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Abstract. Oral squamous cell carcinoma (OSCC) is a cancer 
with high morbidity and mortality. Research has demonstrated 
that long non-coding RNAs (lncRNAs) are critical for tumor 
initiation and development. In the present study, we aimed to 
ascertain the functions and potential mechanisms of lncRNA 
plasmacytoma variant translocation 1 (PVT1) in OSCC. Firstly, 
we found that the expression of PVT1 was increased in human 
OSCC tumor tissues and it was related to reduced survival 
of the patients. Furthermore, miR-150-5p expression was 
downregulated in OSCC tumor tissues and it was negatively 
related with PVT1. Moreover, GLUT-1 protein expression was 
upregulated in human OSCC tumor tissues. In addition, cell 
proliferation capacity was measured by CCK-8 assay and cell 
invasion and migration were measured by Transwell assay. 
PVT1 overexpression promoted cell proliferation, invasion 
and migration, while these effects were abrogated by PVT1 
downregulation. In addition, luciferase gene reporter assay 
verified the miR-150-5p directly binds with PVT1, which 
regulates the biological functions of OSCC. Additionally, 
luciferase gene reporter assay confirmed that GLUT‑1 was 
a target for miR-150-5p. The promotion of cell proliferation, 
invasion and migration in LV-PVT1-transfected cells was 
eliminated following miR-150-5p overexpression. Finally, 
in vivo nude mouse xenograft model further verified that 
PVT1 knockdown inhibited tumor growth, formation, invasion 
and migration. According to the results, PVT1 is increased 
in human OSCC tumor tissues, and is related to the poor 
prognosis of human OSCC patients. We uncovered a previously 
unappreciated PVT1/miR-150-5p/GLUT-1 signaling axis that 
promotes cell proliferation, invasion, migration and inhibits 

apoptosis in OSCC cell lines and in vivo, which suggests that 
this axis could be a target for the treatment of OSCC.

Introduction

Oral squamous cell carcinoma (OSCC) is a malignant 
epithelial cancer that threatens the health of individuals 
worldwide and OSCC frequently occurs in the tongue and 
buccal mucosa (1-3). The 5-year survival for human OSCC 
patients is approximately 50% and the incidence of OSCC is 
still increasing with a reported annual incidence worldwide 
of approximately 275,000 (4,5) and 50,000 in China (6). 
However, the detailed mechanisms of the tumor formation, 
progression and metastasis of OSCC require further in-depth 
research. Therefore, it has been a difficult quest for researchers 
to elucidate the mechanisms of OSCC progression and metas-
tasis and to identify new methods for the early diagnosis and 
treatment for OSCC.

Long non-coding RNAs (lncRNAs) are a diverse class of 
RNA transcripts longer than 200 nucleotides that have limited 
protein coding capacity (7,8). lncRNAs have been found to 
participate in various biological processes in cancers such 
as cervical cancer, prostate carcinoma, epithelial ovarian 
cancer and breast cancer, including tumorigenesis, metastasis 
and chemotherapy resistance (9-12). Recent evidence shows 
that lncRNAs play oncogenic or tumor-suppressor roles 
in OSCC (13-15). For example, LINC01133 was found to 
inhibit OSCC metastasis by regulating GDF15 (14). Zhu et al 
demonstrated that the upregulation of lncHAS2-AS1 plays 
important roles in the invasiveness of OSCC (13). Jin et al 
found that lncRNA MORT inhibited cell proliferation by 
repressing ROCK1 in OSCC (15). lncRNA plasmacytoma 
variant translocation 1 (PVT1) has been demonstrated to be 
increased and to function as an oncogenic gene to promote 
tumor formation, invasion, migration and resistance in many 
types of cancers (16-21), such as glioma (16), colorectal 
cancer (17), gastric cancer (18), ovarian cancer (19) and gall-
bladder cancer (20). However, the roles of PVT1 in OSCC 
remain unknown.

MicroRNAs (miRNAs/miRs) are approximately 
18-22 nucleotides in length and cannot be translated into 
protein as well, yet miRNAs are verified to play critical roles 
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in the biological functions of various diseases via directly 
targeting downstream target genes (22-26). Salmena et al 
firstly reported that lncRNAs interact with miRNAs through 
‘competing endogenous RNAs’ (ceRNAs), which indicate 
that lncRNAs interact with miRNAs (27,28) and this hypoth-
esis has been proven in various pathological conditions and 
diseases (29-33). miR-150-5p was found to participate in the 
biological processes of various cancers (34-36). For example, 
miR-150-5p is important in inhibiting the metastasis of human 
non-small cell lung cancer (NSCLC) (35). Chen et al demon-
strated that miR-150-5p repressed progression of colorectal 
cancer (36). Lu et al revealed that miR-150-5p participated 
in the processes of proliferation, migration and invasion in 
NSCLC (34). However, whether it plays similar roles in OSCC 
remains unknown.

In the present study, we investigated expression levels of 
PVT1 in OSCC tissues and adjacent tissues. Then we observed 
cell proliferation, invasion and migration in OSCC cells after 
PVT1 was overexpressed and downregulated. Bioinformatics 
predicted that PVT1 may competitively bind with miR-150-5p, 
which could then target by binding with glucose transporter 
type 1 (GLUT1). GLUT1 was reported to be an oncogenic 
gene that was associated with tumor cell proliferation, tumori-
genesis, glucose metabolism and resistance in some cancers, 
such as urinary bladder, non-small cell lung and prostate 
cancer (37-39). We uncovered that expression of PVT1 was 
increased in human OSCC patients and cell lines. As a result, 
we aimed to ascertain the functions of PVT1 in OSCC. The 
results revealed that PVT1 expression is increased in OSCC 
tissues and it plays some roles in OSCC, such as regulating cell 
proliferation, cell apoptosis, invasion and migration in OSCC.

