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1 | INTRODUCTION

Abstract

Objective: Long noncoding RNAs (IncRNAs) are involved in the proliferation, migra-
tion, and invasion of tumors. In the current study, our aim was to explore the role of
IncRNA plasmacytoma variant translocation gene 1 (PVT1) in osteosarcoma.
Methods: Quantitative real-time reverse transcription-polymerase chain reaction
was used to detect the expression of IncRNA PV T1 in osteosarcoma tissues and cells.
The relationship between IncRNA PVT1 expression status and the prognosis of pa-
tients with osteosarcoma was analyzed. The effect of IncRNA PVT1 on the malignant
biological behavior of osteosarcoma cells in vitro was also analyzed.

Results: LncRNA PVT1 was upregulated in osteosarcoma. High IncRNA PVT1 ex-
pression indicated poor prognosis in patients with osteosarcoma. In vitro knockdown
of IncRNA PVT1 inhibited the proliferation, migration, and invasion ability of osteo-
sarcoma cells. In addition, we confirmed that IncRNA PVT1 affected the epithelial-
mesenchymal transition of osteosarcoma cells.

Conclusion: LncRNA PVT1 is a potential therapeutic target for osteosarcoma.
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EMT, IncRNA PVT1, osteosarcoma, prognosis

progression of osteosarcoma and identify new therapeutic targets
for osteosarcoma to enhance prognosis.

Osteosarcoma is a common type of malignant bone tumor in
adolescents, accounting for 5%-10% of all malignancies among
adolescents. Osteosarcoma is the sixth most common cause of
cancer-related deaths in adolescents.! The main cause of death
in osteosarcoma is lung metastasis. The 5-year survival rate of
patients with osteosarcoma is below 20%, even after active treat-
ment.? Targeted therapy and immunotherapy have improved the
treatment of malignant tumors. However, there are limited ef-
fective therapeutic targets for osteosarcoma. Therefore, there

is a need to elucidate the molecular mechanism underlying the

Long noncoding RNAs (IncRNAs) are involved in the proliferation,
migration, and invasion of tumors.® Recent studies have revealed that
some IncRNAs such as IncRNA BC040587, IncRNA TUSC7, and IncRNA
MALAT1, which are differentially expressed in osteosarcoma, are in-
volved in the progression of osteosarcoma.* LncRNA plasmacytoma
variant translocation gene 1 (PVT1), which is localized on chromosome
8q24.21,” is reported to be a Myc activator in plasmacytoma.® Some
studies have reported that the expression of INcRNA PVT1 is aberrant
in different malignant tumors, including breast, gastric, and colorec-

tal cancers.”” LncRNA PVT1 can promote the malignant phenotype
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of tumor cells by regulating DNA rearrangement and interacting with
other oncogenes.’® However, the role of INcRNA PVT1 in osteosar-
coma has been evaluated in only a limited number of studies.

Epithelial-mesenchymal transition (EMT) of cells is known to
play an indispensable role in the progression of tumors. EMT is a
reversible cellular process that promotes invasiveness and is tra-
ditionally believed to be the prelude to the process of metastasis,
wherein cells within a primary tumor lose their epithelial char-
acteristics and acquire both the phenotype and a transcriptional
program reminiscent of mesenchymal cells.'>*? Multiple studies
have shown that IncRNAs are involved in the regulation of EMT
in osteosarcoma cells. The expression of INncRNA PGM5-AS1 is
upregulated in osteosarcoma. It regulates the expression of miR-
140-5p and FBN1 through sponge adsorption, thereby promoting
tumor EMT, invasion, and metastasis.'® LncRNA CCAT2, a marker
of poor prognosis in patients with osteosarcoma, was found to
promote EMT in osteosarcoma cells.!* Therefore, we also studied
the relationship between IncRNA PVT1 and EMT in osteosarcoma
cells.

Here, we investigated the expression and molecular func-
tion of INcRNA PVT1 in osteosarcoma. The findings of this study
suggest that IncRNA PVT1 is a potential therapeutic target for
osteosarcoma.

