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Background: LncRNAs have recently emerged as vital regulators in the pathogenesis and 

development of various cancers. LncRNA PVT1 is reported to function as an oncogene in some 

tumors. However, the role of PVT1 in RCC remains unknown.

Purpose: To explore the potential effects of lncPVT1 on the development of renal cell carcinoma.

Methods: The expression of PVT1 in renal cancer cell lines and tissues was measured by 

qRT-PCR. The endogenous PVT1 was silenced by RNAi. Cell viabilities were measured 

by the MTT assay. The migration and invasion of cells were investigated by the transwell assay. 

The apoptosis of cells was measured by the Nucleosome ELISA and caspase-3 activity assays. 

The levels of proteins were measured by the western blot.

Results: We 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, overexpression 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 that miR-16-5p was a target of PVT1. Silencing of 

miR-16-5p mostly reversed the regulatory effects on RCC cells induced by downregulation of PVT1.

Conclusion: In summary, our study indicates that targeting PVT1 might represent a rational 

therapeutic strategy for RCC.
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Introduction
Renal cell carcinoma (RCC) is one of the most common cancers and accounts for about 

3% of all human malignancies.1 The incidence of RCC has gradually increased over 

2 decades.2 RCC is heterogeneous and can be divided into four subtypes as follows: 

clear cell RCC (ccRCC), chromophobe RCC (chRCC), renal oncocytoma (RO) and 

papillary RCC (pRCC). Among them, ccRCC is the most common subtype and 

accounts for around 70%–80% of all RCC cases.3 Despite the progress of novel thera-

peutic agents, it is still difficult to treat patients with metastatic RCC, and the prognosis 

remains poor.4 Therefore, a better understanding of the mechanisms involved in the 

development of RCC and more effective therapeutic strategies are urgently needed.

Long non-coding RNAs (lncRNAs) are a group of RNA molecules longer than 

20 nucleotides that are not translated into proteins.5 Mounting evidence suggests that 
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lncRNAs act as major regulators of various biological activities 

such as proliferation, homeostasis, differentiation, apoptosis 

and metastasis.6,7 LncRNAs could act as a competing endog-

enous RNA (ceRNA) and sponge micro-RNAs (miRNAs), 

thus affecting the expression of various proteins. Therefore, 

lncRNAs have been regarded as vital players in cancer 

research, and many studies have found that some lncRNAs 

function as tumor inhibitors, oncogenes, or both, under differ-

ent circumstances.8 LncRNA plasmacytoma variant transloca-

tion 1 (PVT1) has been found to be dysregulated in various 

cancers. For example, PVT1 could promote tumor progression 

via interacting with FOXM1 in gastric cancer.9 Overexpression 

of PVT1 is a poor prognostic biomarker and promotes migra-

tion and invasion in colorectal cancer.10 PVT1 also promotes 

cervical cancer progression by acting as a molecular sponge to 

negatively regulate miR-424.11 However, little is known about 

the expression level and functional roles of PVT1 in RCC.

The aim of the present study is to investigate the role of 

PVT1 in RCC. We found that PVT is upregulated in RCC 

tissues and cells. We also examined the effects of PVT1 

on cell proliferation, migration, invasion and apoptosis. 

Moreover, we found that PVT acted as a ceRNA by nega-

tively regulating miR-16-5p. Taken together, our findings 

may contribute to the development of effective clinical 

interventions against RCC.

Materials and methods
clinical samples
A total of 25 patients with pathologically confirmed clear 

cell RCC (ccRCC) were enrolled in this study. None of them 

received preoperative chemotherapy and/or radiotherapy. 