Materials and methods

Patient tissues. A total of 70 paired cancer and adjacent tissues 
were collected from patients with OSCC from October 2012 
to September 2013 at the First Affiliated Hospital of Jinzhou 
Medical University (Jinzhou, Liaoning, China). Totally, 34 male 
and 36 female patients were recruited and their mean age was 
48.4±10.3 years. All tissues were cut into small pieces approxi-
mately 40 mg and frozen at ‑80˚C. Two groups were divided 
according to the mean expression of PVT1: PVT1 high expres-
sion and low expression groups. The Declaration of Helsinki was 
consulted during the human study. We received informed consent 
from all patients and the study was approved by the Faculty of 
Medicine's Ethics Committee of The First Affiliated Hospital of 
Jinzhou Medical University (ethical approval no. JYD160923).

Cell culture. Human normal oral epithelial cell line NOK 
and OSCC cell lines, including SCC-090, SCC-25 and 
CAL-27 were purchased from the American Type Culture 
Collection (ATCC). The cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM; Invitrogen; Thermo 
Fisher Scientific, Inc.) with 10% fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.), penicillin (100 U/ml) 
and streptomycin (100 µg/ml). The cells were cultured in an 
incubator at 37˚C with 5% CO2.

Construction of lentivirus and cell transfection. The full 
length of human PVT1 cDNA was constructed into a lentivirus 

(Shanghai GenePharma Co., Ltd.), resulting in PVT1 overex-
pression, and was named LV-PVT1 and the negative control 
(LV-NC) was obtained from GenePharma. Furthermore, 
PVT1‑shRNA (LV‑sh PVT1) was synthesized and cloned 
into a lentivirus, resulted in PVT1 downregulation and the 
shRNA negative control (LV-sh NC) was obtained from 
GenePharma. The sequences were as follow: PVT1-shRNA, 
5'-CCU GAU GGA UUU ACA GUG ATT-3' and NC-shRNA, 
5'-GCU ACG AUC UGC CUA AGA UTT-3'. LV-PVT1 or LV-NC 
or LV-sh PVT1 or LV-sh NC was respectively infected into 
SCC-25 and CAL-27 cells according to the manufacturer's 
instructions. After antibiotic selection and constructed for 
2 weeks, the stable cells with PVT1 overexpression or down-
regulation were obtained. Cells were plated in 6-well plates 
(1x106/well) until reaching 60‑70% confluence. Transfection 
reagent Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.), serum-free DMEM and hsa-miR-150-5p 
mimics (Guangzhou RiboBio Co., Ltd, miR10000451‑1‑5, 
5 nmol) were mixed and incubated at room temperature for 
30 min, which were added into the prepared 6-well plates with 
complete medium with 10% FBS.

CCK‑8 assay. Cell proliferation abilities were examined using 
CCK-8 assay (Dojundo) in accordance with the supplier's 
protocol. Cells (1x103/well) were plated in 96-well plates 
and transfected with the indicated lentivirus and mimics for 
24 h. Each group was set with three replicate wells. For each 
well, 10 µl CCK-8 was added at 0, 1, 2 and 3 days, and then 
incubation was carried out in darkness for another 3 h at room 
temperature. Finally, the absorbance (OD) value was measured 
at 450 nm with a microplate reader.

Cell invasion and migration assays. Cells (2x105 cells/well) 
were diluted in 200 µl serum-free DMEM and inoculated 
onto the upper wells of a Transwell chamber coated with 
20 µl Matrigel (BD Biosciences). DMEM with 10% FBS was 
added into the lower chambers, which were incubated for 48 h. 
Then the non-invasive cells were removed by using a cotton 
swab following overnight incubation. The invasive cells in the 
lower chambers were fixed and stained with 100% pre‑cold 
methanol and 0.1% crystal violet at room temperature for 
30 min. Finally, the cells were observed by using an inverted 
light microscope (magnification, x200, Olympus Corp.). For 
the cell migration assay, cells were suspended in FBS-free 
DMEM with 1 µg/ml Mitomycin C and plated in the upper 
wells of the Transwell chamber and DMEM with 10% FBS 
was mixed into the lower chambers. Then the following steps 
were similar to the invasion assay. Five visual fields of each 
chamber were randomly chosen and cell number was counted 
under a light microscope (magnification x100; Olympus Corp.; 
Japan Nikon Corp.).

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA of tissues and cells were extracted 
by using Trizol (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. For the quantitative 
detection of genes, RT was conducted at 37˚C for 15 min, 
which was followed by 85˚C for 5 sec with a PrimeScript™ RT 
Reagent Kit (Takara Bio, Inc.) according to the manufacturer's 
protocol. PCR primers were purchased from ShangHai Gene 
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Pharma and mRNA expression was detected by SYBR Premix 
Ex Taq II (Takara Bio, Inc.). Two‑step PCR amplification was 
performed at 95˚C for 180 sec, which were then followed by 
40 cycles at 95˚C for 10 sec and 60˚C for 30 sec. Final exten-
sion was performed at 72˚C for 5 min. Expression levels were 
normalized to β-actin and U6. The 2-∆∆Cq method (40) was 
used to calculate the relative gene expression. Gene primers 
are listed in Table I.

Protein extraction and western blot analysis. Total proteins 
of tissues, mouse tumors and cells were extracted by using 
150 µl PRO-PREP Protein Extraction Solution (iNtRON), 
which were measured by BCA protein assay kit (Beyotime 
Institute of Biotechnology). Protein (40 µg) was added to 10% 
SDS-PAGE and the separated protein was transferred onto 
polyvinylidene fluoride membranes (PVDF; EMD Millipore), 
which were blocked by 5% non-fat milk for 1 h. Then TBST 
(Boster) was used to wash the membranes for three times, 
which were incubated with primary antibodies overnight 
at 4˚C, which were purchased from Abcam. The antibodies 
used in the western blot analysis are listed in Table II. After 
that, they were incubated with matched secondary antibodies 
(goat anti-rabbit, dilution 1:5,000, product code ab150077; 
goat anti-mouse, dilution 1:5,000; product code ab150113) 
for 1 h. Finally, the proteins were visualized and quantified 
by using Pierce ECL Western blot substrate (Thermo Fisher 
Scientific, Inc.) with ECL detection system (Thermo Fisher 
Scientific, Inc.) and proteins were normalized to β-actin. The 
gray value of the target band was analyzed by using Image Lab 
(version 3.1; Bio-Rad Laboratories, Inc.).