2 | METHODS
2.1 | Bioinformatics analysis

The GEO2R online analysis tool (https://www.ncbi.nlm.nih.gov/
geo/geo2r/) was employed to examine five GeneChip expres-
sion microarrays of osteosarcoma (GSM954792, GSM954810,
GSM954823, GSM954797, and GSM954825) to screen dif-
ferentially expressed IncRNAs. The threshold for differentially
expressed IncRNAs was set as follows: log, (fold change) >2;
adjusted P-value < .05. The differentially expressed IncRNA re-
sults from the five datasets were visualized on a volcano plot. The
Gene Expression Profiling Interactive Analysis (GEPIA) online tool
(http://gepia.cancer-pku.cn) was utilized to determine the expres-
sion of differentially expressed genes in osteosarcoma and their

correlation with patient prognosis.

2.2 | Specimen collection

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Xinjiang Medical University. In total, 78 pairs
of surgically resected tumor and adjacent non-tumorous tissues
were collected between January 2015 and December 2018. The
resected tissue was snap-frozen in liquid nitrogen and stored at
80°C. All patients were diagnosed with osteosarcoma based on
pathological analysis. The patients did not undergo chemotherapy,

radiation therapy, or targeted therapy before surgery. All patients

provided written informed consent to use the tissue specimens
for the study.

2.3 | Cell culture and construction of stable
cell lines

The osteosarcoma cell lines (MG-63, SW1353, Saos-2, and U20S)
and a human osteoblast cell line (hFOB1.19) were purchased from the
American Type Culture Collection (ATCC). The cells were cultured
in Dulbecco's modified Eagle's medium (DMEM; HyClone) supple-
mented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific)
and 1% penicillin (Biosharp) at 37°C and 5% CO,. The lentiviral
vector containing the IncRNA PVT1 shRNA (shPVT1#1:5'-CCCAA-
CAGGAGGACAGCUUTT-3'"; shPVT1#2:5'-GGACTTGAGAACTGTC-
CTTAC-3'; shPVT1#3:5-GCTCCACCCAGAAGCAATTCA-3') was
designed and synthesized by GENECHEM Biotech (http://genec
hem.bioon.com.cn/). The cells were cultured until the logarithmic
phase and transfected with the lentiviral vector containing green
fluorescent protein (GFP) (multiplicity of infection = 30). The empty
virus vector was used as the negative control (shNC). The trans-
fected cells were cultured in the presence of puromycin (Solarbio)
for 5 days to screen for stable cell lines with low IncRNA PVT1 ex-
pression. The efficiency of IncRNA PVT1 knockdown was confirmed
by quantitative real-time reverse transcription-polymerase chain re-
action (qRT-PCR).

2.4 | RNA extraction and qRT-PCR

Total RNA was extracted from the cells or tissues using TRIzol
reagent (Invitrogen). The purity of the extracted RNA was meas-
ured using a spectrophotometer (Unico). Next, the extracted RNA
was subjected to reverse transcription to obtain cDNA using the
PrimeScript RT-PCR kit (TaKaRa). gRT-PCR analysis was performed
using SYBR™ Premix Ex Tag™ (TaKaRa) in the 7500 Fast Real-Time
System (Applied Biosystems). GAPDH was used as a loading con-
trol. The relative expression of IncRNA PVT1 was calculated by
the 27244 method. The following primers were used for gRT-PCR
analysis: IncRNA PVT1 forward, 5-CAGCACTCTGGACGGAC-3';
IncRNA PVT1 reverse, 5-CAACAGGAGAAGCAAACA-3'. GAPDH
forward, 5-ACTAGGCGCT CACTGTTCTC-3'; GAPDH reverse,
5'-ATCCGTTGACTCCGACCTTC-3".

2.5 | Western blotting

Total protein was extracted from the cells and tissues using radio-
immunoprecipitation assay (RIPA) lysis buffer (Biosharp). The ex-
tracted protein was denatured using loading buffer (R&D System:s).
The protein sample was subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) using a 10% gel.

