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Abstract. Biological function of plasmacytoma variant trans-
location 1 (PVT1) in influencing the progression of non‑small 
cell lung cancer  (NSCLC) through Micro ribonucleic 
acid (miRNA)‑526b/EZH2 regulatory loop was elucidated. 
Relative levels of PVT1 and miRNA‑526b in NSCLC tissues 
were detected by quantitative real‑time polymerase chain 
reaction (qRT‑PCR). Prognostic potential of PVT1 in NSCLC 
was assessed by Kaplan‑Meier curves. The interaction among 
PVT1/miRNA‑526b/EZH2 regulatory loop was confirmed 
by dual‑luciferase reporter gene assay. Regulatory effects of 
PVT1/miRNA‑526b/EZH2 axis on viability and wound closure 
of A549 cells were evaluated by cell counting kit‑8 (CCK‑8) 
and wound closure assay, respectively. PVT1 was upregulated 
in NSCLC tissues, while miRNA‑526b was downregulated. 
PVT1 level was negatively related to that of miR‑526 in 
NSCLC tissues. Worse survival was seen in NSCLC patients 
expressing high level of PVT1 compared to those with low 
level. Knockdown of PVT1 attenuated viability and wound 
closure ability in A549 cells, which were partially reversed 
after miRNA‑526b knockdown. miRNA‑526b is the down-
stream target of PVT1 and its level was negatively regulated by 
PVT1. EZH2 is the target gene of miRNA‑526b. Transfection 
of miRNA‑526b mimic remarkably downregulated EZH2 in 
A549 cells. Importantly, the attenuated viability and wound 
closure ability in A549 cells overexpressing miRNA‑526b 
were reversed after EZH2 overexpression. PVT1 is upregulated 
in NSCLC, and predicts a poor prognosis. PVT1 accelerates 
the progression of NSCLC via targeting miRNA‑526b/EZH2 
regulatory loop.

Introduction

Lung cancer is one of the malignant tumors that seriously 
threaten health and lives. The morbidity and mortality rates 
of lung cancer rank first worldwide  (1). Detection rate of 
early‑stage lung cancer is extremely low owing to the atypical 
symptoms and signs (2). Non‑small cell lung cancer (NSCLC), 
includes squamous cell carcinoma and adenocarcinoma, 
accounting for >80% of lung cancer cases  (3). Current 
treatments for NSCLC, such as surgery, radiotherapy and 
chemotherapy have advanced greatly. The 5‑year survival of 
NSCLC, however, is as low as 15% (4). It is urgent to uncover 
the pathogenesis of NSCLC, thus developing sensitive and 
effective approaches for clinical treatment.

Long noncoding RNAs (lncRNAs) can not encode proteins 
and are over 200 nucleotides in length. Functionally, lncRNAs 
are closely linked with gene expression, embryonic develop-
ment, and systematic metabolism. Recently, vital roles of 
lncRNAs in human diseases have been identified. They are 
capable of regulating cellular behaviors, drug resistance and 
epithelial‑mesenchymal transition (EMT) (5‑7). Plasmacytoma 
variant translocation  1  (PVT1) is a recently discovered 
specific lncRNA located on the human chromosome 8q24, 
with a full length of 1716 bp. PVT1 is the downstream gene 
of proto‑oncogene MYC, and its transcription products are 
intronic transcripts (8). PVT1 is upregulated in many types of 
tumors, and closely related to tumor prognosis (9,10).

MicroRNAs (miRNAs) are small noncoding RNAs 
22‑24 nt in length. They are of significance in maintaining 
metabolic functions. Through binding 3'‑untranslated 
region (3'‑UTR) of target genes, miRNAs degrade them or 
suppress their translation, thus downregulating target gene 
expression (11). Abnormally expressed miRNAs are involved 
in tumorigenesis  (12). It is reported that miRNA‑526b is 
downregulated in NSCLC. Overexpression of miRNA‑526b 
remarkably inhibits lung cancer cell proliferation (13).