Luciferase assay. StarBase v2.0 database (41) was used 
to analyze the potential miRNAs that interact with PVT1. 
miR‑150‑5p was identified as a potential miRNA. Human 
PVT1-3'-untranslated region (3'-UTR) and GLUT-1-3'-UTR 
reporter constructs containing the potential binding site 
of miR-150-5p, and their identical sequences with a muta-
tion in the seed sequence, which were constructed into 
pmiR-GLO-basic reporter vector (Promega Corp.). Cells 
(2x105 cells/well) were plated into 48-well plates for 12 h, 
co-transfected with the indicated plasmids and miR-150-5p 
mimics for 24 h. The plasmids (200 ng) were mixed with 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.), Renilla luciferase plasmids and DMEM for 30 min 
and then added into the prepared cells for 24 h. Finally, the 
luciferase activities were measured by the Dual-Luciferase 
Assay kit (Promega Corp.) according to the manufacturer's 
instructions. Every sample was tested for three times and the 
whole experiment was repeated for three times.

In vivo nude mouse xenograft assay. Twelve female BALB/c 
nude mice, about 4-weeks of age and weighing 15-20 g, were 
purchased from the Animal Center of Shanghai Jiaotong 
University (Shanghai, China), and were housed in humidity- 
and temperature‑controlled rooms (40‑80%; 22±2˚C) for 
7 days prior to the experiments. All animal handling and 
experimental procedures were approved by the Animal Ethics 
Committees of the First Affiliated Hospital of Jinzhou Medical 
University and in accordance with the guidelines of the China 
Council of Animal Care. Two groups were randomly divided, 

as the LV-NC and LV-shPVT1 group. Mice in each group were 
injected subcutaneously on the right axilla with 1x107/0.1 ml 
of SCC-25 cells transfected with LV-shPVT1 or LV-NC. After 
successful transplantation, the tumor volumes of nude mice 
in two groups were observed every week. The tumor volume 
(V) was calculated as V=π/6 x length x width x height. After 
35 days, mice were sacrificed with isoflurane (4%) for 1 min 
and cervical dislocation was performed to verify euthanasia, 
finally, the tumor tissues were obtained.

Statistical analysis. All data were analyzed by SPSS 19.0 (IBM 
Corp.) and GraphPad Prism 6.0 (GraphPad Software). Student's 
t‑test was used to analyze the statistical significance between 
two groups, and one-way ANOVA and Tukey's post hoc test 
method were used to analyze the statistical significance among 
more than two groups, while Dunnett's test was used when 
each group was only compared to the control group. Count 
data were processed by Chi-square test. Correlations between 
PVT1, miR‑150‑5p and GLUT‑1 were analyzed by using 
Pearson's correlation analysis. Survival curves were analyzed 
by using Kaplan-Meier survival test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

PVT1 is upregulated in OSCC tumor tissues and cell 
lines. First, we determined the expression of PVT1 in 
70 cases of OSCC tissues and adjacent tissues. PVT1 was 
increased 2.2-fold in OSCC tissues when compared to 
the adjacent tissues (Fig. 1A) (P<0.001). Furthermore, we 
collected and analyzed the correlations between PVT1 and 
clinicopathological features in the OSCC patients. PVT1 
upregulation was correlated with advanced TNM stage, 
metastasis and recurrence (Table III) (P<0.05). Furthermore, 
we found that PVT1 was increased 1.7-fold in the OSCC 
tissues with metastasis (n=19), compared to that in OSCC 
tissues without metastasis (n=51) (Fig. 1B) (P<0.001). We 
also divided patients into two groups according to the 
TNM stage, and the results showed that the expression 

Table I. Sequences of primers for qPCR.

Genes Primer sequences

PVT1 F: 5'-TGAGAACTGTCCTTACGTGACC-3'
 R: 5'-AGAGCACCAAGACTGGCTCT-3'
miR‑150‑5p F: 5'-CGGCGGCAAAGTGCTTACAG-3'
 R: 5'-GGGCATACATCGGCTAATACA-3'
GLUT‑1 F: 5'-GTCAACACGGCCTTCACTG-3'
 R: 5'-GGTCATGAGTATGGCACAACC-3'
β-actin F: 5'-CCAAGGCCAACCGCGAGAAGAT-3'
 R: 5'-AGGGTACATGGTGGTGCCGCCA-3'
U6 F: 5'-CGCTTCGGCAGCACATATACT-3'
 R: 5'-CGCTTCACGAATTTGCGTGTC-3'

F, forward; R, reverse; PVT1, lncRNA plasmacytoma variant 
translocation 1; GLUT1, glucose transporter 1; qPCR, real-time 
quantitative PCR.
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levels of PVT1 in stage III-IV were significantly higher 
than those in stage I-II (Fig. 1C) (P<0.001). To explore the 
prognostic values of PVT1 in OSCC patients, Kaplan-Meier 
analysis was performed. Results revealed that patients 
with high expression of PVT1 had a worse recurrence-free 
and overall survival when compared with patients in the 
low PVT1 expression group (Fig. 1D and E). Then we 
detected PVT1 expression in human normal oral epithelial 
cell line NOK and OSCC cell lines, including SCC-090, 
SCC-25 and CAL-27. The results revealed that expression 
of PVT1 was significantly increased in the human OSCC 
cells when compared to that in the NOK cells (Fig. 1F). 
As the expression levels of PVT1 in SCC-25 and CAL-27 
were much higher than other cell lines, therefore, we chose 

SCC-25 and CAL-27 cell lines for subsequent experiments. 
These data indicated that PVT1 was upregulated in OSCC, 
and was correlated with a poor prognosis of OSCC patients; 
however, the detailed mechanisms remained unknown.

