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Abstract: Ovarian cancer ranks as the fifth common tumour in women and is the leading cause of cancer-related 
death among the women. Long non-coding RNAs (lncRNAs) play crucial roles in the development of tumors. Howev-
er, the expression and the role of EWSAT1 in ovarian tumor are still unknown. In our study, we found the expression 
of EWSAT1 was upregulated in ovarian cancer cell lines and samples. Ecoptic expression of EWSAT1 suppressed 
miR-330-5p expression in ovarian cancer cell. In addition, the expression of miR-330-5p was downregulated in 
ovarian cancer cell lines and samples. Moreover, the expression of miR-330-5p was negatively related with the 
expression of EWSAT1 in ovarian cancer samples. Furthermore, we identified Pdia3 was a direct target gene of miR-
330-5p. Ecoptic expression of miR-330-5p suppressed Pdia3 expression and overexpression of EWSAT1 promoted 
Pdia3 expression in ovarian cancer cell. In addition, Ecoptic expression of miR-330-5p promoted ovarian cancer cell 
proliferation, colony formation and invasion. Overexpression of EWSAT1 increased ovarian cancer cell proliferation, 
colony formation and invasion through targeting miR-330-5p. These data suggested that EWSAT1 might act as an 
oncogene in the development of ovarian cancer partly through inhibiting miR-330-5p expression.
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Introduction

Ovarian cancer ranks as the fifth common 
tumour in women and is the leading cause of 
cancer-related death among women [1-4]. 
Many ovarian cancer patients are diagnosed at 
stage IV or III, which lead to high mortality rate 
[5-7]. Despite the advances in the treatment 
such as surgical technique, chemotherapy regi-
mens and radiotherapy, the five-year survival 
rate is still not satisfied [8-10]. It is imperative 
to elucidate the molecular mechanism of this 
disease and identify the biomarkers for treat-
ment of ovarian cancer.

Long non-coding RNAs (lncRNAs) are a new 
class of ncRNAs that are greater than 200 
nucleotides with no protein-coding function 
[11-14]. Recent data have revealed that 
lncRNAs play an essential role in diverse cellu-
lar functions including cell development, prolif-
eration, differentiation, apoptosis and invasion 
[15-18]. A number of lncRNAs are found to be 
deregulated in various tumors such as colorec-

tal carcinoma, osteosarcoma, hepatocellular 
carcinoma, gastric cancer, bladder cancer and 
lung cancer [19-24]. Recently, lncRNA Ewing 
sarcoma-associated transcript 1 (EWSAT1) was 
found to be upregulated in Ewing sarcoma and 
nasopharyngeal carcinoma [25, 26]. However, 
the expression and the role of EWSAT1 in ovar-
ian tumor are still unknown.

In our study, we tried to study the expression 
and the role of EWSAT1 in ovarian tumor. We 
indicated that the expression of EWSAT1 was 
upregulated in ovarian cancer cell lines and 
samples. Overexpression of EWSAT1 promoted 
ovarian cancer cell proliferation, colony forma-
tion and invasion by targeting the miR-330-5p.

Materials and methods

Tissue samples

Primary ovarian tumor tissues and matched 
adjacent normal samples were obtained from 
Tianjin Medical University Cancer Institute and 
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Hospital. All patients gave the written informed 
consent and this study was approved by the 
institutional ethics review board of Tianjin 
Medical University Cancer Institute and Hos- 
pital. 

RNA extraction and quantitative real-time PCR

Total RNA was isolated from clinical tissues and 
cell lines with TRIzol reagent (Invitrogen, USA) 
following to protocol. Quantitative Real-time 
PCR (qRT-PCR) was performed to determine the 
expression of lncRNA and mRNA using SYBR 
green (Takara, Dalian, Japan) on the 7500 Fast 
System. The primer for EWSAT1 is as follows: 
forward, GTGTCTGGCAAGGAACACTA, GGTGGA- 
GAAGAGGGACAATAAG. The primer for GAPDH 
follows: forward, TTGGTATCGTGGAAGGACTCA, 
reverse, TGTCATCATATTTGGCAGGTT. The U6 
and GAPDH were used as endogenous controls 
for EWSAT1 and Piad3, respectively.

Cell culture and plasmids transfection

An immortalized normal fallopian tube epitheli-
al cell line (FTE187) and 5 ovarian cancer cell 
lines (SKOV-3, HO8910, HO8910PM, ES2 and 
HG-SOC) were obtained from Chinese Academy 
of Sciences (Shanghai, China). Cells were grown 
in RPMI-1640 medium with fetal bovine serum 
(FBS). EWSAT1 and control plasmids, miR-330-
5p mimic and scramble mimics were obtained 
from GenePharma Company (Shanghai, PR 
China) and were tranfected to cells by using 
Lipofectamine 2000 (Invitrogen, USA).