The resolved proteins were transferred onto a polyvinyl difluoride
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(PVDF) membrane (Millipore). The membrane was incubated with
the following primary antibodies (all from Abcam) at 4°C over-
night: anti-GAPDH (ab181602), anti-E-cadherin (ab194982), anti-
vimentin (ab92547), anti-N-cadherin (ab18203), and anti-Snail
(ab229701). The membrane was washed three times with Tris-
buffered saline containing Tween-20 (TBST). The membrane was
then incubated with the secondary antibody at room temperature
for 1 hour. The membrane was washed three times with TBST. The
protein bands were visualized using enhanced chemiluminescence
(ECL) solution.

2.6 | CCK-8 assay

Cell proliferation was analyzed using the CCK8 kit (Dojindo, Japan).
Briefly, the cells (1 x 10° cells/well) were inoculated into 96-well
plates and cultured in DMEM at 37°C for 0, 24, 48, and 72 hours.
Then, 10 pL of CCK-8 solution was added to each well. The absorb-
ance of the solution was measured at 450 nm using a microplate
reader (Bio-Rad).

2.7 | Colony formation assay

Briefly, the cells were inoculated in a 6-well plate (500 cells/well) and
cultured in complete DMEM for 8-12 days. The cells were washed
with phosphate buffered saline (PBS), fixed in methanol for 15 min-

utes, and stained with 0.1% crystal violet for 15 minutes.

2.8 | Transwell assay

Migration and invasion assays were performed using a Transwell
chamber. For the invasion assay, the upper Transwell chamber was
pre-coated with Matrigel (BD Biosciences). For the migration assay,
Matrigel was not added. Briefly, the cells (1 x 10°) were inoculated in
the upper Transwell chamber in a serum-free medium. To the lower
chamber, medium containing 10% FBS was added. The cells were
incubated at 37°C and 5% CO,. The cells were fixed in methanol
for 15 minutes, stained with 0.1% crystal violet for 15 minutes, and

counted under a microscope.

2.9 | Wound healing assay

The wound healing assay was performed to evaluate the cell mi-
gration ability. Briefly, the cells were inoculated in a 6-well plate
until they formed a monolayer. Next, a scratch wound was intro-
duced in the monolayer using a 200-pL pipette tip. The cells were
incubated in complete medium at 37°C and 5% CO,. The repre-
sentative images were captured at O and 24 hours to evaluate

wound healing.

2.10 | Statistical analysis

All statistical analyses were performed using SPSS 20.0 software
(SPSS Inc) and GraphPad Prism 7 (GraphPad Software Inc). The
nominal data were analyzed by the chi-scuare test, whereas the enu-
meration data were analyzed by the t test. Moreover, the Chi-square
test was used to analyze the relationship between IncRNA PVT1 ex-
pression and clinicopathological features of patients. Kaplan-Meier
and log-rank tests were used to analyze the effects of clinicopatho-
logical characteristics on patient prognosis. In this study, the over-
all survival (OS) was used as the main endpoint. The difference was

considered statistically significant when the P-value was <.05.

3 | RESULTS
3.1 | Bioinformatic prediction

We analyzed the five GeneChip microarrays of osteosarcoma and
constructed a volcano plot of the differentially expressed IncRNAs
(Figure 1A). In total, 237 differentially expressed IncRNAs were iden-
tified, including 57 downregulated IncRNAs and 180 upregulated
IncRNAs. The expression of IncRNA PVT1 was markedly upregulated
in osteosarcoma tissue. The GEPIA online analysis revealed that the
osteosarcoma samples exhibited significantly higher expression of
IncRNA PVT1 than that of the normal samples (Figure 1B). The sur-
vival analysis revealed that high IncRNA PVT1 expression was asso-

ciated with poorer prognosis of osteosarcoma (Figure 1C,D).

3.2 | Upregulated expression of IncRNA PVT1 in
osteosarcoma cells and tissues

The results of the bioinformatics analysis were validated by qRT-PCR.
The expression of IncRNA PVT1 was analyzed in 78 pairs of osteo-
sarcoma tissues and adjacent non-tumorous tissues. The osteosar-
coma tissues exhibited significantly higher IncRNA PVT1 expression
than that of the adjacent non-tumorous tissues (Figure 2A). The ex-
pression of INcRNA PVT1 was also determined in osteosarcoma cell
lines. As shown in Figure 2B, the osteosarcoma cell lines exhibited
higher IncRNA PVT1 expression than the normal osteoblast cell line
hFOB1.19. Of the different osteosarcoma cell lines, the MG-63 and
SW1353 cell lines displayed the highest expression of INcRNA PVT1
and were selected for the subsequent cell function assays.