Overexpression of PVT1 promotes cell proliferation, invasion, 
migration and inhibits apoptosis in OSCC cells. To explore 
the functions of PVT1 in OSCC, LV-PVT1 was constructed, 
which resulted in PVT1 overexpression. After LV-PVT1 
infection, PVT1 expression was significantly increased 
compared to the LV-NC group (Fig. 2A) (P<0.001). CCK-8 
assay showed that PVT1 upregulation significantly promoted 
the cell proliferation of SCC-25 and CAL-27 cells at 3 and 
5 days (Fig. 2B and C). Furthermore, Transwell invasion assays 

Table II. Antibodies used in western blot analysis.

Proteins Host kDa Catalog no. Antibody dilution

Ki67 Rabbit 359  ab16667 1:5,000
Bcl-2 Rabbit 26  ab182858 1:1,000
Bax Rabbit 21  ab32503 1:1,000
Cleaved caspase-3 Rabbit 17  ab49822 1:500
MMP-9 Rabbit 92  ab38898 1:1,000
MMP-14 Rabbit 66  ab51074 1:2,000
GLUT-1 Rabbit 55  ab40084 1:5,000
β-actin Rabbit 42  ab179467 1:5,000

Bcl-2, B-cell lymphoma 2; Bax, BCL2-associated X protein; MMP, matrix metalloproteinase; GLUT1, glucose transporter type 1.

Table III. Association between PVT1 expression and the clinicopathological features of the OSCC patients.

Parameters Low expression (n=35) High expression (n=35) P-value

Sex   0.339
  Male 15 19
  Female 20 16
Age (years)   0.147
  <45 18 12
  ≥45 17 23
TNM stage   0.016
  Ⅰ 15 5
  Ⅱ 10 8
  Ⅲ 7 12
  Ⅳ 3 10
Metastasis   0.015
  Yes 5 14
  No 30 21
Recurrence   0.006
  Yes 7 18
  No 28 17

OSCC, oral squamous cell carcinoma; PVT1, lncRNA plasmacytoma variant translocation 1. P‑values in bold print indicate significantly 
significant differences.
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indicated that increased expression of PVT1 significantly 
enhanced SCC-25 and CAL-27 cell invasion (Fig. 2D and E) 
(P<0.001), and the same results were found for the migration 
assays (Fig. 2F and G) (P<0.001). Moreover, we detected 
apoptotic-associated protein expression, such as Ki67, Bcl-2, 
Bax and cleaved caspase 3, and also detected expression 
levels of migration-associated proteins, such as MMP-9 and 
MMP-14 in the OSCC cell lines SCC-25 and CAL-27. Western 
blot analysis demonstrated that protein expression of Ki67 
and Bcl‑2 were significantly increased, the apoptotic genes 
Bax and cleaved caspase 3 were significantly decreased and 
migration-related MMP-9 and MMP-14 were significantly 
increased after LV-PVT1 infection (Fig. 2H-K). Collectively, 
these data indicated that overexpression of PVT1 enhanced 
cell proliferation, invasion, migration and inhibited apoptosis 
in OSCC cells.

Downregulation of PVT1 suppresses cell proliferation, 
invasion, migration and promotes apoptosis in OSCC. To 
further verify the functions of PVT1 in OSCC SCC-25 
and CAL-27 cell lines, the LV-shPVT1 was constructed, 
which resulted in PVT1 downregulation. After LV-sh PVT1 
infection into SCC-25 and CAL-27, the PVT1 levels were 
significantly inhibited compared with the cells transfected 
with LV-sh NC (Fig. 3A) (P<0.001). CCK-8 assay revealed 
that PVT1 downregulation significantly suppressed cell 
proliferation compared with the LV-sh NC (Fig. 3B and C). 
Furthermore, Transwell assays indicated that downregulation 
of PVT1 significantly inhibited cell invasion and migration 
(Fig. 3D-G) (P<0.001). Moreover, protein expression levels 
of Ki67 and Bcl‑2 were significantly decreased, the apoptotic 
genes Bax and cleaved caspase3 were upregulated and the 
migration-associated genes MMP-9 and MMP-14 were 
significantly inhibited following with LV‑shPVT1 infection 

when compared with the LV-sh NC group (Fig. 3H-K). 
Collectively, these data indicate that PVT1 is vitally important 
in cell apoptosis, proliferation, invasion and migration in OSCC. 
However, the detailed mechanisms of PVT1 in tumorigenesis, 
invasion and migration in OSCC remain unknown.

PVT1 directly sponges miR‑150‑5p in OSCC. To further 
explore the detailed mechanism involved in the participation 
of PVT1 in the processes of cell proliferation, invasion and 
migration in OSCC, starBase v2.0 database (41) was used 
and miR-150-5p was found to be a potential downstream 
miRNA that contains potential binding sites with PVT1. Then 
the expression of miR-150-5p in patients was detected. The 
results revealed that miR‑150‑5p was significantly suppressed 
in OSCC tumor tissues when compared with that in the 
adjacent tissues (Fig. 4A) (P<0.001). Furthermore, miR-150-5p 
was decreased 2.0-fold in OSCC patients with metastasis 
(n=19), compared to those without metastasis (n=51) (Fig. 4B) 
(P<0.001). Moreover, expression of miR-150-5p in stage III-IV 
tissues was much lower than expression in stage I-II tissues 
(Fig. 4C) (P<0.001). In addition, correlation analysis was 
performed between PVT1 and miR-150-5p, which showed that 
miR-150-5p was negatively correlated with PVT1 in OSCC 
and metastatic patients (Fig. 4D and E). We also detected 
miR-150-5p expressions in NOK and OSCC cells. The results 
revealed that miR‑150‑5p was significantly suppressed in the 
OSCC cell lines when compared with NOK cells (Fig. 4F). 
In addition, expression of miR-150-5p was significantly 
suppressed in SCC-25 and CAL-27 cells following LV-PVT1 
infection (P<0.01), while they were significantly upregulated 
following LV-shPVT1 infection (P<0.001), when compared 
with the relevant NC group. (Fig. 4G and H). Above all, 
these results indicate that PVT1 is negatively interactive with 
miR-150-5p, which may be a downstream factor of PVT1 

