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Introduction: Osteosarcoma is a malignant primary bone cancer and is lethal to children and 

adolescents. Recently, the dysregulation of long noncoding RNAs (lncRNAs) has been shown 

in various types of cancers.

Aim: The present study aimed to examine the role of the lncRNA prostate cancer-associated 

transcript 1 (PCAT1) in osteosarcoma progression.

Materials and methods: The expression levels of relevant genes in clinical samples and cell 

lines were determined by quantitative real-time polymerase chain reaction. Cell proliferation, 

invasion and migration were examined by CCK-8 assay, transwell invasion and migration assay, 

respectively. Cell apoptosis and cell cycle were detected by flow cytometry. Protein levels were 

detected by Western blot.

Results: Our results showed that PCAT1 was upregulated in osteosarcoma tissues when com-

pared to normal bone tissues. PCAT1 was also upregulated in osteosarcoma cell lines when 

compared to normal bone cell line. The upregulation of PCAT1 was significantly associated 

with advanced clinical stage, tumor metastasis and shorter overall survival in patients with 

osteosarcoma. In vitro studies showed that overexpression of PCAT1 in MG-63 cells enhanced 

cell proliferation, cell invasion and migration and epithelial-to-mesenchymal transition (EMT); 

decreased cell apoptotic rate; and also caused an increase in cell population at S phase with a 

decrease in cell population at G
0
/G

1
 phase. Knockdown of PCAT1 in U2OS cells suppressed cell 

proliferation, cell invasion and migration, and EMT; increased cell apoptotic rate; and caused an 

increase in the cell population at G
0
/G

1
 phase with a decrease in cell population at S phase.

Conclusion: Taken together, our results suggest the oncogenic role of PCAT1 in osteosarcoma 

progression.
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Introduction
Osteosarcoma is a malignant primary bone cancer, and it occurs mainly in children 

and adolescents.1 The incidence of osteosarcoma is approximately 30 new cases per 

million worldwide annually.2,3 Because osteosarcoma is highly aggressive and rapidly 

metastasizes, the patients with osteosarcoma have a poor survival with a 5-year survival 

rate of ,20%.4 The treatments for osteosarcoma were mainly surgery, chemotherapy 

and palliative radiotherapy.5 However, the efficacy of these treatments is quite limited, 

and the diagnosis of osteosarcoma is also restricted due to the poor understanding of 

the molecular mechanisms underlying osteosarcoma progression. Therefore, more 

investigation should be carried out to identify novel biomarkers and therapeutic targets 

for the treatment of osteosarcoma.
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Recently, the roles of long noncoding RNAs (lncRNAs) in 

cancer progression have been intensively investigated due to 

the diverse cellular functions (cell growth, metastasis, apopto-

sis, differentiation) of lncRNAs.6,7 The lncRNAs are a class of 

endogeneous RNA with more than 200 nucleotides in length 

and cannot code proteins.8 The dysregulation of lncRNAs has 

been implicated in various types of cancers. The lncRNA 

HOTAIR is very important in cancer progression and is found 

to reprogram chromatin state to promote cancer metastasis 

such as colorectal cancer, liver cancer and breast cancer.9–11 

Studies also found that the lncRNA HULC cooperates with 

MALAT1 to aggravate liver cancer stem cells growth through 

telomere repeat-binding factor 2.12 The lncRNA TUG1 

overexpression promotes cervical cancer cell proliferation 

and migration.13 The newly discovered lncRNA prostate 

cancer-associated transcript 1 (PCAT1) was identified in 

prostate cancer and was associated with prostate cancer 

progression.14 Later on, the role of PCAT1 was identified in 

other types of cancers including colorectal cancer, esopha-

geal squamous carcinoma, bladder cancer, liver cancer and 

lung cancer, and PCAT1 was upregulated in these cancer 

tissues and overexpression of PCAT1 promoted cancer 

progression,15–18 suggesting the oncogenic roles of PCAT1 

in the cancer progression. As far as we know, the role of 

PCAT1 in osteosarcoma progression remains unknown. In 

this regard, it is important for us to characterize the role of 

PCAT1 in the osteosarcoma development.

In this study, we explored the potential role of PCAT1 

in osteosarcoma progression by using clinical samples and 

osteosarcoma cell lines. The expression levels of PCAT1 in 

osteosarcoma tissues and normal bone tissues were examined 

by quantitative real-time polymerase chain reaction (qRT-

PCR), and the relationship between PCAT1 expression levels 

and clinicopathological features was also explored. In addi-

tion, the effects of PCAT1 on cell proliferation, cell invasion, 

cell migration, epithelial-to-mesenchymal transition (EMT), 

cell apoptosis and cell cycle in osteosarcoma cell lines were 

also explored by the gain/loss-of-functional assays.