Tissues were frozen in liquid nitrogen immediately after 

surgery and subsequently stored at -80°C. They were 

classified according to the TNM classification and criteria 

of WHO. Written informed consent was obtained from 

all patients. The ethics committee of Wenzhou Medical 

University approved this study. The study was conducted 

in accordance with the Declaration of Helsinki.

cell culture
Normal renal epithelial cells (HK-2) and renal cancer cell 

lines (A498, 786-O, ACHN and Caki-1) were purchased 

from American Type Culture Collection (ATCC, Manassas, 

VA, USA). All cells were maintained in RPMI 1640 medium 

(HyClone, Logan, UT, USA) supplemented with 10% FBS, 

100 U/mL of penicillin and 50 μg/mL of streptomycin (Thermo 

Fisher Scientific, Waltham, MA, USA). All cells were main-

tained in a humidified incubator with 5% CO
2
 at 37°C.

rna isolation and quantitative real-time 
(qrT-Pcr)
Total RNA was isolated from tissues and cell lines using 

TRizol reagent (Thermo Fisher Scientific) according to the 

manufacturer’s instructions. The cDNA was synthesized 

from 200 ng of extracted total RNA using the First Strand 

cDNA Synthesis Kit (Takara, Dalian, China). For the mea-

surement of miRNA expression, miRNA cDNA was synthe-

sized using the TaqMan MicroRNA Reverse Transcription 

Kit (Thermo Fisher Scientific). qRT-PCR was performed 

with SYBR Green (Takara), and the data collection was 

performed on the Applied Biosystem 7500 system. The 

primers were synthesized by Genescript (Nanjing, China). 

The relative expression level of the indicated genes was 

normalized to GAPDH or U6; expression fold changes were 

calculated using 2-ΔΔCt methods; and each reaction was 

performed in triplicate. Following primers are used for qRT-

PCR: PVT1: forward 5′-ATAGATCCTGCCCTGTTTGC-3′; 
reverse 5′-CATTTCCTGCTGCCGTTTTC-3′; miR-16-5p: 

forward 5 ′-TCCACTCTAGCAGCACGTAAAT-3 ′; 
reverse 5′-TCACACTAAAGCAGCACAGTAAT-3′; and 

GAPDH: forward 5′-GGAGCGAGATCCCTCCAAAAT-3′; 
reverse 5′-GGCTGTTGTCATACTTCTCATGG-3′.

Plasmid construction, oligonucleotide and 
transfection
Two short hairpin RNA (shRNA) sequences targeting PVT1 

(sh-PVT1 1 and sh-PVT1 2) or negative control (sh-NC) were 

designed by Genepharm Co. Ltd. (Shanghai, China). After 

annealing, double strands of shRNA were inserted into lenti-

viral pU6-Luc-Puro vector (Genepharm Co. Ltd.). pcDNA3.1 

vectors containing full length PVT1 or mutant PVT1 were 

obtained from RioBio (Guangzhou, China) and transfected 

into cells using Lipofectamine 2000 (Thermo Fisher Scientific). 

The miR-16-5p mimics, inhibitor and negative control were 

synthesized by Genepharma (Shanghai, China) and transfected 

into cells using Lipofectamine 2000 (Thermo Fisher Scientific).

Dual luciferase reporter assay
The wild-type lncRNA-PVT1 and a mutant lncRNA-PVT1 

sequence (mutant in miR-16-5p binding site) were cloned 

into pmirGLO plasmid. The pmirGLO-lncRNA-PVT1 or 

pmirGLO-lncRNA-PVT1-mut was co-transfected with miR-

16-5p mimics or miRNA negative control (miR-NC) by Lipo-

fectamine 2000 (Thermo Fisher Scientific). Luciferase activity 

was determined by the Dual-luciferase Reporter Assay System 

(Promega Corporation, Fitchburg, WI, USA). The luciferase 

activity was normalized to Renilla luciferase activity.
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cell viability assay
Cell viability was measured as described by Yu et al.12 

Cells were seeded onto 96-well plates at a density of 5,000 

per wells. After transfection, 20 μL of 5 mg/mL MTT 

(Sigma-Aldrich Co., St Louis, MO, USA) was added into 

each well and incubated for 4 h at 37°C. The supernatant was 

then removed and 200 μL of dimethyl sulfoxide (DMSO) was 

added. Optical density at 450 nm was measured using a micro-

plate reader (Bio-Rad Laboratories Inc., Hercules, CA, USA).