Figure 1. PVT1 is upregulated in OSCC tissues and cell lines. (A) qPCR indicated that PVT1 was upregulated in OSCC tissues (n=70) compared to adjacent 
tissues (n=70). (B) qPCR revealed that PVT1 was upregulated in metastasis patients (n=19) when compared with patients without metastasis (n=51). (C) qPCR 
revealed that PVT1 in patients at stage III-IV was higher than at stage I-II. (D and E) Kaplan-Meier survival analysis demonstrated that recurrence-free and 
overall survival rates were much lower in patients with PTV1 high expression (n=35) compared with those with PTV1 low expression (n=35). (F) qPCR showed 
that PVT1 was increased in OSCC cell lines when compared to human normal oral epithelial NOK cells (*P<0.05 and ***P<0.001). OSCC, oral squamous cell 
carcinoma; PVT1, lncRNA plasmacytoma variant translocation 1; qPCR, real-time quantitative PCR.
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(Fig. 4I). To confirm whether PVT1 could competitively 
bind with miR-150-5p, wild-type WT-PVT1 and mutant 
MUT-PVT1 sequences were constructed into vectors and the 
luciferase gene reporter assay was performed. Results showed 
that relative luciferase activity in SCC-25 cells co-transfected 
with WT-PVT1 and miR-150-5p mimics was obviously 
repressed. However, it was reversed following co-transfected 
with MUT-PVT1 and miR-150-5p mimics. And the same 
result was found in CAL-27 cells (Fig. 4J and K). These data 
indicate that PVT1 competitively binds with miR-150-5p in 
OSCC.

miR‑150‑5p inhibits cell proliferation, invasion, migration and 
promotes apoptosis in OSCC. We aimed to further ascertain 

the roles of miR-150-5p in OSCC. miR-150-5p mimics was 
respectively transfected into SCC-25 and CAL-27 cells. The 
results revealed that miR‑150‑5p was significantly increased 
following transfection with miR-mimics when compared with 
the miR-mimics NC group (Fig. 5A) (P<0.001). In addition, the 
cell proliferation abilities were significantly suppressed in the 
SCC-25 and CAL-27 cell lines following transfection with 
miR-150-5p mimics compared with the miR-mimics NC group 
(Fig. 5B and C) (P<0.01). Transwell assays revealed that cell 
invasion and migration abilities were significantly suppressed 
following miR-150-5p overexpression (Fig. 5D-G) (P<0.001). 
Protein expression levels of Ki67 and Bcl‑2 were significantly 
inhibited, apoptotic genes Bax and cleaved caspase3 were 
upregulated, and migration and invasion-associated genes 

Figure 2. Overexpression of PVT1 promotes cell proliferation, invasion, migration and inhibits apoptosis in OSCC. (A) qPCR showed that PVT1 expression 
was upregulated in SCC-25 and CAL-27 cells transfected with LV-PVT1 when compared with the LV-NC group. (B and C) CCK-8 assay revealed that the 
proliferation abilities were promoted in cell lines transfected with LV-PVT1 when compared with the LV-NC group. (D-G) Transwell assays indicated that 
invasion and migration were both enhanced in cell lines transfected with LV-PVT1 when compared with the LV-NC group. (H-K) Protein expression levels of 
Ki67, Bcl-2, Bax, cleaved caspase 3, MMP-9 and MMP-14 were detected by western blot analysis in SCC-25 and CAL-27 cell lines transfected with LV-PVT1 
when compared with the LV-NC group (*P<0.05; **P<0.01, ***P<0.001). OSCC, PVT1, lncRNA plasmacytoma variant translocation 1; OSCC, oral squamous 
cell carcinoma; Bcl-2, B-cell lymphoma 2; Bax, bcl-2-like protein 4; MMP, matrix metalloproteinase; qPCR, real-time quantitative PCR.
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MMP-9 and MMP-14 were inhibited following miR-150-5p 
overexpression (Fig. 5H-K). The results demonstrated that 
miR-150-5p regulated the biological functions in OSCC. As we 
know that miRNAs participate in various biological functions 
by inhibiting target genes, however, the detailed mechanism of 
miR-150-5p in OSCC remained unknown.

miR‑150‑5p negatively interacts with GLUT‑1. To further 
explore the detailed mechanism of miR-150-5p in OSCC, 

downstream targets of miR‑150‑5p were analyzed using 
TargetScan database. As a result, GLUT-1 was predicted as 
a downstream target of miR-150-5p, which is associated with 
cell proliferation and tumorigenesis (37‑39). We first detected 
the GLUT-1 protein expression in OSCC tumor tissues and 
adjacent non-tumor tissues. Western blot analysis revealed 
that the protein expression of GLUT-1 was increased 2.1-fold 
in the OSCC tumor tissues when compared with that in the 
adjacent tissues (Fig. 6A) (P<0.001). Furthermore, GLUT-1 

Figure 3. Downregulation of PVT1 inhibits cell proliferation, invasion, migration and promotes apoptosis in OSCC. (A) qPCR showed that PVT1 expression 
was inhibited in SCC-25 and CAL-27 cells transfected with LV-shPVT1 compared with the LV-sh NC group. (B and C) CCK-8 assay revealed that the 
proliferation abilities were suppressed in SCC-25 and CAL-27 cells transfected with LV-shPVT1 compared with the LV-sh NC group. (D-G) Transwell 
assays revealed that invasion and migration were suppressed in SCC-25 and CAL-27 cells transfected with LV-shPVT1 compared with the LV-sh NC group. 
(H-K) Protein expression levels of Ki67, Bcl-2, Bax, cleaved caspase 3, MMP-9 and MMP-14 were detected by western blot analysis in SCC-25 and CAL-27 cell 
lines transfected with LV-PVT1 when compared with the LV-NC group (*P<0.05; **P<0.01, ***P<0.001). PVT1, lncRNA plasmacytoma variant translocation 1; 
OSCC, oral squamous cell carcinoma; Bcl-2, B-cell lymphoma 2; Bax, bcl-2-like protein 4; MMP, matrix metalloproteinase; qPCR, real-time quantitative 
PCR.
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expression was increased 1.8-fold in the OSCC tissues with 
metastasis (n=19), compared to those without metastasis 
(n=51) (Fig. 6B) (P<0.001). Moreover, protein expression of 
GLUT-1 in patients with stage III-IV were much higher than 

those at stage I-II (Fig. 6C) (P<0.001). We also found that 
miR-150-5p was negatively correlated with GLUT-1 in OSCC 
patients and metastasis patients (Fig. 6D and E). Additionally, 
PVT1 was positively correlated with GLUT-1 in OSCC 

