
between 2005 and 2010. Patients were exclud-
ed from our study if they had been treated with
radiotherapy or chemotherapy before surgery.
The tissues were immediately frozen in liquid
nitrogen following excision and stored at -80°C
prior to the extraction of total RNA. Clinical and
pathological data were recorded for each pa-
tient. The study was approved by the Ethics
Review Board of Xiangya Hospital, Central
South University (Changsha, China). The infor-
med consent was obtained from all patients.
The patients were followed up at outpatient
every 2-3 months during the first 2 years, and
every 6 months thereafter. The median fol-
lowed up time was 32 months.

Cell culture

The human bladder cancer cell lines (RT4,
RT112, 5637 and T24) and normal human uro-
epithelial cell line (CRL-9520) were obtained
from American Type Culture Collection. Cells
were grown in DMEM medium or RPMI1640
supplemented with 10% fetal bovine serum,
100 U/ml penicillin and 100 pg/ml streptomy-
cin. All cells were cultured in a humidified 5%
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CO, incubator at 37°C. All cell lines have been
passaged for fewer than 6 months.

Quantitative real-time PCR

Total RNA from specimens and cell lines was
extracted using Trizol reagent (Invitrogen, CA).
RNAs were reverse transcribed to cDNA using
the reverse transcription kit. The real-time PCR
was performed by using SYBR-green PCR
Master Mix in a Fast Real-time PCR 7500
System (Applied Biosystems) as described in
the manufacturer’s instructions. GAPDH was
used as an internal control. The PCR primers
for PVT1 or GAPDH were designed as follows:
PVT1 (Up: 5-CAGTGGTCTGGGGAATAACG-3’; Lo:
5-AGTCGGGGTCTTACATTCCA-3’), GAPDH (Up:
5-TGACTTCAACAGCGACACCCA-3’; Lo: 5-CACC-
CTGTTGCTGTAGCCAAA-3’).

Statistical analysis

SPSS17.0 software was applied for statistical
analysis. Statistical tests used were t test and
chisquare test. Survival analysis was performed
from the date of surgery to the time of death
using the Kaplan-Meier method, and the log-
rank test was used to compare the survival in
the different groups. A Cox proportional hazard
method was also used to analyze the multivari-
ate survival. The level of statistical significance
was set at P<0.05.

Results

LncRNA PVT1 is up-regulated in bladder can-
cer tissues and cell lines

The expression levels of PVT1 were determined
using RT-gPCR in a total of 146 patients with
bladder cancer. The PVT1 expression was sig-
nificantly upregulated in bladder cancer speci-
mens compared to corresponding adjacent
non-tumor tissues (Figure 1). Furthermore, the
expression levels of PVT1 were determined in 4
bladder cancer cell lines (RT4, RT112, 5637
and T24) and one normal human uroepithelial
cell line (CRL-9520). All the 4 bladder cancer
cell lines expressed a higher level of PVT1 than
the normal human uroepithelial cell line (Figure
2).

LncRNA PVT1 up-regulation was associated
with the poor prognosis in bladder cancer

According to the mean value (3.64) of relative
PVT1 expression, the bladder cancer patients
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Figure 2. Higher expression levels of PVT1 were detected in bladder can-
cer cell lines than normal human uroepithelial cell line.

Table 1. Correlations between PVT1 expression and clinico-

pathological characteristics in bladder cancer

*

evaluated by Kaplan-Meier analy-
sis and log-rank tests. Kaplan-
Meier survival analysis indicated
that high PVT1 expression levels
in bladder cancer are significantly
associated with worse overall sur-
vival. These results demonstrat-
ed that LncRNA PVT1 may play an
important role in the progression
of bladder cancer (Figure 3).

%k
PVT1 predicts overall survival of
bladder cancer patients

T24 To identify the risk factors associ-
ated with overall survival of blad-
der cancer patients, several fac-
tors were evaluated by Cox uni-
variate and multivariate analyses.
Univariate analysis demonstrated
that tumor stage, histological gra-

Number of PVT1 expression

de, lymph-node metastasis, and

Parameters Group ) - P value pvtl expression were significantly
patients High Low associated with overall survival of

Age (years) 260 58 32 26 0.31 bladder cancer patients. Multiva-
<60 88 41 a7 riate analysis showed that higher

Gender Female 82 40 42 0.86 tumor stage, positive lymph-node
Male 64 33 31 metastasis, and high PVT1 ex-

Tumor size (cm) =3 71 31 40 0.19 pression were independent prog-
<3 75 42 33 nostic indicators for overall sur-

Tumor number Single 95 49 46 0.72 vival of bladder cancer patients
Multiple 51 24 27 (Table 2).