3.3 | Correlation of IncRNA PVT1 expression with
prognosis in patients with osteosarcoma

To investigate the correlation between INncRNA PVT1 expression and
clinicopathological features of patients with osteosarcoma, 78 pa-
tients were categorized into the high IncRNA PVT1 (n = 48) and low
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FIGURE 1 Bioinformatics analysis results. (A) Volcano map of the differentially expressed IncRNAs; (B) the expression level of INcRNA
PVT1 in tumor samples is significantly higher than that of normal samples based on the prediction results of GEPIA online tools; (C)
relationship between expression of IncRNA PVT1 and overall survival of tumor patients; (D) relationship between IncRNA PVT1 expression

and disease free survival in tumor patients. *P < .05

IncRNA PVT1 (n = 30) expression groups using the average expres-
sion of IncRNA PVT1 as a cutoff value. The enhanced expression
of IncRNA PVT1 was strongly correlated with the degree of tumor
differentiation, distant metastasis, and disease stage in patients with
osteosarcoma (P < .05; Table 1). However, IncRNA PVT1 expression
was not correlated with age, sex, tumor location, tumor size, or path-
ological grade (Table 1). The OS of patients with osteosarcoma after
follow-up was plotted. The log-rank test analysis revealed that the
high IncRNA PVT1 expression group had a poorer OS than that of
the low IncRNA PVT1 expression group (Figure 3A). In addition, the

main factors affecting the OS of patients with osteosarcoma were
differentiation, distant metastasis, and disease stage (Figure 3B-D).

Cox regression analysis model was constructed to examine the
effect of IncRNA PVT1 on the prognosis of patients with osteo-
sarcoma. Univariate regression analysis revealed that tumor size,
differentiation, historical grade, distant metastasis, and disease
stage were highly correlated with OS in patients with osteosarcoma
(Table 2). Multivariate regression analysis revealed that high expres-
sion of INcRNA PVT1 was an independent risk factor for the progno-

sis of patients with osteosarcoma (Table 2).
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FIGURE 2 LncRNA PVT1 is upregulated in osteosarcoma. (A) The IncRNA PVT1 expression in the 78 pairs of osteosarcoma and adjacent
normal tissues was detected by gRT-PCR; (B) the expression of INcRNA PVT1 in osteosarcoma cell lines and normal human osteoblast cell
lines was determined by qRT-PCR; (C) the interference efficiency of IncRNA PVT1 expression was verified by gRT-PCR. *P < .001

3.4 | Effects of IncRNA PVT1 on the biological
behavior of osteosarcoma cells

The role of INcRNA PVT1 in osteosarcoma cells was analyzed in vitro
using the MG-63 and SW1353 cell lines. The expression of IncRNA
PVT1 was silenced in MG-63 and SW1353 cells using lentiviral trans-
fection and validated using gRT-PCR (Figure 2C). The effect of IncRNA
PVT1 knockdown on the proliferation of osteosarcoma cells was eval-
uated by CCK-8 assay. The proliferation of shPVT1-transfected cells
was significantly suppressed compared with that of shNC-transfected
cells (Figure 3A). The colony formation capacity of shPVT1-transfected
tumor cells was significantly lower than that of shNC-transfected cells
(Figure 4B). The effect of IncRNA PVT1 knockdown on the migration
and invasion of osteosarcoma cells was evaluated by the Transwell
assay. The knockdown of IncRNA PVT1 significantly inhibited the mi-
gration and invasion abilities of osteosarcoma cells (Figure 4B). The ef-
fect of IncRNA PVT1 knockdown on the migration of osteosarcoma
cells was evaluated by wound healing assay. As shown in Figure 4D,
the migration of shPVT1-transfected cells was significantly suppressed

compared with that of shNC-transfected cells.