Figure 4. PVT1 directly sponges miR-150-5p in OSCC. (A) qPCR demonstrated that miR-150-5p was downregulated in OSCC tissues when compared with 
the adjacent tissues. (B) qPCR demonstrated that miR-150-5p was lower in patients with metastasis (n=19) than those with non-metastasis (n=51). (C) qPCR 
indicated that miR-150-5p in patients at stage III-IV was much lower than that at stage I-II. (D and E) Correlation analysis demonstrated that miR-150-5p is 
negatively correlated with PVT1 in OSCC and metastasis patients. (F) qPCR demonstrated that miR-150-5p was decreased in OSCC cells lines when compared 
to human normal oral epithelial NOK cells. (G and H) miR-150-5p expression was determined in SCC-25 and CAL-27 cells transfected with LV-PVT1 and 
LV-sh PVT1 by qPCR. (I) Potential binding sequence and mutant sequence were constructed. (J and K) Luciferase gene reporter assays demonstrated that 
PVT1 could bind with miR-150-5p in OSCC (*P<0.05; **P<0.01, ***P<0.001). PVT1, lncRNA plasmacytoma variant translocation 1; OSCC, oral squamous cell 
carcinoma; qPCR, real-time quantitative PCR; WT, wild-type; MUT, mutant.
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patients and metastasis patients (Fig. 6F and G). In addition, 
protein expression of GLUT-1 was increased in OSCC cell 

lines compared with that in the NOK cells (Fig. 6H). Finally, 
expression of GLUT-1 was suppressed in SCC-25 and CAL-27 

Figure 5. miR-150-5p inhibits cell proliferation, invasion, migration and promotes apoptosis in OSCC. (A) qPCR demonstrate that miR-150-5p was upregu-
lated after miR-150-5p mimic transfection in the SCC-25 and CAL-27 cell lines when compared with the miR-mimics NC group. (B and C) CCK-8 assays 
revealed that the proliferation abilities were inhibited in the SCC-25 and CAL-27 cell lines transfected with the miR-150-5p mimics when compared with the 
miR-mimics NC group. (D-G) Transwell assays revealed that invasion and migration were inhibited in the SCC-25 and CAL-27 cell lines transfected with 
the miR-150-5p mimics when compared with the miR-mimics NC group. (H-K) Protein expression levels of Ki67, Bcl-2, Bax, cleaved caspase 3, MMP-9 
and MMP-14 were detected by western blot analysis in the SCC-25 and CAL-27 cell lines transfected with the miR-150-5p mimics when compared with 
the miR-mimics NC group (**P<0.01, ***P<0.001). OSCC, oral squamous cell carcinoma; Bcl-2, B-cell lymphoma 2; Bax, bcl-2-like protein 4; MMP, matrix 
metalloproteinase; qPCR, real-time quantitative PCR.
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cells following miR-150-5p overexpression (Fig. 6I) (P<0.001). 
Above all, miR-150-5p was negatively correlated with GLUT-1, 
which may be a potential target for miR-150-5p.

To confirm whether miR‑150‑5p targets GLUT‑1 in OSCC, 
WT-GLUT-1 and MUT-GLUT-1 sequences were constructed 

into vectors and the luciferase gene reporter assay was 
performed (Fig. 6J). The results demonstrated that miR-150-5p 
overexpression attenuated luciferase activity of WT-GLUT-1 
but not of MUT-GLUT-1 (Fig. 6K and L) (P<0.01). The above 
data showed that miR-150-5p could inhibit GLUT-1 and it 

Figure 6. miR-150-5p is negatively correlated with GLUT-1. (A) qPCR demonstrated that GLUT-1 was increased 2.1-fold in OSCC tissues when compared with 
the adjacent tissues. (B) qPCR revealed that GLUT-1 expression was increased 1.8-fold in OSCC tissues with metastasis when compared with tissues without 
metastasis (n=19). (C) qPCR indicated that GLUT-1 protein expression in patients at stage III-IV was higher than that in stage I-II. (D and E) miR-150-5p is 
negatively correlated with GLUT-1 in OSCC and metastasis patients. (F and G) Correlation analysis indicated that PVT1 is positively correlated with GLUT-1 
in OSCC and metastasis patients. (H) qPCR revealed that GLUT-1 is increased in OSCC cell lines when compared to human normal oral epithelial NOK cells. 
(I) Expression of GLUT-1 was suppressed after miR-150-5p mimic transfection in the SCC-25 and CAL-27 cell lines compared with the miR-mimics NC 
group. (J) Potential binding sequence and mutant sequence were constructed. (K and L) miR-150-5p directly binds to GLUT-1 (*P<0.05; **P<0.01, ***P<0.001). 
GLUT1, glucose transporter 1; PVT1, lncRNA plasmacytoma variant translocation 1; OSCC, oral squamous cell carcinoma; qPCR, real-time quantitative 
PCR; WT, wild-type; MUT, mutant.
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may be a target of miR-150-5p in OSCC. Overall, PVT1 
may directly bind with miR-150-5p, which targets GLUT-1 
expression, thereby affecting biological functions in patients 
with OSCC.

