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Upregulation of lncRNA p
lasmacytoma variant
translocation 1 predicts poor prognosis in
patients with muscle-invasive bladder cancer
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Abstract
LncRNA plasmacytoma variant translocation 1 (PVT1) has been recognized as an oncogenic lncRNA, which participates in the
migration and invasion of many kinds of cancer cells and the development of cancers. In the present study, we explored its clinical
significance and prognostic value in muscle invasive bladder cancer (MIBC).
A total of 98 MIBC patients’ samples were collected, who had undergone radical cystectomy from the March 2013 to December

2018. The associations between PVT1 expression and clinical data were calculated using the Chi2-test. Overall survival curves were
determined by the Kaplan–Meier technique and contrasted via log-rank test. We utilized univariate and multivariate Cox proportional
hazard models to examine the HR and 95% CI.
The expression levels of PVT1 were significantly higher in MIBC tissues than that in normal bladder tissues (P< .001). PVT1

expression was significantly correlated with tumor grade (P= .009), margin (P= .002), T stage (P= .02), and lymph node metastasis
(P< .001). MIBC patients with high PVT1 expression level had shorter overall survival than those with low PVT1 expression level (log-
rank test, P= .004). Multivariate Cox regression analysis showed that PVT1 expression level (HR=2.381, 95% CI: 1.821–7.012,
P= .014) was an independent factor in predicting the overall survival of MIBC patients.
In summary, increased PVT1 expression inMIBC patients is correlated with a higher MIBC stage and is significantly associated with

poor prognosis for MIBC patients, which may provide new insights into new therapeutic strategy and postoperative intervention
against bladder cancer.

Abbreviations: EMT = epithelial-mesenchymal transition, lncRNA = long noncoding RNAs, MIBC = muscle invasive bladder
cancer, PVT1 = lncRNA plasmacytoma variant translocation 1, UICC = Union for International Cancer Control.

Keywords: bladder cancer, long noncoding RNAs, muscle invasive bladder cancer, prognosis, lncRNA plasmacytoma variant
translocation 1
1. Introduction

Bladder cancer ranks 9th in cancer incidence and 13th in cancer
mortality worldwide.[1,2] It is the most common urogenital
malignant tumor, and is classified into 2 distinct categories: non-
muscle invasive bladder cancer (NMBIC) and muscle invasive
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bladder cancer (MIBC) according to the 8th edition of the TNM
classification published by the Union for International Cancer
Control (UICC).[3,4] Despite numerous advances in surgery, and
adjuvant or neoadjuvant chemoradiotherapy, the recurrence rate
of bladder cancer is still high and the prognosis is still poor.
Approximately 30% of patients are diagnosed with MIBC at the
time of their initial presentation, and they have a less favorable
prognosis with a 5-year survival rate of <50%.[5,6] Therefore,
identifying novel prognostic biomarkers is urgently required to
guide adjuvant therapy after surgery and to improve clinical
outcome of patients with bladder cancer.
Long noncoding RNAs (lncRNAs) are a group of noncoding

RNAs longer than 200 nucleotides which participate in
numerous biological and physiological processes, including cell
development, survival, invasion, metastasis, differentiation, and
apoptosis.[7,8] Accumulating evidence has revealed that aber-
rantly expressed lncRNAs plays crucial roles in cancer occur-
rence, development, and metastasis.[9,10]

LncRNAs plasmacytoma variant translocation 1 (PVT1), which
located in the 8q24 chromosomal region, is an important
carcinogenic lncRNA.[11] PVT1 can promote the progression of
various types of cancer, including prostate cancer, lung cancer,
glioma, hepatocellular carcinoma (HCC), cervical cancer, esoph-
ageal adenocarcinoma, nasopharyngeal carcinoma, ovarian
cancer, colorectal cancer (CRC), and renal cell carcinoma
(RCC).[12–23] The role of PVT1 in bladder cancer has also been
investigated. Yu et al[24] found that PVT1 levels were higher in
bladder cancer tissues and PVT1 regulated VEGFC through
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inhibitingmiR-128 in bladder cancer cells. Tian et al[25] found that
PVT1 was over-expressed in bladder cancer cells, and it down-
regulated miR-31 to enhance CDK1 expression and facilitated
bladder cancer cells proliferation, migration, and invasion. In the
present study, we examined the lncRNAPVT1 expression levels of
bladder cancer and adjacent normal bladder tissues and explored
its clinical significance and prognostic value in bladder cancer.