EZH2 locates on the human chromosome 7q35‑7q36. It 
spans 76,939 bp, and contains 20 exons and 19 introns (14). 
EZH2 participates in the histone deacetylase (HDAC) process 
by interacting with DNA methyltransferases (DNMT), which 
can affect the activity of H3K27me3 (15). In breast cancer 
and prostate cancer, EZH2 influences tumor progression by 
regulating tumor growth and metastasis (16). This study inves-
tigated the function of PVT1/miRNA‑526b/EZH2 regulatory 
loop in the progression of NSCLC.
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Patients and methods

Sample collection. NSCLC tissues and adjacent normal tissues 
were collected from NSCLC patients undergoing radical 
resection in Hainan Provincial People's Hospital (Haikou, 
China) from May 2016 to December 2018. All tissues were 
pathologically confirmed. None of patients had preoperative 
antitumor treatment. This study was approved by the Ethics 
Committee of Hainan Provincial People's Hospital. Signed 
informed consents were obtained from all participants before 
the study.

Cell culture and transfection. A549 cells were cultured in 
Dulbecco's modified eagle medium (DMEM) containing 10% 
fetal bovine serum (FBS; both from HyClone), 100 µg/ml peni-
cillin and 0.1 mg/ml streptomycin, at 37˚C, in 5% CO2 incubator. 
Cells pre‑seeded in a 24‑well plate were cultured at 70% conflu-
ence and transfected using Lipofactamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). Six hours later, complete 
medium was replaced. Sequences of transfection vectors were 
as follows: Si‑PVT1, forward, 5'‑GCUUCUCCUGUU 
GCUGCATT‑3' and reverse, 5'‑UAGCAGCAACAGGAGAAG 
CTT‑3'; Si‑NC, forward, 5'‑GCUACGAUCUGCCCAAGA 
UTT‑3' and reverse, 5'‑AUCUUAGGCAFGAUCGUCGCTT‑3'.

Quantitative real‑time polymerase chain reaction (qRT‑PCR). 
Extraction of total RNA in cells was performed using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RNAs were 
subjected to reverse transcription. The extracted cDNA was 
applied for PCR using SYBR‑Green method. Primer sequences 
were as follows: PVT1, forward, 5'‑TGAGAACTGTCC 
TTACGTGACC‑3' and reverse, 5'‑AGAGCACCAAGACTG 
GCTCT‑3'; glyceraldheyde 3‑phosphate dehydrogenase 
(GAPDH), forward, 5'‑GCACCGTCAAGGCTGAGAAC‑3' and 
reverse, 5'‑TGGTGAAGACGCCAGTGGA‑3'; miRNA‑526b, 
forward, 5'‑CTTGCTTGGAAGGGGCATGCA‑3' and reverse, 
5'‑GTCGTATCCAGTGCAGGGTCCGAGGTA‑3'; U6, forward, 
5'‑AGAAAATCTGCGCTTGGTCGTCC‑3' and reverse, 5'‑TAG 
CCGTGATATCGATGTAGCAA‑3'. EZH2, forward, 5'‑CGG 
GGTACCGAGTCATACTTGTGAAG‑3 and reverse, 5'‑GCA 
CTCGAGCCTGTTTTTGTTTGATG‑3'.

Cell counting kit‑8 (CCK‑8). Cells were seeded in a 96‑well 
plate with 3x103 cells per well and cultured overnight. 
Absorbance (A) at 450 nm was recorded at the appointed time 
using the CCK‑8 kit (Dojindo Laboratories) for depicting the 
viability curves.

Wound closure assay. Cells were inoculated in a 25 mm2 
culture dish in serum‑free medium. After cell adherence, a 
10 µl pipette tip was utilized for scratching an artificial wound. 
After 24‑h culture, wound closure was observed and captured 
(magnification, x40).

Dual‑luciferase reporter gene assay. Wild‑type and mutant‑type 
vectors were constructed based on the binding sites in the 
promoter regions of the genes. Cells were co‑transfected with 
wild‑type/mutant‑type vectors and miRNA‑526b mimic/control 
for 48 h. Then, cells were lysed for determining luciferase 
activity.

Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 22.0 (IBM Corp.) was used for data analyses. Data 
were expressed as mean ±  standard deviation. Intergroup 
differences were analyzed by the t‑test. Spearman correlation 
test was conducted to analyze the relationship between PVT1 
and miRNA‑526b in NSCLC tissues. P<0.05 was considered 
as statistically significant.

Results

Upregulation of PVT1 in NSCLC. PVT1 was found to be upreg-
ulated in NSCLC tissues relative to normal ones (Fig. 1A). 
Kaplan‑Meier analyses revealed that NSCLC patients 
expressing high level of PVT1 suffered worse prognosis than 
those with low level (Fig. 1B). On the contrary, miRNA‑526b 
was downregulated in NSCLC tissues (Fig. 1C). Spearman 
correlation test showed a negative relationship between levels 
of PVT1 and miRNA‑526b in NSCLC tissues (Fig. 1D).

