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Introduction 

Glioma is the most common primary malig-
nancy of the nervous system, accounting for 
40-60% of all intracranial tumors1. Although 
therapeutic techniques, such as surgery, ra-
diotherapy, and chemotherapy for glioma have 
achieved great strides, the median survival of 
glioma patients is only 9-12 months2. Therefore, 
it is necessary to uncover the pathogenesis of 
glioma and develop effective diagnostic and 
therapeutic targets.

Long non-coding RNA (lncRNA) is a nucle-
otide molecule of more than 200 nt long. Han 
et al3 first confirmed the differentially expressed 
lncRNAs in glioma tissues and normal brain 
tissues by analyzing the microarray. Later, the 
potential relationship between lncRNAs and 
glioma has been well investigated. Zhang et al4 
identified a close relationship between lncRNAs 
and the occurrence, progression, and differenti-
ation of glioma. Maher et al5 demonstrated that 
the abnormally expressed lncRNAs are key reg-
ulators influencing cellular behaviors of tumors. 
Studies have confirmed that lncRNA PVT1 is 
closely related to lung cancer, breast cancer, liv-
er cancer, and colon cancer. However, the role of 
PVT1 in glioma is rarely reported. 

As an RNA/DNA-dependent ATPase and 
ATP-dependent RNA helicase, UPF1 is an 
evolutionarily conserved and ubiquitously ex-
pressed phosphoprotein6. UPF1 exerts a key role 
in nonsense-mediated mRNA decay (NMD) and 
non-NMD RNA degradation7. In addition, UPF1 
also promotes cell progression into G1/S phase8. 
Chang et al9 have also found that UPF1 is capa-
ble of regulating tumorigenesis. However, there 
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is no report on the correlation between UPF1 and 
glioma. Therefore, in this study, we investigated 
the roles of PVT1 and UPF1 in regulating the 
progression of glioma, which provides new ideas 
for clinical diagnosis and treatment of glioma.

Patients and Methods

Sample Collection

Cell Culture 
U87 and LN229 cells were cultured in Dulbec-

co’s Modified Eagle’s Medium (DMEM; Gibco, 
Rockville, MD, USA) containing 10% fetal bo-
vine serum (FBS; Gibco, Rockville, MD, USA) in 
an incubator with 5% CO2 at 37°C. The medium 
was replaced every three days. The glioma cells 
were treated with 50 μM α-amanitin to block the 
synthesis of new RNAs. 

Cell Transfection 
The cells were inoculated in a 6-well plate with 

4×105 cells per well. At 80% confluence, the cells 
were cultured in 1.5 mL of serum-free medium 
and 500 μL of Lipofectamine 3000 (Invitrogen, 
Carlsbad, CA, USA) containing transfection vec-
tors. At 4-6 h, the complete medium was replaced. 

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

The total RNA in cells and tissues was extract-
ed using TRIzol method (Invitrogen, Carlsbad, CA, 
USA) for reverse transcription according to the in-
structions of PrimeScript RT reagent Kit (TaKaRa, 
Otsu, Shiga, Japan). The RNA concentration was de-
tected using a spectrometer. QRT-PCR was then per-
formed based on the instructions of SYBR Premix 
Ex TaqTM (TaKaRa, Otsu, Shiga, Japan). The relative 
level was calculated using the 2-ΔΔCt method. PVT1, 
forward, 5’-GTCTTGGTGCTCTGTGTTC-3’, re-
verse, 5’-CCCGTTATTCTGTCCTTCT-3’; UPF1, 
forward, 5’-ACCGACTTTACTCTTCCTAGCC-3’, 
reverse, 5’-AGGTCCTTCGTGTAATAGGT-
GTC-3’; glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH), forward, 5’-CGCTGAGTACGTCGTG-
GAGTC-3’, reverse, 5’-GCTGATGATCTTGAG-
GCTGTTGTC-3’. 