2. Materials and methods

A total of 98 MIBC patients’ samples were collected, who had
undergone radical cystectomy in the Department of Urology,
Affiliated Hospital of Qingdao University, Qingdao, from the
March 2013 to December 2018. Participants were chosen based
on the inclusion criteria: patients were at least 18 years of age;
there was a verified histopathological diagnosis (muscle-invasive
disease, pT2-T4, N0-N3, M0), and complete follow-up data
available. Exclusion criteria: bladder cancer with distant
metastasis; patients with non-muscular invasive bladder cancer;
patient underwent neoadjuvant chemotherapy before surgery. All
the patients included in this study were underwent laparoscopic
or open radical cystectomy and standard bilateral lymphadenec-
tomy. Tumor staging was performed according to the standard
TNM staging guidelines of the UICC and tumor grading was
performed according to the 2004 World Health Organization
(WHO) grading system. Tumor histology was reviewed by 2
uropathologists. The present study was approved by the
Affiliated Hospital of Qingdao University. The clinical research
informed consent was signed by each patient prior to surgery.
Patient characteristics are shown in Table 1.

2.1. RNA isolation and qRT-PCR

Total RNA was extracted using Trizol (Ambion, Austin, TX)
according to manufacturer’s instructions. RNA was reverse-
Table 1

Association of lncRNA PVT1 expression with clinicopathological
features of muscle-invasive bladder cancer.

lncRNA PVT1 expression

Variables Cases (n) High (n=50) Low (n=48) P value

Age, y
<60 31 14 17 .516
≥60 67 36 31

Gender
Male 62 34 28 .403
Female 36 16 20

Type of urinary diversion
Ileal conduct 67 33 34 .667
Ureterocutaneostomy 31 17 14

Margin
Positive 22 18 4 .002
Negative 76 32 44

Tumor grade
Low 52 15 37 .009
High 46 35 11

T stage
T2/T3 73 32 41 .02
T4 25 18 7

Lymph node metastasis
N0/N1 27 3 24 <.001
N2/N3 71 47 24

lncRNA= long noncoding RNAs; PVT1= lncRNA plasmacytoma variant translocation 1.
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transcribed into complementary DNA (cDNA) by using a
Promega M-MLV Kit. Quantitative real-time PCR (qPCR) was
performed using SYBR Select Master Mix (Applied Biosystems,
CA) on the Applied Biosystems 7500 Fast platform (Applied
Biosystems). The PCR conditions were as follows: 30seconds at
95 °C, followed by 40 cycles of 10seconds at 95 °C, and 30
seconds at 60 °C.
The relative expression was normalized using GAPDH as an

internal reference gene. Fold changes were calculated using the
formula 2–DDCt. All qRT-PCR reactions were performed 3 times
independently. The primer sequences used for qRT-PCR as
follows: PVT1, forward 50-AAAACGGCAGCAGGAAATGT-30,
and reverse 50-GGAGTCATGGGTGTCAGACA-30; GAPDH,
forward 50-AGAAGGCTGGGGCTCATTTG-30, and reverse 50-
AGGGGCCATCCACAGTCTTC-3-30.
2.2. Statistical analysis

Student’s t test was used to compare differences between two
groups. The associations between the PVT1 expressionand clinical
data were calculated using the Chi2-test. Overall survival curves
were determined by the Kaplan–Meier technique and contrasted
via log-rank test. We utilized univariate and multivariate Cox
proportional hazard models to examine the HR and 95% CI.
Statistical analyses were performed with the SPSS 21.0 software
package (SPSS Inc., Chicago, IL) and GraphPad Prism 7 software
(GraphPad Software, Inc.). All P values were two-sided with P
values< .05 indicating statistical significance.

3. Results

3.1. The expression of PVT1 in the MIBC tissues and the
adjacent normal bladder tissues

We profiled PVT1 expression in the 98 pairs of MIBC tissues and
normal bladder tissues by qRT-PCR. The expression levels of
PVT1were significantly higher inMIBC tissues than that innormal
bladder tissues (P< .001, shown in Fig. 1). The median PVT1
expression level of all MIBC tissues was utilized to divide MIBC
patients into 2 groups. Fifty patients were assigned to the high-
expression group, and the remaining 48 patients were assigned to
the low-expression group.