Materials and methods
clinical sample collection and patient 
follow-up study
All the clinical samples were collected from 30 patients with 

osteosarcoma in Tianjin Medical University General Hospital 

between 2012 and 2016. The osteosarcoma tissues or adjacent 

normal bone tissues were collected from patients who under-

went surgical intervention. All the procedures were approved 

by the Ethics Committee of Beijing Luhe Hospital Capital 

Medical University, and written informed consent was 

also obtained from the all 30 enrolled patients. None of the 

patients had chemotherapy or radiotherapy prior to surgical 

intervention. The clinicopathological features including sex, 

age, tumor size, tumor location, clinical stage and tumor 

metastasis are shown in Table 1. After the surgical interven-

tion, the patients were further followed up every 2–4 months 

for 5 years. Physical examination, imageological diagnosis 

and laboratory tests were carried out at every visit. Overall 

survival of these patients was calculated from diagnosis to 

death. The date of the patient’s last completed follow-up 

examination should be used as the date of dropout.

cell lines and cell culture
The normal bone cell line NHost and osteosarcoma cell 

lines, including LM7, KHOS, MG-63 and U2OS, were all 

purchased from the ATCC company (Manassas, VA, USA). 

All the cell lines were kept in the Dulbecco’s Modified Eagle’s 

Medium (DMEM; Thermo Fisher Scientific, Waltham, MA, 

USA) supplemented with 10% fetal bovine serum (FBS; 

Thermo Fisher Scientific) at 37°C with 95% CO
2
.

Plasmids, sirnas and transfection
The pcDNA3.1 plasmids and PCAT1-overexpressing plas-

mids, pcDNA3.1-PCAT1, were commercially synthesized 

by GenePharma (Shanghai, People’s Republic of China). 

The siRNA for knocking down PCAT1 and its corresponding 

Table 1 The clinicopathological parameters of 30 patients with 
osteosarcoma and the relationship between PcaT1 expression 
level and clinicopathological characteristics

Factors Number of 
patients (n)

PCAT1 P-values

Low 
expression

High 
expression

sex 0.9607
Female 16 7 9
Male 14 6 8

age (years) 0.7851
,20 17 7 10
$20 13 6 7

Tumor size (cm) 0.5474
,8 12 6 6
$8 18 7 11

location 0.5257
Femur/tibia 23 10 13
elsewhere 7 3 4

clinical stage 0.0211
i 11 8 3
ii 10 4 6
iii 9 1 8

Tumor metastasis 0.0012
no 13 10 3
Yes 17 3 14

Abbreviation: PcaT1, prostate cancer-associated transcript 1.
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scrambled siRNA were purchased from RiboBio (Guangzhou, 

People’s Republic of China). All the in vitro transfec-

tions were performed with Lipofectamine 2000 Reagent 

(Invitrogen, Carlsbad, CA, USA) based on the protocols 

provided by the manufacturer. At 48 h post-transfection, cells 

were processed for further experimentation.

Quantitative real-time Pcr
Total RNA was extracted from osteosarcoma tissues or cell 

lines (at 48 h after transfection) by using TRIzol reagent 

(Invitrogen). The RNA was reversely transcribed by 

using the cDNA Synthesis Kit (Takara, Dalian, People’s 

Republic of China). Then, the expression levels of PCAT1 

were examined using the SYBR-Green PCR Master Mix kit 

(Takara) and the ABI7500 real-time PCR system (Applied 

Biosystems, Foster City, CA, USA). GAPDH was used 

as an internal control. The primers used were as follows: 

PCAT1, forward, 5′-TTGTGGAAGCCCCGCAAGGCCTG

AA-3′, reverse, 5′-TGTGGGGCCTGCACTGGCACTT-3′; 
N-cadherin, forward, 5′-CGAGCCGCCTGCGCTGCC 

AC-3′, reverse, 5′-CGCTGCTCTCCGCTCCCCGC-3′; 
vimentin, forward, 5′-TACAGGAAGCTGCTGGAA 

GG-3′, reverse, 5′-ACCAGAGGGAGTGAATCCAG-3′; 
E-cadherin, forward, 5′-TACGCCTGGGACTCCACCTA-3′, 
reverse, 5′-CCAGAAACGGAGGCCTGAT-3′; GAPDH, for-

ward, 5′-CGGAGTCAACGGATTTGGTCGTAT-3′, reverse,  

5 ′ - A G C C T T C T C C A T G G T G G T G A A G A C - 3 ′ . 