Migration and invasion assays
Migration and invasion assays were performed using a 

24-well Transwell chamber (8 μm; Costar, Boston, MA, 

USA) with or without Matrigel (BD Biosciences, San Jose, 

CA, USA). After transfection, cells in serum-free media were 

added into upper chamber. Media containing 10% FBS were 

added into the bottom chamber. The setup was incubated in 

the 37°C humidified CO
2
 for 48 h. Cells that passed through 

the filter were fixed with 4% paraformaldehyde and stained 

with 0.5% crystal violet. The number of migratory and inva-

sive cells was counted in five randomly selected high-power 

fields under a microscope.

Measurement of apoptosis
Apoptosis was assayed using Nucleosome ELISA kit (Merck 

Millipore, Billerica, MA, USA) according to previous 

reports.13 After transfection, the cell lysate and the biotinyl-

ated detector antibody were added (in triplicate) in the 96-well 

plate coated with DNA-binding protein at a cell density of 

1×106 per well. Then, mono-and oligonucleosomes were cap-

tured on pre-coated DNA-binding proteins. The anti-histone 

3 (H3) biotin-labeled antibody was then bound to the his-

tone component of captured nucleosomes and was detected 

following incubation with streptavidin-linked horseradish 

peroxidase (SA-HRP) conjugate. HRP catalyzed the conver-

sion of colorless tetramethylbenzidine to blue. The addition 

of stop solution changed the color to yellow, the intensity of 

which was proportional to the number of nucleosomes in the 

sample. The absorbance was measured by a microplate reader 

(Bio-Rad Laboratories Inc.) at a wavelength of 450 nm. 

The induction of apoptosis was evaluated by assessing 

the enrichment of nucleosome in the cytoplasm and deter-

mined exactly as described in the manufacturer’s protocol.

caspase activity assays
Caspase-3 activity was assayed using the Caspase-3 activity 

assay kit (Beyotime, Beijing, China) according to the manu-

facturer’s instructions.

Western blot
Cell lysates were obtained using RIPA lysis buffer 

(Beyotime), and the protein concentrations were determined 

by a BCA protein assay kit (Pierce, Rockford, IL, USA). 

20–50 μg of the proteins were separated by SDS-PAGE 

gels and transferred onto a polyvinylidene fluoride (PVDF) 

membrane (Merck Millipore). Antibodies against caspase-3, 

Bcl-2, Mcl-1, Bcl-xl, E-cadherin, N-cadherin and Vimentin 

were obtained from Cellular Signaling Technology (Danvers, 

MA, USA). GAPDH was purchased from Sigma-Aldrich Co. 

PVDF membrane was incubated with primary antibody over-

night at 4°C. Then, HRP-conjugated goat anti-rabbit and sheep 

anti-mouse IgG (Cellular Signaling Technology) were used as 

secondary antibodies, and the immunoblots were visualized by 

using ECL Reagents (Pierce) followed by densitometry using 

the ImageJ software (NIH, Bethesda, MD, USA).

statistical analyses
Statistical analyses were performed using SPSS 16.0 

(SPSS Inc., Chicago, IL, USA) or Prism 6.0 (GraphPad 

Software, Inc., La Jolla, CA, USA). Data were obtained 

from at least three independent experiments and presented 

as mean ± SD. The significance of differences was deter-

mined using Student’s t-test for two groups, and one-way 

ANOVA was used for more than two groups. Kaplan–Meier 

analysis and log-rank test were used for survival analysis. 

P-value ,0.05 was considered to be statistically significant.