Cell proliferation, colony formation and migra-
tion assays

MTT assay was performed to estimate the cell 
proliferation. Cells were cultured in a 96 well 
culture plate for 24, 48 and 72 hours. 
Absorbances were determined at the wave-

Figure 1. EWSAT1 expression was upregulated in the ovarian cancer cell lines and tissues. A: The EWSAT1 expres-
sion in the 4 ovarian cancer cell lines (SKOV-3, HO8910, HO8910PM and, ES2) and immortalized normal fallopian 
tube epithelial cell line (FTE187) was analyzed by qRT-PCR. B, C: The expression of EWSAT1 in the 40 pairs’ ovarian 
cancer samples and non-tumorous tissues was shown. D: The expression level of EWSAT1 was higher in the ovarian 
tumor samples compared with that in the adjacent normal samples. ***p<0.001.
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Figure 2. miR-330-5p expression was downregulated in the ovarian cancer cell lines and tissues. A: The miR-330-5p expression in the 4 ovarian cancer cell lines 
(SKOV-3, HO8910, HO8910PM and, ES2) and FTE187 was analyzed by qRT-PCR. B, C: The expression of miR-330-5p in the 40 pairs’ ovarian cancer samples 
and non-tumorous tissues was shown. D: The expression level of miR-330-5p was lower in the ovarian tumor samples compared with that in the adjacent normal 
samples. E: The expression of miR-330-5p was negatively related with the expression of EWSAT1 in the ovarian cancer samples. ***p<0.001.
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length of 490 nM by using a spectrophotome-
ter (Thermo, Shimadzu, Japan). To estimate the 
cell colony formation, the transfected cells 
were seeded in the 12-well plate. After 2 weeks, 
the cell colonies were stained by crystal violet 
and counted. For cell migration assay, wound-
healing was performed. Cells were seeded in 
the 6-well plate and the cell layer was created 
by the sterile plastic tip. Photo of the cell layer 
was taken using a microscope.

Western blotting

Protein was isolated from cultured cells or 
human samples using the Protein Extraction 
Kit (KeyGen, China). Protein concentration was 
measured by a BCA Assay Kit (KeyGen, China). 
Total protein was separated through 10% SDS-
PAGE and tranferred to membrane (Millipore, 
MA, USA). The membrane was blocked with 5% 
milk and then incubated with antibodies (Pdia3 
and GAPDH) at 4°C overnight. Blot was treated 
with the HRP conjugated antibody and the sig-
nal was measured by ECL Kit (Pierce, IL, USA).

Statistical analyses

All the results were presented as mean ± stan-
dard deviation (SD). All statistical assays were 

ples and non-tumorous tissues was shown in 
Figure 1B and 1C. The expression level of 
EWSAT1 was higher in ovarian tumor samples 
compared with that in the adjacent normal 
samples (Figure 1D).

miR-330-5p expression was downregulated in 
ovarian cancer cell lines and tissues

The miR-330-5p expression was higher in 4 
ovarian cancer cell lines (SKOV-3, HO8910, 
HO8910PM and, ES2) than in immortalized nor-
mal fallopian tube epithelial cell line (FTE187) 
(Figure 2A). The expression of miR-330-5p in 
40 pairs of ovarian cancer samples and non-
tumorous tissues was shown in the Figure 2B 
and 2C. The expression level of miR-330-5p 
was lower in ovarian tumor samples compared 
with that in the adjacent normal samples 
(Figure 2D). Moreover, the expression of miR-
330-5p was negatively related with the expres-
sion of EWSAT1 in ovarian cancer samples 
(Figure 2E). 

Ectopic expression of EWSAT1 suppressed the 
miR-330-5p expression

qRT-PCR assay showed that EWSAT1 expres-
sion was significantly upregulated in the HO- 

Figure 3. Ectopic expression of EWSAT1 suppressed the miR-330-5p ex-
pression. A: The EWSAT1 expression in the HO8910PM cell was analyzed 
by qRT-PCR. B: Ecoptic expression of EWSAT1 suppressed the miR-330-5p 
expression in the HO8910PM cell. C: Overexpression of EWSAT1 promoted 
the Pdia3 expression. D: The protein expression of Pdia3 was analyzed by 
western blot. *p<0.05, **p<0.01 and ***p<0.001.

measured by using SPSS 17.0 
software (SPSS Inc., Chicago, 
USA). Student’s t test was 
performed to test the signifi-
cance between 2 groups and 
the significance between th- 
ree or more groups was de- 
termined by one-way ANOVA. 
P<0.05 was considered to be 
statistically significant.