Cell Counting Kit-8 (CCK-8) Assay 
The transfected cells were seeded into 96-well 

plates with 5.0×103 cells per well. At the appoint-
ed time points, 10 μL of CCK-8 solution (cell 

counting kit-8, Dojindo Molecular Technologies, 
Kumamoto, Japan) was added in each well. The 
absorbance at 450 nm of each sample was mea-
sured by a microplate reader (Bio-Rad, Hercules, 
CA, USA).

Transwell 
The cell density was adjusted to 1×104 cells/ml. 

100 μL of suspension was applied in the upper 
side, while 600 μL of medium containing 10% 
FBS was applied in the bottom of a transwell 
chamber (Corning, Corning, NY, USA). After 24 
h of incubation, the cells penetrated to the bottom 
side were fixed in methanol for 15 min, stained 
with crystal violet for 20 min, and counted using 
a microscope. The number of migratory cells was 
counted in 5 randomly selected fields per sample 
(magnification 200×).

Determination of Subcellular 
Distribution 

Cytoplasmic and nuclear RNAs were extracted 
using the PARIS kit (Invitrogen, Carlsbad, CA, 
USA) and subjected to qRT-PCR. U6 was the in-
ternal reference of the nucleus, and GAPDH was 
that of cytoplasm. 

MS2-RIP
The cells were subjected to RNA immuno-

precipitation (RIP) assay using the Magna RIP 
RNA Binding Protein Immunoprecipitation Kit 
(17-700, Millipore, Billerica, MA, USA). The 
RNA fraction separated by RIP was quantified 
by NanoDrop ND1000 (Thermo-Fisher Scientific, 
Waltham, MA, USA). The sequencing libraries 
were generated using 100 ng RNA from Illumina 
and TruSeq Stranded Total RNA kit. The samples 
were sequenced on an Illumina HiSeq 2500 se-
quencer with a read length of 50 bp. The sequenc-
ing process was controlled by the Illumina Data 
collection software.

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS) 22.0 statistical software (IBM Corp., 
Armonk, NY, USA) was used for data analysis. 
Data were expressed as mean ± standard devi-
ation (x̅±s). the intergroup data were compared 
using the t-test. The Kaplan-Meier method was 
introduced for survival analysis. The Spearman 
correlation test was conducted for evaluating 
the relationship between the two genes. p<0.05 
considered the difference was statistically sig-
nificant.
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Results 

Upregulation of PVT1 in Glioma
Relative to adjacent normal tissues, PVT1 was 

found to be upregulated in glioma tissues (Figure 
1A). Based on different tumor staging of glioma, a 
higher level of PVT1 was observed in glioma pa-
tients with stage III+IV than those with stage I+II 
(Figure 1B). Besides, the metastatic glioma patients 
expressed a higher abundance of PVT1 compared 
with those non-metastatic ones (Figure 1C). The 
Kaplan-Meier curves indicated a worse prognosis 
in glioma patients expressing a high level of PVT1 
(Figure 1D). Hence, PVT1 was considered to be in-
volved in the progression of glioma.  

PVT1 Stimulated Glioma Cells 
to Proliferate and Migrate

To uncover the biological role of PVT1 in glio-
ma, we first constructed the overexpression plas-

mid of PVT1. The transfection of the overexpres-
sion plasmid of PVT1 in U87 and LN229 cells 
markedly upregulated the PVT1 cells, showing 
an excellent transfection efficacy (Figure 2A). 
The CCK-8 assay showed the elevated viability in 
U87 and LN229 cells overexpressing PVT1 than 
those of the controls (Figures 2B, 2C). Moreover, 
the migratory potential of the glioma cells was ac-
celerated by the overexpression of PVT1 (Figures 
2D, 2E). Hence, PVT1 was proved to accelerate 
the glioma cells to proliferate and migrate. 