The expression levels of relevant genes were calculated 

using the comparative Ct method.

cell proliferation assay
After transfection (pcDNA3.1, pcDNA3.1-PCAT1, scram-

bled siRNA or PCAT1 siRNA), cells were seeded in 96-well 

plates, and at 0, 24, 48, 72 and 96 h post-transfection, cell 

proliferation was measured with a Cell Counting Kit-8 kit 

(Dojindo Laboratories, Kamimashiki-gun, Japan) accord-

ing to the manufacturer’s instructions. The OD values were 

measured at a wavelength of 450 nm with a Gen5 microplate 

reader (BioTek, Winooski, VT, USA).

cell invasion and migration assay
At 48 h after transfection (pcDNA3.1, pcDNA3.1-PCAT1, 

scrambled siRNA or PCAT1 siRNA), cells were seeded in the 

upper chamber of an insert (8 μm pore size; Corning Costar, 

Corning, NY, USA) containing DMEM medium without 

FBS (for invasion assay, the insert was coated with Matrigel; 

for the migration assay, the insert had no Matrigel coating), 

and the lower chamber contained the DMEM medium 

supplemented with 10% FBS. After incubation for 24 h, 

the cells remaining on the upper membrane were removed 

with a cotton swab, and the cells that invaded through the 

membrane were fixed with methanol and 0.1% crystal violet, 

and examined under a light microscope.

cell apoptosis and cell cycle assay
At 48 h after transfection (pcDNA3.1, pcDNA3.1-PCAT1, 

scrambled siRNA or PCAT1 siRNA), the transfected cells 

were trypsinized and cell apoptosis was detected using the 

Annexin V-FITC Apoptosis Detection Kit (BD Biosciences, 

San Jose, CA, USA). Cells were pelleted and washed with 

cold PBS suspended with cold PB, and the cells were then 

treated with Annexin V-propidium iodide (PI) in the dark at 

room temperature according to the manufacturer’s instruc-

tions. The cells were subjected to flow cytometry analysis 

(FACSCalibur, BD Biosciences). For cell cycle analysis, the 

transfected cells were fixed with 70% ethanol overnight and 

stained with PI in the presence of Ribonuclease A (Takara) 

for 30 min at room temperature. The cell cycle distribution 

was analyzed by flow cytometry (FACSCalibur).

Western blot assay
At 48 h after transfection (pcDNA3.1, pcDNA3.1-PCAT1, 

scrambled siRNA or PCAT1 siRNA), proteins from cells 

were extracted by using RIPA protein extraction reagent 

supplemented with a protease inhibitor cocktail (Roche, 

Basel, Switzerland). The concentration of proteins was 

measured by a Bio-Rad protein assay kit (Bio-Rad, Hercules, 

CA, USA). In total, 50 μg of protein was separated by 10% 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis, 

and then transferred to nitrocellulose membranes (Sigma-

Aldrich Co., St Louis, MO, USA). The membranes were 

blocked with 5% skim milk for 1 h at room temperature, 

and the membranes were incubated with 1:1,000 rabbit 

anti-N-cadherin antibody, 1:1,000 rabbit anti-vimentin anti-

body, 1:1,000 rabbit anti-E-cadherin antibody and 1:2,000 

rabbit anti-β-actin antibody (Abcam, Cambridge, UK) 

overnight at 4°C. After washing with TBST buffer, the 

membranes were incubated with horseradish peroxidase 

link-coupled secondary antibody at room temperature for 1 h. 

The ECL kit was used to visualize the bands, and the intensity 

of the bands was quantified by densitometry (Quantity One 

software, Bio-Rad).

statistical analysis
All the statistical analyses were performed by using the SPSS 

software. All the data were expressed as mean ± SEM. The 

categorical data (clinicopathological data) were examined 

by chi-square test, and the continuous data were examined 
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by Student’s t-test or one-way analysis of variance. Survival 

curve was analyzed by the Kaplan–Meier method, and the 

statistical significance was tested by long-rank test. The pre-

dictors of overall survival determined in univariate analysis 

were further confirmed by multivariate analysis using the 

Cox’s proportional hazards model. The statistical analysis was 

considered to be significant when P-values were ,0.05.

Results
PcaT1 was upregulated in osteosarcoma 
tissues and was correlated with several 
clinical features in patients with 
osteosarcoma
As far as we know, the role of PCAT1 was not examined 

in the osteosarcoma; thus, we first performed qRT-PCR 

experiments to look at the expression levels of PCAT1 in 

osteosarcoma tissues and also made a comparison to the 

expression levels of PCAT1 in normal adjacent bone tissues 

in 30 patients with osteosarcoma. In Figure 1A, the qRT-

PCR results showed that the expression levels of PCAT1 in 

osteosarcoma tissues were significantly higher than those 

in their respective normal adjacent bone tissues. Further, 

the expression levels of PCAT1 in osteosarcoma tissues 

were divided into “low expression level of PCAT1” and 

“high expression level of PCAT1” according to the mean 

values of PCAT1 expression in osteosarcoma tissues, and 

the association between PCAT1 expression level and the 

clinicopathological features in these patients was explored. 