Results

EWSAT1 expression was up-
regulated in ovarian cancer 
cell lines and tissues

EWSAT1 expression was low- 
er in 4 ovarian cancer cell 
lines (SKOV-3, HO8910, HO8- 
910PM and, ES2) than in 
immortalized normal fallopi- 
an tube epithelial cell line 
(FTE187) (Figure 1A). The 
expression of EWSAT1 in 40 
pairs of ovarian cancer sam-
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8910PM cell which was treated with pcDNA-
EWSAT1 (Figure 3A). Ecoptic expression of 
EWSAT1 suppressed miR-330-5p expression. 
In addition, overexpression of EWSAT1 promot-
ed the Pdia3 mRNA and protein expression 
(Figure 3C and 3D). 

Pdia3 was a direct target gene of miR-330-5p

We used the TargetScan system to find the 
potential target gene of miR-330-5 and the 
potential 3’-UTR binding site of Pdia3 of miR-
330-5p was shown in Figure 4A. qRT-PCR 
assay showed that the miR-330-5p expression 
was significantly upregulated in the HO8910PM 
cell that was treated with miR-330-5p mimic 
(Figure 4B). As shown in the Figure 4C, overex-
pression of miR-330-5p decreased renilla lucif-
erase activity of the WT Pdia3 3’UTR but not 
the mutant vector (Mut Pdia3 3’UTR). Over- 
expression of miR-330-5p suppressed the 
Pdia3 expression (Figure 4D).  

Ecoptic expression of EWSAT1 promoted ovar-
ian cancer cell proliferation, colony formation 
and invasion 

Ecoptic expression of EWSAT1 increased the 
cell proliferation in ovarian cancer line 
HO8910PM (Figure 5A) and SKOV-3 (Figure 
5B). Elevated expression of EWSAT1 promoted 
cell colony formation in HO8910PM and SKOV-
3 (Figure 5C). Moreover, overexpression of 
EWSAT1 increased cell invasion in HO8910PM 
and SKOV-3 (Figure 5D).

EWSAT1 promoted ovarian cancer cell pro-
liferation, colony formation and invasion by 
inhibiting the miR-330-5p expression

To explore whether miR-330-5p involved in the 
process of EWSAT1 induced the HO8910PM, 
we rescued the miR-330-5p expression in the 
EWSAT1-overexpressing HO8910PM cell. Ecto- 
pic expression of miR-330-5p prevented the 
HO8910PM cell proliferation induced by over-

Figure 4. Pdia3 was a direct target gene of miR-330-5p. A: TargetScan system was used to find the potential target 
gene of miR-330-5 and the potential 3’UTR binding site of Pdia3 of miR-330-5p. B: The miR-330-5p expression was 
measured in the HO8910PM cell by qRT-PCR. C: Overexpression of miR-330-5p decreased renilla luciferase activity 
of the WT Pdia3 3’UTR but not the mutant vector (Mut Pdia3 3’UTR). D: Overexpression of miR-330-5p suppressed 
the Pdia3 expression. **p<0.01.



EWSAT1 promotes ovarian cancer progression

4099	 Am J Transl Res 2017;9(9):4094-4103



EWSAT1 promotes ovarian cancer progression

4100	 Am J Transl Res 2017;9(9):4094-4103

Figure 5. Ecoptic expression of EWSAT1 promoted the ovarian cancer cell proliferation, colony formation and invasion. A: Ecoptic expression of EWSAT1 increased the 
HO8910PM cell proliferation. B: Ecoptic expression of EWSAT1 promoted the SKOV-3 cell proliferation. C: Elevated expression of EWSAT1 promoted the HO8910PM 
and SKOV-3 cell colony formation. D: The relative colony number was shown. E: Overexpression of EWSAT1 increased the HO8910PM and SKOV-3 cell invasion. F: 
The relative invasive cells were shown. *p<0.05, **p<0.01 and ***p<0.001.