Silence of PVT1 attenuates viability and migration in NSCLC. 
In vitro level of PVT1 was identically upregulated in lung 
cancer cells and normal bronchial epithelial cells (Fig. 2A). 
We constructed si‑PVT1 and tested its transfection efficacy 
in A549 cells (Fig. 2B). CCK‑8 assay indicated an inhibited 
viability in A549 cells transfected with si‑PVT1 (Fig. 2C). 
Silence of PVT1 also reduced the wound closure percentage in 
A549 cells, suggesting suppressed migratory ability (Fig. 2D). 
It is believed that PVT1 stimulated NSCLC to proliferate and 
migrate.

PVT1 influences proliferative and migratory abilities of NSCLC 
by targeting miRNA‑526b. Potential binding sites were predicted 
in promoter regions of PVT1 and miRNA‑526b (Fig. 3A). 
Overexpression of miRNA‑526b quenched the luciferase 
activity in cells transfected with PVT1 WT, verifying the 
binding between PVT1 and miRNA‑526b  (Fig.  3B). By 
transfection of si‑PVT1, miRNA‑526b level in A549 cells was 
remarkably upregulated (Fig. 3C). Interestingly, the reduced 
viability and wound closure percentage in A549 cells with 
PVT1 knockdown were partially reversed after silencing 
of miRNA‑526b (Fig. 3D and E). Hence, miRNA‑526b was 
responsible for the progression of NSCLC regulated by PVT1.

miRNA‑526b influences proliferative and migratory abili‑
ties of NSCLC by downregulating EZH2. The presence of 
binding sites were predicted in promoter regions of EZH2 and 
miRNA‑526b (Fig. 4A). Dual‑luciferase reporter gene assay 
verified the online prediction that EZH2 was the downstream 
target of miRNA‑526b (Fig. 4B). EZH2 level was downregu-
lated in A549 cells overexpressing miRNA‑526b (Fig. 4C). 
Transfection of miRNA‑526b mimic suppressed viability and 
wound closure percentage in A549 cells, and were reversed by 
co‑transfection of pcDNA EZH2 (Fig. 4D and E). As a result, 
EZH2 was involved in miRNA‑526b‑regulated progression of 
NSCLC.

Discussion

NSCLC is a fatal malignancy with high morbidity and 
mortality rates. Most NSCLC patients miss the chance for 
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surgery due to the atypical symptoms in the early stage (17). 
Once tumor metastasis occurs, the NSCLC patients cannot 
undergo radical resection. The prognosis of NSCLC is 
very poor, leading to extremely high mortality (2). Target 

inhibition of metastasis is of significance to improve the clin-
ical outcome of advanced NSCLC patients. Accumulating 
evidence has proposed that dysregulated lncRNAs are closely 
related with the occurrence and progression of NSCLC. 

Figure 1. Upregulation of PVT1 in NSCLC. (A) PVT1 level in NSCLC and normal tissues. (B) Overall survival in NSCLC patients expressing high level 
and low level of PVT1. (C) miRNA‑526b level in NSCLC tissues and normal tissues. (D) A negative correlation between PVT1 and miRNA‑526b in NSCLC 
tissues. PVT1, plasmacytoma variant translocation 1; NSCLC, non‑small cell lung cancer. ***P<0.001.

Figure 2. Silence of PVT1 attenuates viability and migration in NSCLC. (A) PVT1 level in normal bronchial epithelial cells HBE and lung cancer cells A549, 
NCI‑H1650 and HCC827. (B) Transfection efficacy of si‑PVT1 in A549 cells. (C) Viability in A549 cells transfected with si‑NC or si‑PVT1. (D) Wound closure 
in A549 cells transfected with si‑NC or si‑PVT1 at 0 and 24 h (magnification, x40). PVT1, plasmacytoma variant translocation 1; NSCLC, non‑small cell lung 
cancer. ***P<0.001.
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These lncRNAs may be utilized as diagnostic, therapeutic 
and prognostic markers for NSCLC (18,19). Zhu et al (20) 

pointed out that linc00312 is downregulated in NSCLC and 
exerts a tumor‑suppression effect. UCA1 is identified to be 