In Table 1, the results showed that the expression level of 

PCAT1 was not significantly correlated with sex, age, tumor 

size or the location of osteosarcoma, while high expression 

of PCAT1 was positively correlated with advanced clinical 

stage and tumor metastasis. In addition, the expression 

levels of PCAT1 were also significantly higher in patients 

with metastatic osteosarcoma when compared to those in 

patients with non-metastatic osteosarcoma (Figure 1B), and 

the expression levels of PCAT1 were significantly higher 

in patients with advanced clinical stage (Figure 1C). After 

the upregulation of PCAT1 was confirmed in osteosarcoma 

tissues, the expression levels of PCAT1 in osteosarcoma cell 

lines were also examined by qRT-PCR. In Figure 1D, the 

results showed that PCAT1 was highly upregulated in the 

osteosarcoma cell lines including KHOS, MG-63, LM7 and 

U2OS when compared to the normal bone cell line NHost.

high expression level of PcaT1 in 
osteosarcoma tissues predicted poor 
prognosis in patients with osteosarcoma
The overall survival in these recruited 30 patients was also 

followed. We compared the overall survival rates of patients 

with high expression level of PCAT1 to those of patients with 

low expression level of PCAT1 by using the Kaplan–Meier 

Figure 1 The expression levels of PcaT1 in osteosarcoma tissues and cell lines. (A) The comparison of PcaT1 expression levels between normal adjacent bone tissues and 
osteosarcoma tissues from 30 patients with osteosarcoma. The PcaT1 expression levels were measured by qrT-Pcr. (B) qrT-Pcr analysis of PcaT1 expression levels in 
osteosarcoma tissues from patients with non-metastasis (n=13) or metastasis (n=17) osteosarcoma. (C) qrT-Pcr analysis of PcaT1 expression levels in osteosarcoma tissues 
from patients with different clinical stages (i=11, ii=10, iii=9). (D) The expression levels of PcaT1 in normal bone cell lines and osteosarcoma cell lines as determined by qrT-Pcr, 
n=3. Significant differences among groups were determined by Student’s t-test or one-way analysis of variance followed by Tukey’s multiple comparison test. *P,0.05, **P,0.01.
Abbreviations: PcaT1, prostate cancer-associated transcript 1; qrT-Pcr, quantitative real-time polymerase chain reaction.
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survival curves, and Figure 2 shows that patients with 

high expression level of PCAT1 in osteosarcoma tissues 

had shorter survival rates when compared to patients with 

low expression level of PCAT1 in osteosarcoma tissues 

(Figure 2). In addition, we also performed the Cox regression 

analysis to evaluate the significance of PCAT1 as a prog-

nostic factor in osteosarcoma progression. In the univariate 

analysis, sex, age, tumor size and tumor location were not 

correlated with the overall survival rate in patients with 

osteosarcoma, whereas clinical stage, tumor metastasis and 

PCAT1 were significantly associated with overall survival 

rate in patients with osteosarcoma (Table 2). Multivariate 

analysis demonstrated that only metastasis and high expres-

sion level of PCAT1 were correlated with the overall survival 

rate of patients with osteosarcoma, and clinical stage was 

not significantly correlated with the overall survival rate 

(Table 2). Taken together, PCAT1 may be an important 

prognostic factor for the clinical outcomes in patients with 

osteosarcoma.

effects of PcaT1 on cell proliferation, 
invasion and migration in osteosarcoma 
cells
To further understand the molecular mechanisms of PCAT1 

underlying osteosarcoma development, we performed a 

series of gain/loss-of-function assays including CCK-8 

assay, transwell invasion assay and Transwell migration 

assay. As shown in Figure 3A, the results showed that the 

expression level of PCAT1 in MG-63 cells transfected with 

pcDNA3.1-PCAT1 plasmid was significantly higher than 

that in MG-63 cells transfected with pcDNA3.1 plasmid, 

suggesting the PCAT1-overexpressing MG-63 cells were 

successfully achieved by pcDNA3.1-PCAT1 plasmid trans-

fection. As shown in Figure 3B, the results showed that the 

expression level of PCAT1 in U2OS cells transfected with 

PCAT1 siRNA was significantly lower than that in U2OS 

cells transfected with scrambled siRNA, suggesting that 

the downregulation of PCAT1 in osteosarcoma cells was 

achieved by PCAT1 siRNA transfection. For the CCK-8 

assay, at 72 and 96 h post-transfection, the cell growth 

index was significantly higher in MG-63 cells transfected 

with pcDNA3.1-PCAT1 plasmids compared to cells trans-

fected with pcDNA3.1 (Figure 3C), while the cell growth 

index was significantly lower in U2OS cells transfected 

with PCAT1 siRNA than that in U2OS cells transfected with 

scrambled siRNA (Figure 3D).

The Transwell invasion assay showed that the number of 

invaded cells in PCAT1-overexpressing MG-63 cells was sig-

nificantly increased when compared to negative control group 

(transfected with pcDNA3.1 plasmid, Figure 4A), while the 

number of invaded cells in PCAT1-knockdown U2OS cells 

was significantly decreased when compared to control group 

(transfected with scrambled siRNA, Figure 4B). Further, 

Transwell migration assay showed that overexpression of 

PCAT1 in MG-63 cells significantly increased the number of 

migrated cells when compared to control group (Figure 4C), 

and downregulation of PCAT1 in U2OS cells significantly 

decreased the number of migrated cells when compared to 

control group (Figure 4D).

effects of PcaT1 on cell apoptosis and 
cell cycle in osteosarcoma cells
The effects of PCAT1 on cell apoptosis and cell cycle in 

osteosarcoma cells were analyzed by flow cytometry assay. 