PVT1 promotes cell proliferation, invasion, migration and 
inhibits apoptosis via the miR‑150‑5p/GLUT‑1 axis in patients 
with OSCC. To confirm our hypothesis, miR‑150‑5p mimics or 
miR-NC was respectively transfected into cells infected with 

Figure 7. PVT1 promotes cell proliferation, invasion, migration and inhibits apoptosis via the miR-150-5p/GLUT-1 axis in patients with OSCC. 
(A and B) Expression of PVT1 and miR-150-5p were detected in SCC-25 and CAL-27 cell lines following the indicated transfections. (C and D) CCK-8 
assay indicated that the LV-PVT1-promoted cell proliferation abilities were suppressed following miR-150-5p overexpression. (E-H) The LV-PVT1-promoted 
increases in cell invasion and migration were suppressed following miR-150-5p mimic transfection. (**P<0.01, ***P<0.001). GLUT1, glucose transporter 1; 
PVT1, lncRNA plasmacytoma variant translocation 1; OSCC, oral squamous cell carcinoma.
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LV-PVT1, and cell proliferation ability, invasive and migratory 
abilities were evaluated. The results showed that PVT1 was 
increased and miR-150-5p was repressed in LV-PVT1 transfected 
cells, while PVT1 was reduced and miR-150-5p was increased 
following miR-150-5p overexpression in the SCC-25 and 
CAL-27 cells (Fig. 7A and B) (P<0.001). Furthermore, CCK-8 
assays indicated that the LV-PVT1-overexpression-enhanced 
cell proliferation abilities were suppressed following 
miR-150-5p overexpression (Fig. 7C and D) (P<0.01). 
Moreover, the LV-PVT1-overexpression-enhanced cell 
invasion and migration were suppressed following miR-150-5p 
overexpression (Fig. 7E-H) (P<0.001). In addition, we also 
detected the gene expression of GLUT-1, Ki67, Bcl-2, Bax, 
cleaved caspase 3, MMP-9 and MMP-14. The results showed 
that these protein levels were consistent with our previous 
results, while they were reversed following by miR-150-5p 
overexpression in the SCC-25 (Fig. 8A and B) and CAL-27 
cell line (Fig. 8C and D). Collectively, PVT1 promotes cell 
proliferation, invasion, migration and inhibits apoptosis via 
the miR-150-5p/GLUT-1 axis in patients with OSCC.

PVT1 inhibition suppresses tumor growth and expression of 
invasion and migration‑associated genes in vivo. To verify the 

functions of PVT1 in vivo, we injected SCC-25 cells that had 
been stably infected with LV-shPVT1 or LV-sh NC into nude 
mice. Tumor volumes were measured every week until the 5th 
week. Tumors infected with LV-shPVT1 showed smaller tumor 
volume (Fig. 9A). The tumor volumes in the LV-shPVT1 group 
were significantly smaller at day 28 and 35 (Fig. 9B) (P<0.001). 
At day 35, the mean value of the orthotopic tumor weight of 
LV-shPVT1 tumors was lighter than that noted in the LV-sh NC 
group (Fig. 9C) (P<0.001). Furthermore, we detected expression 
levels of PVT1, miR-150-5p, GLUT-1, Ki67, Bcl-2, Bax, cleaved 
caspase3, MMP-9 and MMP-14 in the tumors derived from cells 
transfected with LV-shNC or LV-sh PVT1. The results showed 
that PVT1 and GLUT-1 were decreased in the LV-shPVT1 
group, while miR-150-5p was increased (Fig. 9D) (P<0.001). The 
protein expression levels of Ki67 and Bcl-2 were decreased, while 
Bax and cleaved caspase 3 were increased, which suggested 
that the proliferation ability was suppressed in the LV-shPVT1 
group. The protein expression levels of EMT markers, including 
GLUT-1, MMP-9 and MMP-14, were reduced in the LV-shPVT1 
group, indicating that the invasive and migrated abilities were 
inhibited (Fig. 9E and F). These results confirmed that PVT1 
is critical for tumor growth, invasion and migration via the 
miR-150-5p/GLUT-1 pathway in human OSCC.

Figure 8. PVT1 regulates the expression of proteins associated with proliferation, invasion, apoptosis and migration via the miR-150-5p/GLUT-1 axis in 
patients with OSCC. (A-D) Western blot analyses showed that protein levels of GLUT-1, Ki67, Bcl-2, Bax, cleaved caspase 3, MMP-9 and MMP-14 were 
consistent with our previous results, while they were reversed following miR-150-5p overexpression. **P<0.01, ***P<0.001). GLUT1, glucose transporter 1; 
PVT1, lncRNA plasmacytoma variant translocation 1; OSCC, oral squamous cell carcinoma; Bcl-2, B-cell lymphoma 2; Bax, bcl-2-like protein 4; MMP, 
matrix metalloproteinase.
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Discussion

Abnormal expression of long non-coding RNAs (lncRNAs) 
and microRNAs (miRNAs/miRs) has been demonstrated to be 
related to tumor formation and progression in various types of 
cancers (10-12). For example, lncRNA HOTAIR was found to 
be suppressed in ovarian cancer cells, which was found to inhibit 
the invasion and tumorigenicity by interacting with miR-200c 
in mice (11). lncRNA MIR4435-2HG was found to promote 
prostate cancer migration and invasion by upregulating TGF-β1 
expression (10). LINC00511 was upregulated in estrogen receptor 
(ER)-negative breast cancer, which was associated with poor 
prognosis for patients and it could act as an oncogene by inter-
acting with EZH2 and PRC2 (12). Recently, increasing evidence 
has revealed that lncRNAs play oncogenic or tumor-suppressor 
roles in oral squamous cell carcinoma (OSCC) (13-15). lncRNA 
plasmacytoma variant translocation 1 (PVT1) was confirmed to 
participate in the promotion of tumor formation, invasion and 
migration in many types of cancers, such as glioma, colorectal, 
gastric, ovarian, gallbladder and breast cancer (16-21). However, 
the functions of PVT1 in OSCC remains unclear.