Figure 3. PVT1 influences proliferative and migratory abilities of NSCLC by targeting miRNA‑526b. (A) Binding sites between PVT1 and miRNA‑526b. 
(B) Luciferase activity in A549 cells co‑transfected with miRNA‑526b mimic/NC and PVT1 WT/PVT1 MT. (C) miRNA‑526b level in A549 cells transfected 
with si‑NC or si‑PVT1. (D) Viability in A549 cells transfected with si‑NC, si‑PVT1 or si‑PVT1 + miRNA‑526b inhibitor. (E) Wound closure in A549 cells 
transfected with si‑NC, si‑PVT1 or si‑PVT1 + miRNA‑526b inhibitor at 0 and 24 h (magnification, x40). PVT1, plasmacytoma variant translocation 1; NSCLC, 
non‑small cell lung cancer. ***P<0.001.

Figure 4. miRNA‑526b influences proliferative and migratory abilities of NSCLC by downregulating EZH2. (A) Binding sites between EZH2 and miRNA‑526b. 
(B) Luciferase activity in A549 cells co‑transfected with miRNA‑526b mimic/NC and EZH2 WT/EZH2 MT. (C) EZH2 level in A549 cells transfected with 
NC or miRNA‑526b mimic. (D) Viability in A549 cells transfected with NC, miRNA‑526b mimic or miRNA‑526b mimic + pcDNA EZH2. (E) Wound closure 
in A549 cells transfected with NC, miRNA‑526b mimic or miRNA‑526b mimic + pcDNA EZH2 at 0 and 24 h (magnification, x40). PVT1, plasmacytoma 
variant translocation 1; NSCLC, non‑small cell lung cancer. ***P<0.001.
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highly expressed in NSCLC tissues (21). Silence of UCA1 
suppresses the malignant proliferative ability of NSCLC. 
Our findings uncovered that PVT1 was upregulated in 
NSCLC tissues and cells. Knockdown of PVT1 remark-
ably attenuated proliferative and migratory abilities of lung 
cancer cells.

Regulatory mechanisms of lncRNAs in mediating cell 
behavior mainly include: i)  lncRNAs regulate promoter 
transcription of target genes; ii) lncRNAs regulate activities 
of RNA polymerase II; iii) lncRNAs and transcripts of target 
genes contribute to the formation of complementary double 
strands; iv) lncRNAs regulate protein activities by binding 
to them; v)  lncRNAs alter the intracellular localization of 
target proteins. Recently, a novel regulatory mechanism was 
proposed. lncRNAs can silence target miRNA‑mediated 
gene expression through sponging these miRNAs, that is, 
the ceRNA hypothesis (22). Previous studies have discovered 
many miRNAs that are related to NSCLC metastasis (23). 
Hence, we speculated that PVT1 may serve as a ceRNA to 
target certain miRNAs, thus influencing the progression of 
NSCLC. Through bioinformatics prediction and dual‑lucif-
erase reporter gene assay verification, miRNA‑526b was 
confirmed to be the downstream target of PVT1. Functional 
experiments confirmed that miRNA‑526b was necessary for 
PVT1‑regulated NSCLC progression.

Upregulation of EZH2 in tumor diseases markedly 
stimulates proliferative rate of tumor cells. During B cell 
differentiation in lymphoid tissues, EZH2 exerts a vital 
function (24). EZH2 is also a prognostic marker. High level 
of EZH2 predicts worse prognosis in breast cancer and 
bladder cancer  (25). A relevant study demonstrated that 
overexpression of miR‑138 induced apoptosis and arrested 
cell cycle in lung cancer cells by downregulating EZH2 (26). 
In this study, the presence of binding sites between EZH2 
and miRNA‑526b was identified. Importantly, the attenu-
ated viability and wound closure ability in A549 cells 
overexpressing miRNA‑526b were reversed after EZH2 
overexpression.

Collectively, PVT1/miRNA‑526b/EZH2 regulatory loop 
was discovered accelerating the malignant progression of 
NSCLC via influencing tumor cell proliferation and migration. 
Our findings provide new directions for clinical treatment of 
NSCLC.

In conclusion, PVT1 is upregulated in NSCLC, and 
predicts a poor prognosis. PVT1 accelerates the progression 
of NSCLC via targeting miRNA‑526b/EZH2 regulatory 
loop.
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