Results
PVT1 was upregulated in rcc tissues 
and cells
First, we measured the expression of PVT1 in 25 paired RCC 

(all ccRCC) tissues and adjacent normal tissues using qRT-

PCR. As shown in Figure 1A, we observed significantly higher 

expression of PVT1 in the RCC tissues compared to normal 

tissues (P,0.001). Subsequently, the expression of PVT1 in 

RCC cells was further measured. As expected, PVT1 expres-

sion was also upregulated in RCC cells (A498, 786-O, ACHN 

and Caki-1) compared with human normal renal epithelial 

cells (HK-2) (Figure 1B). Caki-1 exhibited the highest level 

of PVT1, followed by 786-O cells. Thus, Caki-1 and 786-O 

cells were chosen for further analysis. Kaplan–Meier analysis 

of the 60-month follow-up survival survey demonstrated that 

high expression of PVT1 indicated poor survival of patients 

(P=0.007; Figure 1C). Next, we studied the relationship 

between PVT1 expression and several clinical parameters. 

A median value of PVT1 expression (2.53) in 25 RCC tis-

sues was used to divide these patients into high-expression 

and low-expression groups. As indicated in Table 1, PVT1 
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Table 1 correlations between clinical features and the expres-
sion of PVT1 in rcc patients

Variables Number Expression of PVT1 P-value

Low High

sex 0.179

Male 15 7 8

Female 10 6 4

age, years 0.413

#60 5 3 2

.60 20 11 9

TnM stage 0.007

i 9 4 5

ii–iV 16 5 11

Fuhrman grade 0.002

g1–g2 7 3 4

g3–g4 18 6 12

lymph node 
metastasis

0.016

Yes 14 6 8

no 11 6 5

Tumor size, cm 0.024

#7 20 13 7

.7 5 3 2

Abbreviations: PVT1, plasmacytoma variant translocation 1; rcc, renal cell carcinoma.

Figure 1 PVT1 is upregulated in rcc and correlated with clinical outcome of rcc patients.
Notes: (A) The expression levels of PVT1 in 25 pairs of rcc tissues and matched adjacent normal tissues were determined by qrT-Pcr. (B) The levels of PVT1 were 
measured by qrT-Pcr in rcc cell lines and immortalized normal human proximal tubule epithelial cell line hK-2. (C) Kaplan–Meier curve indicated that rcc patients with 
high expression of PVT1 had a worse overall survival compared to patient with low expression of PVT1. The experiments were repeated three times. The data are expressed 
as mean ± sD. *P,0.05, **P,0.01 and ***P,0.001.
Abbreviations: PVT1, plasmacytoma variant translocation 1; qrT-Pcr, quantitative real-time Pcr; rcc, renal cell carcinoma.

was closely associated with TNM stage (P=0.007), Fuhrman 

grade (P=0.002), lymph node metastasis (P=0.016) and tumor 

size (P=0.024). However, no significant correlations were 

observed between PVT1 expression and other clinicopatho-

logical factors, such as gender and age. These findings provide 

initial evidence that aberrant expression of PVT1 might be 

involved in tumorigenesis and development of RCC.

PVT1 promotes the malignant 
phenotypes of rcc cells
In order to elucidate the function of PVT1 in RCC progression, 

sh-PVT1 1 and sh-PVT1 2 were used to decrease the expres-

sion of PVT1 in 786-O and Caki-1 cells, and the transfection 

efficiency was tested using qRT-PCR (Figure 2A). Prolifera-

tion of 786-O and Caki-1 cells was determined in response to 

PVT1 knockdown by MTT assay, and results showed that the 

proliferation of both 786-O and Caki-1 cells was significantly 

repressed after silencing of PVT1 (Figure 2B). Then, transwell 

assay was conducted to determine the effect of downregula-

tion of PVT1 on RCC cell invasion and migration. The data 

implied that silencing of PVT1 remarkably attenuated the 

number of migrated and invaded cells compared with control 
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sh-NC-transfected cells (Figure 2C and D). Taken together, 

the abovementioned findings suggested that PVT1 might 

exert tumorigenic activity in RCC cells.

Downregulation of PVT1 promotes 
apoptosis and suppresses epithelial–
mesenchymal transition (eMT) of 
rcc cells
Nucleosome ELISA assay was performed as described earlier 

to examine the effect of PVT1 on the apoptosis of RCC cells. 