3.2. Correlation between PVT1 expression and
clinicopathological variables of patients with MIBC

We then investigated the correlation of PVT1 expression with
clinicopathological variables of the MIBC patients. As shown
in Table 1, PVT1 expression was correlated with tumor grade
(P= .009), margin (P= .002), T stage (P= .02), and lymph node
metastasis (P< .001). However, PVT1 expression was not
significantly associated with other clinicopathological factors
of patients, including age, sex, and type of urinary diversion (all
P> .05).

3.3. PVT1 up-regulation associates with poor prognosis of
MIBC patients

To evaluate the prognostic value of PVT1 expression in MIBC,
survival curves were constructed by Kaplan–Meier method and
compared by the log-rank test. As shown in Figure 2, MIBC
patients with high PVT1 expression level had shorter overall
survival than those with low PVT1 expression level (log-rank test,



Figure 1. The expression levels of PVT1 were significantly higher in MIBC
tissues than that in normal bladder tissues (P< .001). MIBC=muscle invasive
bladder cancer; PVT1= lncRNA plasmacytoma variant translocation 1.

Table 2

Cox regression model for multivariate analysis of prognostic
factors for muscle-invasive bladder cancer.

Variable HR 95% CI P-value

Age 1.283 0.883–3.197 .101
Gender 0.829 0.627–2.191 .338
Type of urinary diversion 0.772 0.283–1.283 .192
Margin 2.102 1.372–7.293 .041
Tumor grade 2.995 1.846–9.286 .009
T stage 1.921 1.002–5.192 .039
Lymph node metastasis 2.611 1.472–10.539 .008
lncRNA PVT1 expression level 2.381 1.821–7.012 .014

CI=confidence interval; HR=hazard ratio; lncRNA= long noncoding RNAs; PVT1= lncRNA
plasmacytoma variant translocation 1.

Li et al. Medicine (2020) 99:28 www.md-journal.com
P= .004). To determine the possibility of PVT1 as an independent
risk factor for poor prognosis, both clinicopathological factors
and the level of PVT1 expression were evaluated by multivariate
Figure 2. MIBC patients with high PVT1 expression level had shorter overall survi
muscle invasive bladder cancer; PVT1= lncRNA plasmacytoma variant transloca
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Cox regression analysis. Results showed that PVT1 expression
level (HR=2.381, 95% CI: 1.821–7.012, P= .014) was an
independent factor in predicting the overall survival of MIBC
patients (shown in Table 2).

4. Discussion

The main clinical feature of bladder cancer is easy to recurrence
after transurethral resection of bladder tumors (TURBTs) or
partial cystectomy.[26] About 40% of the patients with bladder
cancer experience multiple recurrences, which has a significant
impact on their life quality and survival. Postoperative bladder
instillation chemotherapy or BCG instillation is the most
important means to prevent recurrence of bladder cancer after
surgery.[6,27] Current prognostic strategies, such as tumor grade,
stage, size, and number of foci, have restricted utility for
val than those with low PVT1 expression level (log-rank test, P= .004). MIBC=
tion 1.
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clinicians, given that they do not specifically reflect the clinical
outcomes of bladder cancer patients.[3,28] Therefore, novel
prognostic markers and effective treatment strategies are essential
to improve outcomes for patients with bladder cancer.
Long noncoding RNAs play an important role in various

biological and pathological processes frequently implicated in
cancer, including proliferation, apoptosis, cell cycle progression,
migration, and invasion.[8,29] PVT1 is one of these lncRNAs
which promote the pathophysiology of various cancers. For
example, Ding et al[18] showed that PVT1 was the most amplified
gene in ovarian cancer patients, and it was highly correlated with
poor survival outcomes. Knockdown of PVT1 caused decreased
cell viability, metabolic activity, and smaller proportion of S-
phase cells. PVT1 directly bound to miR-140 and acted as a
microRNA sponge, while transcription of PVT1was regulated by
the transcription factor FOXO4. In conclusion, viability,
metabolism, and cell cycle of ovarian cancer are regulated by
the FOXO4/PVT1/miR-140 signaling pathway. Chang et al[15]