3.5 | Role of IncRNA PVT1 in the EMT of
osteosarcoma cells

The EMT is a key step in tumor cell metastasis. Thus, the potential
roles of INncRNA PVT1 in the EMT of osteosarcoma cells were ana-
lyzed. Silencing of IncRNA PVT1 affected the expression of EMT-
associated molecules in osteosarcoma MG-63 and SW1353 cells.
The IncRNA PVT1 knockdown cells exhibited enhanced expression
of E-cadherin and decreased expression of N-cadherin, vimentin,
and Snail (Figure 5).

4 | DISCUSSION

LncRNA PVT1 is reported to be a common retrovirus integration
site in mouse leukemia.’® The integration site is located in the sense
strand of chromosome 8q24 spanning over a genomic region of
300 kb with a length of approximately 1716 nucleotides. The chro-
mosome 8q24 region is the major target for DNA copy number am-

plification in tumor cells. The abnormal amplification of this region
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Low expression High expression

Characteristics n (n=30) (n=48)
Age (y)

<18 30 9 (30.00) 21(43.75)

218 48 21(70.00) 27 (56.25)
Gender

Female 27 12 (40.00) 15(31.25)

Male 51 18 (60.00) 33(68.75)
Tumor site

Femur/tibia 64 26 (86.67) 38(79.17)

Other 14 4(13.33) 10(20.83)
Tumor size (cm)

<3 50 18 (60.00) 32 (66.67)

>3 28 12 (40.00) 16 (33.33)
Differentiation

Well/Median 27 17 (56.67) 10(20.83)

Poor 51 13(43.33) 38(79.17)
Histological grade

G1-G2 38 18 (60.00) 20 (41.67)

G3-G4 40 12 (40.00) 28 (58.33)
Distant metastasis

No 62 28(93.33) 34 (70.83)

Yes 16 2(6.67) 14 (29.17)
Disease stage

| 15 10(33.33) 5(10.42)

Il 28 17 (56.67) 11 (22.92)

1] 35 3(10.00) 32 (66.67)

is generally predictive of a high risk of carcinogenesis.}® Several
studies have revealed that abnormal IncRNA PVT1 expression
plays a critical regulatory role in biological phenotypes, including
cell proliferation, angiogenesis, cell cycle, migration, and invasion.'
Yang et al'® showed that the lung cancer tissues and cells exhibit
increased INcRNA PVT1 expression, which is closely correlated with
the pathological stage and lymph node involvement in patients with
lung cancer. In addition, they demonstrated that patients with high
IncRNA PVT1 expression have a poor prognosis and that the down-
regulation of IncRNA PVT1 expression can inhibit the invasion, mi-

I** demonstrated

gration, and proliferation of tumor cells. Chai et a
that the overexpression of IncRNA PVT1 promotes the invasion,
migration, and proliferation of colorectal cancer cells in vitro and
that IncRNA PVT1, which functions as a competitive endogenous
RNA, regulates tumor growth by sponging miR-455. Niu et al?® dem-
onstrated that gastric cancer tissues exhibit significantly enhanced
expression of INcRNA PVT1 and that IncRNA PVT1 can regulate the
invasion and proliferation of gastric cancer cells via targeted regula-
tion of miR-125 activity. Zhang et al?! revealed that IncRNA PVT1
expression was upregulated in glioma and that silencing of IncRNA
PVT1 induces GO/G1 cell cycle arrest and suppresses cell invasion

and proliferation.

TABLE 1 Associations between
LncRNA PVT1 expression and

7 P clinicopathological characteristics of
patients with osteosarcoma
1.475 225
0.625 429
0.705 401
0.357 .550
10.474 .001
2.484 115
5.732 .017
24.111 .000