As indicated in Figure 3A, increased apoptosis was observed 

in 786-O and Caki-1 cells transfected with sh-PVT1. To 

further confirm the effect of PVT1 on the apoptosis, the 

activation of caspase-3 was measured using fluorometric 

enzyme assay and Western blot. It was found that activity and 

cleavage of caspase-3 were increased after silencing of PVT1 

(Figure 3B and C). It was well documented that the process 

of apoptosis was subjected to the regulation of Bcl-2 family 

protein.14,15 We detected the levels of Bcl-2 family proteins 

by Western blot. As shown in Figure 3C, the expression of 

Bcl-2, Mcl-1 and Bcl-xl was downregulated after silencing 

of PVT1. EMT progression is of great importance for the 

progression of RCC.16 Then, we attempted to explore whether 

PVT1 could affect the EMT progression of RCC cells. As 

indicated in Figure 3D, depletion of PVT1 resulted in upregu-

lation of E-cadherin as well as downregulation of N-cadherin 

and Vimentin. Overall, the abovementioned findings pointed 

to PVT1 as a regulator of apoptosis as well as EMT.

PVT1 interacts with mir-16-5p and acts 
as its sponge
It has been reported that there are interactions between 

the lncRNAs and miRNAs in the tumorigenesis of various 

cancers.17 To address the regulatory mechanism of PVT1, 

the potential targeted miRNAs of PVT1 were forecasted by 

bioinformatics analysis software, including Starbase and 

TargetScan. As a result, miR-16-5p was obtained as the can-

didate miRNA (Figure 4A). To verify whether PVT1 could 

Figure 3 (Continued)
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Figure 4 PVT1 is a target of mir-16-5p.
Notes: (A) The predicted mir-16-5p binding sites in PVT1 mrna 3′-UTr. (B) 293 cells were transfected with luciferase reporter gene driven by either the wild-type PVT1 
3′-UTr sequence containing the mir-16-5p binding site (PVT1-wt) or the mutant PVT1 3′-UTr sequence (PVT1-mut). The luciferase activity was measured and compared 
between cells treated with mir-nc and mir-16-5p mimic. (C and D) The mir-16-5p expression level was determined by qrT-Pcr when rcc cells were transfected with 
pcDna3.1-PVT1 (PVT1) or sh-PVT1. The experiments were repeated three times. The data are expressed as mean ± sD. **P,0.01, ***P,0.001.
Abbreviations: nc, negative control; PVT1, plasmacytoma variant translocation 1; qrT-Pcr, quantitative real-time Pcr; rcc, renal cell carcinoma.

Figure 3 silencing of PVT1 induces apoptosis and represses epithelial–mesenchymal transition.
Notes: (A) apoptosis was assayed in 786-O and caki-1 cells after silencing of PVT1. (B) caspase-3 activity of 786-O and caki-1 cells was assayed after silencing of PVT1. 
(C and D) Total cellular lysates were subjected to the Western blot analysis with the indicated antibodies. The experiments were repeated three times. The data are 
expressed as mean ± sD. ***P,0.001.
Abbreviation: PVT1, plasmacytoma variant translocation 1.
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directly interact with miR-16-5p, the full-length PVT1 or the 

mutant PVT without the putative binding site was cloned into 

the pMir-Reporter vector named PVT1-wt and PVT1-mut, 

respectively. The plasmids were transfected into 293 cells 

together with miR-16-5p mimic or the negative control. 

The results revealed that luciferase activity of PVT1-wt was 

significantly reduced by miR-16-5p mimic (Figure 4B). By 

contrast, the luciferase activity of PVT1-mut presented little 

changes (Figure 4B). In order to further verify the influence 

of PVT1 on miR-16-5p expression, 786-O and Caki-1 cells 

were transfected with pcDNA3.1-PVT1 or sh-PVT1. As 

shown in Figure 4C, cells with PVT1 overexpression showed 

significantly decreased miR-16-5p expression. Conversely, 

cells transfected with sh-PVT1 presented remarkably 

increased miR-16-5p expression (Figure 4C and D). Collec-

tively, these findings suggested that PVT1 was a direct target 

of miR-16-5p, and miR-16-5p/PVT1 axis was a possible 

mechanism underlying the progression of RCC.