found that PVT1 was upregulated in cervical cancer cells. PVT1
could bind directly with miR-140-5p, and Smad3 was a
downstream target of miR-140-5p. Inhibition of PVT1 could
enhance expression of miR-140-5p, inhibit the expression of
Smad3, significantly inhibit the proliferation, migration, invasion
in cervical cancer cells, revealing that PVT1 could promote the
proliferation and metastasis via increasing the Smad3 expression
by sponging miR-140-5p, which might be a promising prognostic
and therapeutic target for cervical cancer. Xu et al[16] found that
PVT1 expression was up-regulated in esophageal adenocarcino-
ma (EAC) compared with paired Barrett esophagus (BE), and
normal esophageal tissues. High expression of PVT1 was
associated with poor differentiation, lymph node metastases,
and shorter survival. Effective knockdown of PVT1 in EAC cells
resulted in decreased cell proliferation, invasion, colony forma-
tion, tumor sphere formation, and reduced proportion of
ALDH1A1 cells. Lv et al[13] found that PVT1 was upregulated
in glioma tissues relative to controls. Its level was higher in glioma
patients with advanced stage or accompanied by metastasis. The
glioma patients with a high level of PVT1 suffered a worse
prognosis. The overexpression of PVT1 accelerated proliferative
and migratory abilities of U87 and LN229 cells. Furthermore,
PVT1 accelerates the proliferative and migratory abilities of
glioma via downregulating UPF1. Yang et al[22] found that PVT1
levels were markedly up-regulated in the corresponding HCC
tissues. Importantly, they found that PVT1 could facilitate cell
autophagy in HCC cells. Then, they confirmed that the effect of
PVT1 promoting autophagy was dependent on regulating ATG3
expression. Ren et al[20] found that PVT1 was upregulated in
RCC tissues compared with the adjacent normal tissues. PVT1
expression was closely correlated with TNM stage, Fuhrman
grade, lymph node metastasis, and tumor size. Kaplan–Meier
analysis revealed that high expression of PVT1 was significantly
associated with poor overall survival. In accordance, over-
expression of PVT1 was observed in RCC cells comto HK-2 cell.
Silencing of PVT1 significantly repressed cell viability, induced
apoptosis, and inhibited cell migration and invasion in vitro.
Furthermore, bioinformatic analysis and luciferase reporter assay
confirmed thatmiR-16-5pwas a target of PVT1. Silencing of miR-
16-5p mostly reversed the regulatory effects on RCC cells induced
by downregulation of PVT1. These results indicated that targeting
PVT1 might represent a rational therapeutic strategy for RCC.
The role of PVT1 in bladder cancer has also been investigated.

Yu et al[24] found that PVT1 levels were higher in bladder cancer
4

tissues andPVT1 regulatedVEGFC through inhibitingmiR-128 in
bladder cancer cells. Tian et al[25] found that PVT1 was
overexpressed in bladder cancer cells, and it downregulated
miR-31 to enhance CDK1 expression and facilitated bladder
cancer cells proliferation, migration, and invasion. In the present
study,we profiled PVT1 expression in the 98 pairs ofMIBC tissues
and normal bladder tissues by qRT-PCR. The expression levels of
PVT1were significantly higher inMIBC tissues than that innormal
bladder tissues. We then investigated the correlation of PVT1
expression with clinicopathological variables of the MIBC
patients. PVT1 expression was significantly correlated with tumor
grade, margin, T stage, and lymph node metastasis. However,
PVT1 expression was not significantly associated with other
clinicopathological factors of patients, including age, sex, and type
of urinary diversion. To evaluate the prognostic value of PVT1
expression inMIBC, survival curves were constructed by Kaplan–
Meier method and compared by the log-rank test. MIBC patients
with high PVT1 expression level had shorter overall survival than
those with low PVT1 expression level. To determine the possibility
of PVT1 as an independent risk factor for poor prognosis, both
clinicopathological factors and the level of PVT1 expression were
evaluated bymultivariate Cox regression analysis. Results showed
that PVT1 expression levelwas an independent factor in predicting
the overall survival ofMIBCpatients. There are several limitations
in our research. First of all, we only investigated the clinical
significance of PVT1 in bladder cancer. In the future, we need to
study the specificmechanismof its role inbladder cancer. Secondly,
we only investigated it clinical significance in Asian population,
further investigation should be performed in other race.
In summary, increased PVT1 expression in MIBC patients is

correlated with a higher MIBC stage and is significantly
associated with poor prognosis for MIBC patients, which may
provide new insights into new therapeutic strategy and
postoperative intervention against bladder cancer.
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