There are limited studies on the role of IncRNA PVT1 in os-
teosarcoma. In 2017, Zhou et al?? reported that osteosarcoma tis-
sues overexpress IncRNA PVT1 and that silencing IncRNA PVT1
induces cell cycle arrest and apoptosis and suppresses migration,
proliferation, and invasion of osteosarcoma cells by exerting a
negative regulatory effect on miR-195. Song et al?®® reported that
IncRNA PVT1 is also involved in glucose metabolism and prolifer-
ation of osteosarcoma cells through the miR-497/HK2 pathway.
Sun et al?** demonstrated that InNcRNA PVT1 is involved in the re-
sistance of osteosarcoma cells through activation of the c-MET/
PI3K/AKT pathway. Recently, Chen et al*® revealed that ALKBH5-
mediated mé6A modification of IncRNA PVT1 is involved in the
occurrence of osteosarcoma. Consistent with these studies, the
results of this study revealed that the expression of IncRNA PVT1
was upregulated in osteosarcoma cell lines and tissues. In addition,
we demonstrated that IncRNA PVT1 expression was highly cor-
related with TNM stage, tumor differentiation, and distant metas-
tasis in patients with osteosarcoma. Furthermore, high expression
of INcRNA PVT1 can be utilized as an independent prognostic risk
indicator for osteosarcoma. Knockdown of IncRNA PVT1 expres-
sion suppressed the invasion, migration, and proliferation of os-

teosarcoma cells.
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FIGURE 3 Survival curve of 78 cases patients with osteosarcoma. (A) Expression of IncRNA PVT1 and overall survival in patients with
osteosarcoma; (B) degree of tumor differentiation and overall survival in patients with osteosarcoma; (C) distant metastasis and overall
survival in patients with osteosarcoma; (D) disease stage and overall survival in patients with osteosarcoma

TABLE 2 Univariate and multivariate Cox regression of prognostic factors of patients with osteosarcoma

Parameter

Age (<18 yvs > 18y)

Gender (Female vs male)

Tumor site (Femur/tibia vs other)
Tumor size (<3 vs > 3 cm)
Differentiation (well/Median vs Poor)
Histological grade(G1-G2 vs G3-G4)
Distant metastasis (no vs yes)
Disease stage (I-11 vs I11)

LncRNA PVT1 expression (Low vs high)

Univariate analysis

HR

0.791
1.663
1.755
1.969
7.881
1.888
4.221
4.944
4.695

95% Cl

0.429-1.457
0.851-3.250
0.861-3.575
1.071-3.622
2.793-22.238
1.011-3.523
2.195-8.119
2.703-9.042
2.075-10.621

452
137
121
.029
.000
.046
.000
.000
.000

Multivariate analysis

HR 95% Cl P

1.755 0.93-3.314 .083
1.759 0.896-3.454 101
2.930 1.006-8.529 .049
2.091 1.018-4.296 .045
3.793 1.794-8.021 .000
1.308 1.088-3.504 .039
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FIGURE 4 LncRNA PVT1 and malignant biological behavior of osteosarcoma cells. (A) Analysis of the effect of shPVT1 on the
proliferation of osteosarcoma cells by CCK-8; (B) the colony formation assay was used to evaluate the effect of shPVT1 on osteosarcoma cell
viability; (C) detection the effect of shPVT1 on migration and invasion of osteosarcoma cells by transwell assay; (D) wound healing was used
to analyze the effect of shPVT1 on the migration ability of osteosarcoma cells. *P < .001

EMT is involved in tumor metastasis and invasion.?® The hall-
marks of EMT are decreased expression of E-cadherin and in-
creased expression of vimentin and N-cadherin.?’ Various studies
have confirmed the correlation between IncRNAs and EMT key
effectors during carcinogenesis: Zheng et al?® revealed that In-
cRNA PVT1 can regulate the invasion of esophageal cancer cells

by inducing EMT; Zhang et al?’ proposed that IncRNA PVT1 may

play an oncogenic role by regulating EMT through the TGFp/Smad
pathway in pancreatic cancer. In this study, we demonstrated that
knockdown of INncRNA PVT1 expression could enhance E-cadherin
expression and decrease N-cadherin and vimentin expression.
These results were consistent with those of Zhang et al This in-
dicated that IncRNA PVT1 promoted osteosarcoma by regulating
EMT.
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FIGURE 5 Analysis of the effect of

shPVT1 on EMT of osteosarcoma cells by
western blot. *P < .001
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CONCLUSION

This study demonstrated the upregulation of INcRNA PVT1 expres-

sion

in osteosarcoma cells and tissues and that IncRNA PVT1 is a

potential therapeutic target for osteosarcoma. However, further

studies are needed to elucidate the molecular mechanism by which

IncRNA PVT1 promotes the progression of osteosarcoma.
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