inhibition of mir-16-5p partly 
reversed regulatory effects induced by 
downregulation of PVT1
Then, miR-16-5p inhibitor was transfected into RCC cells 

to repress miR-16-5p expression, which was upregulated 

by PVT1 downregulation. As indicated in Figure 5A, 

transfection of miR-16-5p inhibitor significantly repressed 

Figure 5 mir-16-5p reverses the effects of silencing of PVT1 in rcc cells.
Notes: (A) expression of mir-16-5p in rcc cells transfected with nc or mir-16-5p inhibitor. (B) MTT assay showed the proliferation of 786-O and caki-1 cells 
transfected with sh-nc or sh-PVT-1 along with nc inhibitor or mir-16-5p inhibitor. (C) PVT1 and mir-199 expression levels were detected by qrT-Pcr assays at 48 h after 
transfection. (D) Migration and (E) invasion of 786-O and caki-1 cells were measured by transwell assay after transfection with sh-nc or sh-PVT-1 along with nc inhibitor 
or mir-16-5p inhibitor. The experiments were repeated three times. The data are expressed as mean ± sD. *P,0.05, **P,0.01 and ***P,0.001.
Abbreviations: nc, negative control; PVT1, plasmacytoma variant translocation 1; qrT-Pcr, quantitative real-time Pcr; rcc, renal cell carcinoma.
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the expression of miR-16-5p. Furthermore, we investigated 

whether miR-16-5p was involved in the effects of PVT1 

on proliferation, migration and invasion. As indicated in 

Figure 5B, transfection of miR-16-5p inhibitor partly reversed 

the effect of silencing of PVT1 on cell proliferation in RCC 

cells. Furthermore, we found that the inhibition of miR-16-5p 

could reduce the sh-PVT1-mediated promotive effect on miR-

16-5p expression (Figure 5C). In addition, transwell analysis 

further confirmed that transfection of miR-16-5p also partly 

reversed the effect of downregulation of PVT1 on migration 

and invasion of RCC cells (Figure 5D and E). These find-

ings suggested that PVT1 promoted the RCC proliferation, 

migration and invasion at least partly via negatively regulating 

the miR-16-5p.

inhibition of mir-16-5p partly abrogates 
apoptosis and inhibition of eMT caused 
by silencing of PVT1
Furthermore, we investigated whether miR-16-5p mediated 

the apoptosis and inhibition of EMT induced by PVT1 down-

regulation on RCC cell lines. Our data indicated that over-

expression of miR-16-5p inhibitor significantly attenuates 

the apoptosis (Figure 6A), activity of caspase-3 (Figure 6B) 

and cleavage of caspase-3 (Figure 6C) induced by silencing 

of PVT1. Moreover, the upregulation of E-cadherin and 

downregulation of N-cadherin and Vimentin, caused by 

silencing of PVT1, could be abrogated by ectopic expression 

of miR-16-5p inhibitor (Figure 6D). Taken together, these 

results further indicated that PVT1 exerts its oncogene func-

tion via negative regulation of miR-16-5p.

Discussion
LncRNAs are emerging as vital players in tumor biology. 

Mounting evidence indicated that lncRNAs, which may 

function as oncogenes or tumor suppressors, participated in 

the carcinogenesis and progression of various tumors includ-

ing RCC.7,17 LncRNA PVT1 locates at chromosome 8q24, 

which is an area with frequent copy number amplification.18 

A number of studies have indicated that overexpression 

of PVT1 was associated with tumor progression and poor 

survival in various cancers.19 Although it was found that 

high expression of PVT1 predicts unfavorable prognosis in 

patients with ccRCC,20 little is known about the function of 

PVT1 and its molecular mechanism in RCC. In the present 

study, we studied the pattern of PVT1 expression in RCC 

tissues and cell lines. Moreover, the potential prognosis 

significances of PVT1 in RCC patients and its effect in RCC 

cells were investigated.