As shown in Figure 5A, PCAT1 overexpression in MG-63 

cells significantly reduced the percentage of apoptotic 

Figure 2 Kaplan–Meier’s survival analysis in patients with osteosarcoma. The high 
expression of PcaT1 was positively correlated with shorter overall survival rate in 
patients with osteosarcoma.
Abbreviation: PcaT1, prostate cancer-associated transcript 1.

Table 2 Univariate and multivariate analyses of factors related 
with overall survival in patients with osteosarcoma patients

Factors Overall survival

Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

sex (male) 1.11 (0.43–2.67) 0.582
age ($20 years) 1.23 (0.51–3.47) 0.679

Tumor size 
($8 cm)

3.88 (0.57–4.31) 0.354

location 
(elsewhere)

0.77 (0.23–1.68) 0.377

clinical stage (iii) 2.11 (1.58–4.07) 0.021 1.43 (0.72–4.11) 0.231
Tumor 
metastasis (yes)

3.67 (1.59–4.11) 0.0078 3.21 (1.43–4.07) 0.088

PcaT1 
expression (high)

4.22 (1.37–4.22) 0.0089 4.01 (1.56–4.57) 0.012

Abbreviations: CI, confidence interval; HR, hazard ratio; PCAT1, prostate cancer-
associated transcript 1.
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cells when compared to control group, while as shown 

in Figure 5B, the results showed that downregulation of 

PCAT1 in U2OS cells significantly increased the percent-

age of apoptotic cells when compared to control group. Cell 

cycle analysis showed that overexpression of PCAT1 in 

MG-63 cells decreased the cell population at G
0
/G

1
 phase 

and increased the cell population at S phase (Figure 5C), and 

downregulation of PCAT1 in U2OS cells increased the cell 

population at G
0
/G

1
 phase and decreased the cell population 

at S phase (Figure 5D).

effects of PcaT1 on eMT in 
osteosarcoma cells
The effects of PCAT1 on the expression of EMT-related 

markers were determined by qRT-PCR and Western blot. The 

qRT-PCR results showed that MG-63 cells transfected with 

pcDNA3.1-PCAT1 had higher mRNA expression levels of 

N-cadherin and vimentin, and lower mRNA expression level 

of E-cadherin when compared to control group (Figure 6A), 

and U2OS cells transfected with PCAT1 siRNA had lower 

mRNA expression levels of N-cadherin and vimentin, and 

higher mRNA expression level of E-cadherin (Figure 6B). 

Western blot results showed that overexpression of PCAT1 

in MG-63 cells increased the protein levels of N-cadherin 

and vimentin, and decreased the protein level of E-cadherin 

(Figure 6C), while downregulation of PCAT1 in U2OS cells 

decreased the protein levels of N-cadherin and vimentin, and 

increased the protein level of E-cadherin (Figure 6D).

Discussion
In the present study, we for the first time identified the poten-

tial role of PCAT1 in osteosarcoma progression. Our results 

found that PCAT1 was upregulated in osteosarcoma tissues 

when compared to normal bone tissues. The upregulation of 

PCAT1 was significantly associated with advanced clinical 

stage and tumor metastasis. The Kaplan–Meier analysis 

further showed that high expression of PCAT1 predicts 

shorter overall survival of patients with osteosarcoma. The 

univariate and multivariate analyses demonstrated that tumor 

metastasis and high expression of PCAT1 were predictors 

of shorter overall survival of patients with osteosarcoma. 

In vitro studies showed that overexpression of PCAT1 in 

MG-63 cell enhanced cell proliferation, cell invasion and 

cell migration; increased cell apoptosis; altered cell cycle; 

and also promoted EMT, while knockdown of PCAT1 in 

U2OS cell exerted the opposite effects. Taken together, our 

Figure 3 effects of PcaT1 on cell proliferation in osteosarcoma cells. qrT-Pcr analysis of PcaT1 expression levels in (A) Mg-63 cells transfected with pcDna3.1 plasmid 
or pcDna3.1-PcaT1 plasmid, and in (B) U2Os cells transected with scrambled sirna or PcaT1 sirna. ccK-8 assay analysis of cell proliferation in (C) Mg-63 cells 
transfected with pcDna3.1 plasmid or pcDna3.1-PcaT1 plasmid, and in (D) U2Os cells transfected with scrambled sirna or PcaT1 sirna. n=3. Significant differences 
among groups were determined by student’s t-test. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: PcaT1, prostate cancer-associated transcript 1; qrT-Pcr, quantitative real-time polymerase chain reaction.
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Figure 4 effects of PcaT1 on cell invasion and migration in osteosarcoma cells. Transwell invasion assay analysis of cell invasion in (A) Mg-63 cells transfected with 
pcDna3.1 plasmid or pcDna3.1-PcaT1 plasmid and in (B) U2Os cells transfected with scrambled sirna or PcaT1 sirna. Transwell migration assay analysis of cell 
migration in (C) Mg-63 cells transfected with pcDna3.1 plasmid or pcDna3.1-PcaT1 plasmid and in (D) U2Os cells transfected with scrambled sirna or PcaT1 sirna. 
n=3. Significant differences among groups were determined by Student’s t-test. *P,0.05, **P,0.01.
Abbreviation: PcaT1, prostate cancer-associated transcript 1.