Downregulation of UPF1 in Glioma 
The overexpression of PVT1 could markedly 
downregulate UPF1 level (Figure 3A). It is shown 
that UPF1 was downregulated in glioma tissues rel-
ative to controls (Figure 3B). Moreover, a negative 
correlation was observed between the expression 
levels of PVT1 and UPF1 in glioma tissues (Fig-
ure 3C). Next, we constructed the overexpression 

Figure 1. Upregulation of PVT1 in glioma. A, The relative level of PVT1 in glioma tissues and adjacent normal ones. B, The 
relative level of PVT1 in glioma patients with stage III+IV and stage I+II. C, The relative level of PVT1 in glioma patients 
either with metastasis or not. D, The Kaplan-Meier curves introduced for survival analysis in glioma patients with high level 
and low level of PVT1. 
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plasmid of UPF1 to further identify its biological 
role in the progression of glioma. The transfection 
of the overexpression plasmid of UPF1 sufficiently 
upregulated UPF1 level in the glioma cells (Figure 
3D). After the overexpression of UPF1, the viabil-
ity in U87 and LN229 cells was markedly reduced 
(Figures 3E, 3F). The transwell assay revealed the 
inhibited migratory potential of glioma cells over-
expressing UPF1 (Figure 3G). As a result, UPF1 
was downregulated in glioma and inhibited glio-
ma cells to proliferate and migrate. UPF1 level was 
negatively regulated by PVT1. 

Interaction Between PVT1 and UPF1
The subcellular distribution of lncRNA deter-

mines its regulatory mechanism to a certain ex-
tent. Here, we identified that both PVT1 and UPF1 
were mainly enriched in the cytoplasm (Figures 
4A, 4B). A higher enrichment of PVT1 was found 
in anti-UPF1 relative to anti-IgG, suggesting the 
interaction between PVT1 and UPF1 (Figures 
4C, 4D). Subsequently, to examine whether PVT1 
could regulate the stability of UPF1, U87, and 
LN229 the cells overexpressing PVT1 were treat-
ed with α-amanitin to block the synthesis of new 

Figure 2. PVT1 stimulated glioma cells to proliferate and migrate. A, The transfection efficacy of the overexpression plasmid 
of PVT1 in U87 and LN229 cells. B, The viability in U87 cells transfected with control plasmid or overexpression plasmid of 
PVT1. C, The viability in LN229 cells transfected with control plasmid or overexpression plasmid of PVT1. D, The migration 
in U87 and LN229 cells transfected with control plasmid or overexpression plasmid of PVT1 (magnification: 40×). E, The 
migratory cell number in U87 and LN229 cells transfected with control plasmid or overexpression plasmid of PVT1.
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RNAs. RNA degradation was tested at 0, 6, 12, 
and 24 h, respectively. The data showed that the 
surviving transcript in U87 and LN229 cells over-
expressing PVT1 was markedly reduced, suggest-
ing that PVT1 prolonged the half-life of UPF1 to 
inhibit its synthesis (Figures 4E, 4F). 

Discussion 

Glioma is the most common malignancy of 
the nervous system. The existence of tumor-re-
lated gene heterogeneity and tumor susceptibility 
have been identified in gliomas10,11. Wapinski et 

al12 indicated that the pathogenesis of glioma is 
a complex process involving multiple genes and 
regulatory networks. Wrensch et al13 considered 
that the activation of various oncogenes and the 
inactivation of the tumor-suppressor genes alto-
gether lead to the occurrence of glioma. 

LncRNA was once thought to be a transcrip-
tional “noise” without any functions14,15. Dinger 
et al16 have uncovered the crucial functions of 
lncRNAs at the transcriptional level, including 
the regulatory effects on DNA methylation, tran-
scriptional activation, and transcriptional inter-
ference. A certain advance has been achieved in 
glioma analyses. For example, the upregulation 