In our study, we found that PVT1 was significantly 

overexpressed in RCC tissues and cell lines. More impor-

tantly, knock-down of PVT1 significantly repressed cell 

proliferation, migration, invasion and induced apoptosis. 

Our findings are similar to previous studies in which PVT1 

contributed to the oncogenesis of pancreatic cancer, hepato-

cellular carcinoma, cervical cancer and bladder cancer.11,21–23 

Collectively, these findings suggested that PVT1 may 

function as an oncogene in RCC and upregulation of PVT1 

contributes to RCC development and progression.

Although PVT1 is involved in the progression of various 

cancers, little is known about the underlying mechanism. 

EMT is an essential process for tumor invasion and metas-

tasis. Amounting evidence indicates that some lncRNAs 

can promote metastasis via regulation of critical proteins 

thereby triggering migration and invasion.24 In our study, 

hallmark proteins of mesenchymal cells such as N-cadherin 

and Vimentin were downregulated while hallmark protein 

of epithelial cell such as E-cadherin was upregulated after 

silencing of PVT1. Our findings are in accordance with 

Figure 6 (Continued)
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Figure 6 (Continued)
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Figure 6 mir-16-5p inhibitor abrogates the apoptosis and repression of eMT caused by silencing of PVT1. (A) apoptosis and (B) caspase-3 activity were assayed in 786-O 
and caki-1 cells after transfection with sh-nc or sh-PVT1s along with nc inhibitor or mir-16-5p inhibitor. (C and D) 786-O and caki-1 cells were transfected with sh-nc or 
sh-PVT1s along with nc inhibitor or mir-16-5p inhibitor, and then total cellular lysates were subjected to Western blot analysis with indicated antibodies. The experiments 
were repeated three times. The data are expressed as mean ± sD. *P,0.05, **P,0.01 and ***P,0.001.
Abbreviations: nc, negative control; eMT, epithelial–mesenchymal transition; PVT1, plasmacytoma variant translocation 1.

previous studies in which PVT1 could promote EMT in 

pancreatic, cervical and esophageal cancer cells.25–27 Overall, 

these findings suggested that PVT1 promotes RCC progres-

sion via modulating the EMT process.

The mechanisms by which lncRNA exert their effects 

are diverse; among them the mechanism by which lncRNAs 

function as miRNA sponge to regulate endogenous miRNAs 

is important. By using bioinformatics analysis software, we 

identified some candidate miRNAs that might bind with 

PVT1, including miR-16-5p. Besides bioinformatics analysis, 

luciferase reporter assay also defined that miR-16-5p is the 

target of PVT1. Moreover, miR-16-5p inhibitor could partly 

reverse the regulatory effects of downregulation of PVT1. 

According to previous studies, miR-16-5p is downregulated 
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and acts as a tumor inhibitor in giant cell tumor of bone.28 

In addition, downregulation of miR-16-5p is associated with 

severe progression of gastric cancer.29 Taken together, these 

findings imply that miR-16-5p may function as a tumor 

inhibitor. To date, there is little knowledge about the role 

of miR-16-5p in RCC, and it would be interesting to further 

investigate the function of miR-16-5p in the tumorigenesis 

of RCC. However, noteworthy, we found that inhibition of 

miR-16-5p cannot fully reverse the effects of knockdown of 

PVT1. It indicates that PVT1 may also be acting via other 

molecules/pathways, and further investigation is required 

to test this.

Conclusion
Altogether, we have described the clinicopathological fea-

tures and the function of PVT1 in RCC cell proliferation, 

migration, invasion, apoptosis and EMT. In this study, PVT1 

acts as a molecular sponge for miR-16-5p. Our findings sug-

gest that PVT1 may serve as a novel therapeutic target for 

RCC treatment. However, there are still drawbacks in our 

research. For example, the clinical samples are relatively 

small and there is lack of in vivo data. In addition, the target of 

miR-16-5p is not investigated in our study. In the future, we 

will examine the function of PVT1 in vivo and the molecular 

mechanisms of miR-16-5p in the development of RCC.
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