results suggest the oncogenic role of PCAT1 in osteosarcoma 

progression.

The expression levels of PCAT1 in clinical samples have 

been revealed in various types of cancers. In the colorectal 

cancer, the PCAT1 transcripts were expressed at higher levels 

in most tumor tissues compared with the non-tumor tissues, 

and overexpression of PCAT1 is a novel biomarker of poor 

prognosis in patients with colorectal cancer.19 In esophageal 

squamous carcinoma, PCAT1 was upregulated in esophageal 

squamous carcinoma tissues as compared to the paired 

normal tissues, and upregulation of PCAT1 correlates with 

advanced clinical stage and poor prognosis in esophageal 

squamous carcinoma.15 In human hepatocellular carcinoma 

(HCC), PCAT1 expression in HCC tissues was significantly 

increased compared with adjacent non-tumor tissues, and 

PCAT1 upregulation may serve as a novel biomarker 
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Figure 5 effects of PcaT1 on cell apoptosis and cell cycle in osteosarcoma cells. Flow cytometry assay analysis of cell apoptosis in (A) Mg-63 cells transfected with 
pcDna3.1 plasmid or pcDna3.1-PcaT1 plasmid and in (B) U2Os cells transfected with scrambled sirna or PcaT1 sirna. Flow cytometry analysis of cell cycle in (C) 
Mg-63 cells transfected with scrambled pcDna3.1 plasmid or pcDna3.1-PcaT1 plasmid and in (D) U2Os cells transfected with scrambled sirna or PcaT1 sirna. n=3. 
Significant differences among groups were determined by Student’s t-test. *P,0.05.
Abbreviation: PcaT1, prostate cancer-associated transcript 1.

Figure 6 effects of PcaT1 on eMT in osteosarcoma cells. qrT-Pcr analysis of the mrna expression levels of n-cadherin, vimentin and e-cadherin in (A) Mg-63 cells 
transfected with pcDna3.1 plasmid or pcDna3.1-PcaT1 plasmids and in (B) U2Os cells transected with scrambled sirna or PcaT1 sirna. Western blot analysis of 
protein levels of n-cadherin, vimentin and e-cadherin in (C) Mg-63 cells transfected with pcDna3.1 plasmid or pcDna3.1-PcaT1 plasmid and in (D) U2Os cells transected 
with scrambled sirna or PcaT1 sirna. n=3. Significant differences among groups were determined by Student’s t-test. *P,0.05, **P,0.01.
Abbreviations: PcaT1, prostate cancer-associated transcript 1; eMT, epithelial-to-mesenchymal transition; qrT-Pcr, quantitative real-time polymerase chain reaction.
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of poor prognosis in HCC patients.20 In gastric cancer, 

PCAT1 expression was elevated in gastric cancer tissues 

and cell lines, and PCAT1 levels were highly positively 

correlated with invasion depth, TNM stages and lymphatic 

metastasis.21 In agreement with previous studies, our data 

showed that PCAT1 was upregulated in osteosarcoma tissues 

and upregulation of PCAT1 was correlated with advanced 

clinical stage, tumor metastasis and shorter overall survival 

in patients with osteosarcoma. However, the limitation of the 

clinical data was small sample size, and more samples from 

patients with osteosarcoma may be collected and analyzed 

in the future studies.