Figure 3. Downregulation of UPF1 in glioma. A, The relative level of UPF1 in U87 and LN229 cells transfected with control 
plasmid or overexpression plasmid of PVT1. B, The relative level of UPF1 in glioma tissues and adjacent normal ones. C, A 
negative correlation between the expression levels of UPF1 and PVT1 in glioma tissues. D, The transfection efficacy of the 
overexpression plasmid of UPF1 in U87 and LN229 cells. E, The viability in U87 cells transfected with control plasmid or over-
expression plasmid of UPF1. F, The viability in LN229 cells transfected with control plasmid or overexpression plasmid of UPF1. 
G, Migration in U87 and LN229 cells transfected with control plasmid or overexpression plasmid of UPF1 (magnification: 40×). 
H, Migratory cell number in U87 and LN229 cells transfected with control plasmid or overexpression plasmid of UPF1. 
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of lncRNA HOTAIR predicts a poor prognosis 
of glioma, and its level is correlated to the tumor 
staging17. Gupta et al18 demonstrated that HO-
TAIR stimulates the malignant growth of glioma 
by interacting with its target gene nPCR2. Qin et 
al19 suggested that lncRNA TSLCA-AS1 is down-

regulated in glioma, which alleviates the growth 
of glioma by influencing methylation.

The PVT1 gene locates on the sense strand of 
chromosome 8q2420. In tumor cells, the region of 
chromosome 8q24 is the highest target for DNA 
replication copy amplification, and its abnormal 

Figure 4. Interaction between PVT1 and UPF1. A, Subcellular distribution of UPF1 in U87 cells. GAPDH and U6 were in-
ternal references for cytoplasm and nucleus, respectively. B, The subcellular distribution of PVT1 in U87 cells. GAPDH and 
U6 were internal references for cytoplasm and nucleus, respectively. C, Immunoprecipitant of PVT1 in input, anti-UPF1 and 
anti-IgG of U87 cells. D, Immunoprecipitant of PVT1 in input, anti-UPF1 and anti-IgG of LN229 cells. E, Survivin transcript 
in U87 cells transfected with control plasmid or overexpression plasmid of PVT1 after treatment of 50 μM α-amanitin. F, 
Survivin transcript in LN229 cells transfected with control plasmid or overexpression plasmid of PVT1 after treatment of 50 
μM α-amanitin.
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amplification often indicates an increased risk of 
tumors. For example, in breast cancer and met-
astatic prostate cancer, the copy number vari-
ation in the chromosome 8q24 region is closely 
related to susceptibility to tumor due to the short 
sequence sites of multiple different nucleotides 
contained21,22. In addition, the chromosome 8q24 
region also contains a variety of risk sites associ-
ated with many diseases, such as non-syndromic 
cleft lip and palate and end-stage type 2 diabet-
ic nephropathy23,24. Due to the particularity of 
its structure and location, PVT1 is often closely 
related to tumorigenesis. This study found that 
PVT1 was highly expressed in glioma tissues, 
and its level was higher in glioma patients in an 
advanced stage or accompanied with metastasis.

NMD is an mRNA quality monitoring mech-
anism widely found in eukaryotic cells25. In 
tumor research, NMD can exert regulatory 
mechanisms through targeted gene proteins26,27. 
However, NMD is downregulated under the cir-
cumstances of tumor cell nutrient deficiencies 
and endoplasmic reticulum stress, suggesting 
that NMD may be inhibited during tumori-
genesis26. The occurrence of NMD is mainly 
caused by various polypeptides, such as UPF1, 
UPF2, UPF3, Y14, SMG1, SMG5, SMG6, and 
SMG728. Among them, UPF1 is a key regulator 
in the NMD pathway29. Moreover, the expres-
sion change of UPF1 may determine the activa-
tion or inhibition of NMD30. UPF1 is found to 
be downregulated in pancreatic adenosquamous 
carcinoma31. Consistently, our study showed 
that UPF1 was lowly expressed in glioma. Fur-
thermore, it is demonstrated that UPF1 was 
negatively regulated by PVT1, and its synthesis 
could be inhibited by PVT1. PVT1 accelerated 
the progression of glioma via downregulating 
UPF1. Our conclusion provides a novel direc-
tion that PVT1/UPF1 could be utilized as tar-
gets for the prevention and treatment of glioma. 

Conclusions 

LncRNA PVT1 is upregulated in glioma, and 
closely related to poor prognosis of glioma pa-
tients. It accelerates the proliferative and migra-
tory abilities of glioma via downregulating UPF1. 
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