Histological grade G1 52 19 33 0.02 Discussion
G2 G3 94 54 40

Tumor stage Ta, T1 68 27 41 0.03 Numerous research has been
T2,T3,T4 78 46 32 confirmed the complexity of hu-

Lymph-node No 119 52 67 <0.01 man genomes transcription, only

metastasis Yes 27 21 6 2% of transcripts encode proteins

were divided into high (n=73) and low (n=73)
expression groups. The correlation between
the expression level of PVT1 and the clinico-
pathological characteristics were evaluated.
High PVT1 expression was associated with ad-
vanced histological grade, higher tumor stage
and positive lymph-node metastasis. However,
PVT1 expression was irrelevant with age, gen-
der, tumor size and tumor number. These data
indicate that high expression levels of PVT1 in
bladder cancer may be associated with disease
progression (Table 1).

The association between PVT1 expression and
overall survival of bladder cancer patients was

3267

[5, 10-12]. In recent years, vari-
ous studies have certified that
the noncoding-RNAs are playing an important
role in the post-transcriptional regulation. While
microRNAs have been widely investigated, long
noncoding RNAs still a fresh, fascinating field to
be explored.

Studies have identified many tumor related
IncRNAs in recent years. However, only a few of
bladder cancer related IncRNAs have been
characterized. Zhao et al demonstrated that
the IncRNA SPRY4-IT1 was positively correlated
with histological grade, tumor stage, and lymph
node metastasis and its expression is an inde-
pendent prognostic factor of overall survival in
bladder cancer [13]. Li et al revealed that
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Figure 3. Kaplan-Meier curves revealed an association of higher PVT1 levels
with a short overall survival. (P<0.01).

Table 2. Prognostic factors in Cox proportional hazards model

PVT1 increases MYC protein
levels in 8g24-gain cancers,
and they inferred that PVT1
may be a more accessible
and less deleterious target
than MYC itself for curtailing
MYC-driven cancers. Several
studies have showed that
PVT1 contributes to cancer
progression. PVT1 was found
significantly upregulated in
non-small cell lung cancer,
hepatocellular cancer and
gastric cancer tissues, and
increased PVT1 expression
was correlated with poor
cancer prognosis and lymph
node invasion [8, 9, 17].

In this study, we investigated
the clinical significance of
PVT1 in bladder cancer pa-
tients. The present study
identified that PVT1 was ove-
rexpression in bladder can-
cer and increased expres-
sion of PVT1 was associated
with advanced histological
grade, higher tumor stage
and positive lymph-node me-
tastasis. This indicated that
PVT1 may play a role in blad-
der cancer progression and
is a predictive marker of
metastasis. In addition, high
PVT1 expression levels was

Variable for Univariate analysis Multivariate analysis

overall survival HR  95% Cl P HR 95%Cl P

Age (years) 1.20 0.70-2.05 0.49

Gender 1.08 0.63-1.84 0.77

Tumor size (cm) 1.04 0.61-1.78 0.87

Tumor number 1.18 1.69-2.02 0.52

Histological grade 1.89 1.04-3.43 0.03 1.44 0.78-2.66 0.24
Tumor stage 3.47 1.85-6.48 <0.01 2.58 1.34-4.95 <0.01
Lymph-node metastasis 3.90 2.13-7.16 <0.01 2.09 1.09-4.01 0.02
PVT1 expression 3.00 1.67-5.38 <0.01 2.00 1.06-3.79 0.03

IncRNA GHET1 was upregulated in bladder can-
cer tissues and its over-expression correlated
with advanced tumor, lymph node status, and
poor survival [14]. However, to our knowledge,
no studies have investigated the clinical signifi-
cance of PVT1 in bladder cancer.

PVT1 lies in chromosome 8q24, which is a rec-
ognized cancer risk locus. Guan et al identified
that inhibition of PVT1 expression induced an
apoptotic response in breast and ovarian can-
cer cell lines [15]. Takahashi et al also demon-
strated that the TGF-$ signalling pathway and
apoptotic signals were significantly activated
after PVT1 knockdown in colorectal cancers
[16]. The well-known MYC oncogene is also lies
in 89g24. Tseng et al demonstrated IncRNA
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related to worse overall sur-
vival and could be an inde-
pendent prognostic factor for overall survival of
bladder cancer patients, this suggesting its
potential therapeutic value.

Conclusion

In conclusion, we demonstrated that PVT1
is highly expressed in bladder cancer. PVT1
overexpression was associated with advanced
histological grade, higher tumor stage and posi-
tive lymph-node metastasis. In addition, PVT1
served as an independent prognostic factor for
overall survival of bladder cancer patients. Our
study indicated that PVT1 may be considered
as a novel prognostic marker and therapeutic
target of bladder cancer.
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