In in vitro studies, PCAT1 was found to be upregu-

lated in a series of cancer cell lines, including HCC cell 

lines, gastric cell lines, colorectal cancer cell lines and 

lung cancer cell lines. In HCC, PCAT1 suppression using 

PCAT1 small hairpin RNA in HepG2 and Bel-7402 cells 

inhibited cell proliferation and migration.22 In the gastric 

cell lines, PCAT1 knockdown through shRNA in AGS and 

MGC-803 cells inhibited cell proliferation, migration and 

invasion by regulating CDKN1A.23 In lung cancer, PCAT1 

overexpression promotes proliferation and metastasis in 

non-small-cell lung cancer cells.17 Consistently, our results 

showed that overexpression of PCAT1 increased cell pro-

liferation, invasion and migration, while knockdown of 

PCAT1 inhibited cell proliferation, invasion and migration, 

suggesting the oncogenic role of PCAT1 in osteosarcoma 

cells. To gain further knowledge on underlying molecu-

lar mechanisms, flow cytometry experiments were also 

performed, and overexpression of PCAT1 decreased the 

cell apoptotic rate and also caused a decrease in the cell 

population at G
0
/G

1
 phase with an increase in cell popula-

tion at S phase, while downregulation of PCAT1 played 

the opposite role. Consistently, downregulation of PCAT1 

was found to induce cell apoptosis and alter cell cycle in 

colorectal cancer cells and bladder cancer cells,16,24 while 

upregulation of PCAT1 inhibited cell apoptosis in liver 

cancer cells.22

EMT is a conserved cellular process, which is character-

ized by loss of cell polarity in epithelial cells and developing 

characteristics of interstitial cells, which can invade and 

migrate through the body, and EMT has been regarded as an 

important mechanism of tumor metastasis. The EMT-related 

metastasis has been demonstrated in the various studies for 

osteosarcoma.25–28 EMT can be observed by detecting the 

epithelial markers, such as E-cadherin, and mesenchymal 

markers, such as vimentin and N-cadherin. In the present 

study, qRT-PCR and Western blot were used to detect the 

expression of EMT markers in experimental cells, and our 

results confirmed that overexpression of PCAT1 promoted 

EMT and downregulation of PCAT1 suppressed EMT in 

osteosarcoma cells. Though the effects of PCAT1 were not 

examined in previous studies, other lncRNAs were found 

to exert their regulatory role in osteosarcoma via EMT. 

Overexpression of GAS5 was found to suppress EMT in 

osteosarcoma,29 and downregulation of HNF1A-AS1 was 

found to suppress EMT in osteosarcoma,30 and inhibitory 

effects of SPRY4-IT1 on cell migration and invasion were 

partly associated with EMT process in osteosarcoma cells.31 

Collectively, these results suggested that the effects of 

PCAT1 on cell invasion and migration may be associated 

with ETM in the osteosarcoma.

In summary, the present study demonstrated high upregu-

lation of PCAT1 in osteosarcoma tissues was associated 

with poor prognosis. In addition, PCAT1 promoted cell 

proliferation, invasion, migration and EMT in osteosarcoma. 

The results of present studies suggest the oncogenic role of 

PCAT1 in osteosarcoma progression.

Acknowledgment
The authors would like to thank Dr Zhou for his help with 

the data analysis with SPSS software.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J 

Clin. 2016;66(1):7–30.
 2. Bielack SS, Hecker-Nolting S, Blattmann C, Kager L. Advances in the 

management of osteosarcoma. F1000Res. 2016;5:2767.
 3. He X, Gao Z, Xu H, Zhang Z, Fu P. A meta-analysis of randomized 

control trials of surgical methods with osteosarcoma outcomes. J Orthop 
Surg Res. 2017;12(1):5.

 4. Lindsey BA, Markel JE, Kleinerman ES. Osteosarcoma overview. 
Rheumatol Ther. 2017;4(1):25–43.

 5. Durfee RA, Mohammed M, Luu HH. Review of osteosarcoma and 
current management. Rheumatol Ther. 2016;3(2):221–243.

 6. Beck ZT, Xing Z, Tran EJ. LncRNAs: bridging environmental sensing 
and gene expression. RNA Biol. 2016;13(12):1189–1196.

 7. Chu C, Qu K, Zhong FL, Artandi SE, Chang HY. Genomic maps of 
long noncoding RNA occupancy reveal principles of RNA-chromatin 
interactions. Mol Cell. 2011;44(4):667–678.

 8. Chen R, Wang G, Zheng Y, Hua Y, Cai Z. Long non-coding RNAs in 
osteosarcoma. Oncotarget. 2017;8(12):20462–20475.

 9. Dou J, Ni Y, He X, et al. Decreasing lncRNA HOTAIR expression 
inhibits human colorectal cancer stem cells. Am J Transl Res. 2016; 
8(1):98–108.

 10. Gao JZ, Li J, Du JL, Li XL. Long non-coding RNA HOTAIR is a 
marker for hepatocellular carcinoma progression and tumor recurrence. 
Oncol Lett. 2016;11(3):1791–1798.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy is an international, peer-reviewed, open 
access journal focusing on the pathological basis of all cancers, potential 
targets for therapy and treatment protocols employed to improve the 
management of cancer patients. The journal also focuses on the impact 
of management programs and new therapeutic agents and protocols on 

patient perspectives such as quality of life, adherence and satisfaction. 
The manuscript management system is completely online and includes 
a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

638

Zhang et al

 11. Milevskiy MJ, Al-Ejeh F, Saunus JM, et al. Long-range regulators of 
the lncRNA HOTAIR enhance its prognostic potential in breast cancer. 
Hum Mol Genet. 2016;25(15):3269–3283.