In the present study, we found that PVT1 was upregulated 
in OSCC tissues and cell lines, and was associated with 
metastasis, advanced stages and poor overall patient survival. 
The results revealed that PVT1 overexpression promoted cell 
proliferation, invasion, migration and apoptosis, while PVT1 
downregulation produced the opposite results, which suggests 
that PVT1 is an oncogenic gene in OSCC. This finding was 
consistent with former reports in various types of cancers, such 
as glioma, colorectal, gastric, ovarian, gallbladder and breast 
cancer (16-21). However, the underlying mechanisms of PVT1 
in tumorigenesis and migration in OSCC remain unknown.

miRNAs act as oncogenes or tumor suppressors in cancers, 
and have been reported to be target genes of lncRNAs (27,28). We 
used Starbase v2.0 database which indicated that miR-150-5p 
may be a downstream target of PVT1. We also uncovered that 
miR-150-5p expression was reduced in OSCC tumor tissues, 
and was negatively correlated with PVT1. In order to determine 
the interaction between PVT1 and miR-150-5p, dual-luciferase 
gene reporter assay was performed and the results demonstrated 
that miR-150-5p overexpression attenuated luciferase activity 
in the wild-type WT-PVT1 but not mutant MUT-PVT1, which 
indicated that PVT1 could function as a competing endogenous 
RNA (ceRNA), to competitively bind to miR-150-5p in OSCC. 
Moreover, miR-150-5p overexpression inhibited cell prolifera-
tion, invasion and migration in OSCC. Collectively, PVT1 serves 
as an oncogenic gene in OSCC via binding with miR-150-5p, 
which are important for cancer biology; however, the underlying 
mechanism remained unknown.

Glucose transporter type 1 (GLUT1) is an oncogenic gene 
that is associated with the biological functions and progression 
of various types of cancers, such as bladder, non-small cell 
lung and prostate cancer (37-39), and may be a downstream 
target for miR-150-5p. GLUT1 is a glucose membrane trans-
porter that can uptake glucose and regulate the metabolism 
in cancers through several mechanisms (42,43). Firstly, 
transported glucose will follow the glycolytic pathway to 
generate pyruvate, which is converted into lactate under the 
condition of anaerobiosis and it will supply energy for cancer 
cells (44,45). Secondly, pyruvate can be transformed into 
acetyl‑coenzyme‑A (Acetyl‑CoA), which can be supplied to 
ATP generation and promote cancer cell proliferation (46-48). 
Finally, cancer cells can use substrates from glucose as a 
carbon source, such as fatty acids and glutamine (49,50).

Figure 9. PVT1 inhibition suppressed tumor growth and expression of proteins associated with invasion and migration in vivo. (A) Images of 12 primary 
tumors at day 35 from the LV-shPVT1 and LV-sh NC groups. (B) Tumor volumes were measured every week for 35 days. (C) Tumor weights at day 35 after 
injection were calculated. (D) mRNA levels of PVT1, miR-150-5p, GLUT-1 were detected in the tumor tissues of the LV-sh NC and LV-sh PVT1 groups. 
(E and F) Protein expression levels of GLUT-1, Ki67, Bcl-2, Bax, cleaved caspase 3, MMP-9 and MMP-14 were detected by western blot analysis (**P<0.01, 
***P<0.001). GLUT1, glucose transporter 1; PVT1, lncRNA plasmacytoma variant translocation 1; OSCC, oral squamous cell carcinoma; Bcl-2, B-cell lym-
phoma 2; Bax, bcl-2-like protein 4; MMP, matrix metalloproteinase.
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In the present study, we found that GLUT1 protein expres-
sion was increased in OSCC tumor tissues, and was negatively 
correlated with miR-150-5p. Luciferase assay indicated that 
miR-150-5p overexpression attenuated luciferase activity in 
WT-GLUT-1 but not MUT-GLUT-1, which suggested that 
miR-150-5p could directly bind with GLUT-1 in OSCC. 
Collectively, we assumed that PVT1 could directly bind with 
miR-150-5p, which attenuated GLUT-1 inhibition, thereby 
promoting cell proliferation, invasion and migration in OSCC. 
Collectively, we found that overexpression of PVT1 promoted 
cell proliferation, invasion and migration of OSCC via 
targeting the miR-150-5p/GLUT-1 pathway.

To verify the functions of PVT1 in vivo, a nude mouse 
xenograft model was performed and SCC-25 cells stably 
transfected with LV-shPVT1 or LV-NC were injected into the 
mice. The results revealed that the tumor volumes and tumor 
weight were reduced in the LV-shPVT1 group when compared 
with the LV-NC group. Furthermore, GLUT-1 was decreased 
and miR-150-5p was upregulated in the LV-shPVT1 group. In 
addition, the protein expression levels of Ki67, Bcl-2, GLUT-1, 
MMP-9 and MMP-14 were decreased, while Bax and cleaved 
caspase 3 were increased in the LV-shPVT1 group, suggesting 
that the proliferation, invasion and migration capacities were 
suppressed in the LV-shPVT1 group in vivo.

In the present study, we performed in situ hybridization, 
but the results showed poor specificity and the quantification 
was not precise, which was a limitation of this present study 
and we will improve the in situ hybridization experiment in 
future research. On the other hand, we used RT-qPCR to detect 
PVT1 expressions in OSCC tissues and adjacent tissues, which 
showed a very high specificity and quantification. According to 
the results of the RT-qPCR, we carried out further research to 
explore the functions of PVT1, and we found that the elevated 
PVT1 promoted tumor cell proliferation, invasion, migration 
and inhibited apoptosis in the OSCC cells.

In conclusion, the present study revealed that PVT1 is 
increased in OSCC tissues, and is associated with the poor prog-
nosis of OSCC patients. We uncovered a previously unappreciated 
PVT1/miR-150-5p/GLUT-1 signaling axis in promoting cell 
proliferation, invasion and migration in OSCC cells in vitro and 
also in vivo, which suggests that the PVT1/miR-150-5p/GLUT-1 
signaling axis may be a target for the treatment of OSCC.
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