 12. Wu M, Lin Z, Li X, et al. HULC cooperates with MALAT1 to aggravate 
liver cancer stem cells growth through telomere repeat-binding factor 2. 
Sci Rep. 2016;6:36045.

 13. Hu Y, Sun X, Mao C, et al. Upregulation of long noncoding RNA TUG1 
promotes cervical cancer cell proliferation and migration. Cancer Med. 
2017;6(2):471–482.

 14. Prensner JR, Iyer MK, Balbin OA, et al. Transcriptome sequencing across 
a prostate cancer cohort identifies PCAT-1, an unannotated lincRNA 
implicated in disease progression. Nat Biotechnol. 2011;29(8):742–749.

 15. Shi WH, Wu QQ, Li SQ, et al. Upregulation of the long noncoding RNA 
PCAT-1 correlates with advanced clinical stage and poor prognosis in 
esophageal squamous carcinoma. Tumour Biol. 2015;36(4):2501–2507.

 16. Liu L, Liu Y, Zhuang C, et al. Inducing cell growth arrest and apoptosis 
by silencing long non-coding RNA PCAT-1 in human bladder cancer. 
Tumour Biol. 2015;36(10):7685–7689.

 17. Zhao B, Hou X, Zhan H. Long non-coding RNA PCAT-1 over-
expression promotes proliferation and metastasis in non-small cell lung 
cancer cells. Int J Clin Exp Med. 2015;8(10):18482–18487.

 18. Ren Y, Shang J, Li J, et al. The long noncoding RNA PCAT-1 links 
the microRNA miR-215 to oncogene CRKL-mediated signaling in 
hepatocellular carcinoma. J Biol Chem. 2017;292(43):17939–17949.

 19. Ge X, Chen Y, Liao X, et al. Overexpression of long noncoding 
RNA PCAT-1 is a novel biomarker of poor prognosis in patients with 
colorectal cancer. Med Oncol. 2013;30(2):588.

 20. Yan TH, Yang H, Jiang JH, et al. Prognostic significance of long non-
coding RNA PCAT-1 expression in human hepatocellular carcinoma. 
Int J Clin Exp Pathol. 2015;8(4):4126–4131.

 21. Cui WC, Wu YF, Qu HM. Up-regulation of long non-coding RNA 
PCAT-1 correlates with tumor progression and poor prognosis in gastric 
cancer. Eur Rev Med Pharmacol Sci. 2017;21(13):3021–3027.

 22. Wen J, Xu J, Sun Q, Xing C, Yin W. Upregulation of long non cod-
ing RNA PCAT-1 contributes to cell proliferation, migration and 
apoptosis in hepatocellular carcinoma. Mol Med Rep. 2016;13(5): 
4481–4486.

 23. Bi M, Yu H, Huang B, Tang C. Long non-coding RNA PCAT-1 over-
expression promotes proliferation and metastasis in gastric cancer cells 
through regulating CDKN1A. Gene. 2017;626:337–343.

 24. Qiao L, Liu X, Tang Y, Zhao Z, Zhang J, Feng Y. Down regulation of 
the long non-coding RNA PCAT-1 induced growth arrest and apoptosis 
of colorectal cancer cells. Life Sci. 2017;188:37–44.

 25. Yang G, Yuan J, Li K. EMT transcription factors: implication in osteo-
sarcoma. Med Oncol. 2013;30(4):697.

 26. Wang Y, Wang H, Zhou R, et al. Baicalin inhibits human osteosarcoma 
cells invasion, metastasis, and anoikis resistance by suppressing the 
transforming growth factor-beta1-induced epithelial-to-mesenchymal 
transition. Anticancer Drugs. 2017;28(6):581–587.

 27. Jiang R, Zhang C, Liu G, Gu R, Wu H. MicroRNA-126 inhibits pro-
liferation, migration, invasion, and EMT in osteosarcoma by targeting 
ZEB1. J Cell Biochem. 2017;118(11):3765–3774.

 28. Shen S, Huang K, Wu Y, et al. A miR-135b-TAZ positive feedback loop 
promotes epithelial-mesenchymal transition (EMT) and tumorigenesis 
in osteosarcoma. Cancer Lett. 2017;407:32–44.

 29. Ye K, Wang S, Zhang H, Han H, Ma B, Nan W. Long noncoding RNA 
GAS5 suppresses cell growth and epithelial-mesenchymal transition 
in osteosarcoma by regulating the miR-221/ARHI pathway. J Cell 
Biochem. 2017;118(12):4772–4781.

 30. Cai L, Lv J, Zhang Y, Li J, Wang Y, Yang H. The lncRNA HNF1A-
AS1 is a negative prognostic factor and promotes tumorigenesis in 
osteosarcoma. J Cell Mol Med. 2017;21(11):2654–2662.

 31. Xu J, Ding R, Xu Y. Effects of long non-coding RNA SPRY4-IT1 on 
osteosarcoma cell biological behavior. Am J Transl Res. 2016;8(12): 
5330–5337.

http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 