Figure 6. EWSAT1 promoted the ovarian cancer cell proliferation, colony formation and invasion by inhibiting the miR-330-5p expression. A: The cell proliferation 
was measured by MTT assay. B: Elevated expression of miR-330-5p decreased the HO8910PM cell colony formation induced by overexpression of EWSAT1. C: The 
relative colony number was shown. D: Overexpression of miR-330-5p prevented the HO8910PM cell invasion induced by overexpression of EWSAT1. E: The relative 
invasive cells were shown. *p<0.05, **p<0.01 and ***p<0.001.
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expression of EWSAT1 (Figure 6A). Elevated 
expression of miR-330-5p decreased the 
HO8910PM cell colony formation induced by 
overexpression of EWSAT1 (Figure 6B). In addi-
tion, overexpression of miR-330-5p prevented 
the HO8910PM cell invasion induced by overex-
pression of EWSAT1 (Figure 6C).

Discussion

In our study, we found that the expression of 
EWSAT1 was upregulated in ovarian cancer  
cell lines and samples. Ecoptic expression of 
EWSAT1 suppressed miR-330-5p expression  
in ovarian cancer cell. We demonstrated that 
the expression of miR-330-5p was downregu-
lated in ovarian cancer cell lines and samples. 
Moreover, the expression of miR-330-5p was 
negatively related with the expression of 
EWSAT1 in ovarian cancer samples. Further- 
more, we identified that Pdia3 was a direct tar-
get gene of miR-330-5p. Ecoptic expression of 
miR-330-5p suppressed Pdia3 expression and 
overexpression of EWSAT1 promoted the Pdia3 
expression in ovarian cancer cell. In addition, 
ecoptic expression of miR-330-5p promoted 
ovarian cancer cell proliferation, colony forma-
tion and invasion. Overexpression of EWSAT1 
increased ovarian cancer cell proliferation, col-
ony formation and invasion through targeting 
miR-330-5p. These data suggested that 
EWSAT1 might act as an oncogene in the devel-
opment of ovarian cancer partly through inhibit-
ing miR-330-5p expression.

LncRNA EWSAT1 is located on the chromosome 
15 between two protein-coding genes, GLCE 
and NOX5. Marques Howarth et al. [25] firstly 
reported that EWSAT1 expression level was 
upregulated in Ewing sarcoma. Inhibited expres-
sion of EWSAT1 suppressed the Ewing sarcoma 
cell proliferation and colony formation. Song et 
al. [26] demonstrated that EWSAT1 expression 
level was upregulated in nasopharyngeal carci-
noma cell lines and samples and higher exp- 
ression of EWSAT1 was associated with poorer 
survival time. Overexpression of EWSAT1 
increased the nasopharyngeal carcinoma cell 
proliferation. Ectopic expression of EWSAT1 
suppressed the miR-326/330-5p expression 
and increased the cyclin D1 expression, which 
was the target gene of miR-326/330-5p. Sun 
et al. [27] showed that overexpression of 
EWSAT1 promoted osteosarcoma cell prolifera-
tion, migration, and invasion. Moreover, ectopic 

expression of EWSAT1 enhanced the lncRNA 
MEG3 expression. Finally, they found that 
EWSAT1 promoted osteosarcoma cell prolifera-
tion and metastasis by regulation of MEG3 
expression. However, the role of EWSAT1 in 
ovarian cancer is still unknown. In this study, 
we firstly measured the expression of EWSAT1 
in ovarian cancer cell lines and tissues. We 
found that EWSAT1 expression was lower in the 
4 ovarian cancer cell lines (SKOV-3, HO8910, 
HO8910PM and, ES2) than in immortalized nor-
mal fallopian tube epithelial cell line (FTE187) 
(Figure 1A). The expression level of EWSAT1 
was higher in ovarian tumor samples compared 
with that in the adjacent normal samples. 
Moreover, ecoptic expression of EWSAT1 pro-
moted the ovarian cancer cell proliferation, 
colony formation and invasion. These results 
suggested that EWSAT1 acted as an oncogene 
in ovarian cancer.

In line with previous study, we also demonstrat-
ed that ecoptic expression of EWSAT1 sup-
pressed miR-330-5p expression in ovarian 
cancer cell. Previous studies demonstrated 
that miR-330-5p played important roles in the 
development and progression of tumors. For 
example, Kim et al. showed that overexpres-
sion of miR-330-5p suppressed the keratino-
cytes proliferation and migration through tar-
geting Pdia3. Su et al. demonstrated miR-330- 
5p expression was downregulated in cutane-
ous malignant melanoma cell lines and sam-
ples. Ecoptic expression of miR-330-5p sup-
pressed the cutaneous malignant melanoma 
cell proliferation and migration by inhibiting the 
expression of TYR and PDIA3. In our study, we 
demonstrated that the expression of miR-330-
5p was downregulated in ovarian cancer cell 
lines and samples. In addition, the expression 
of miR-330-5p was negatively related with the 
expression of EWSAT1 in ovarian cancer sam-
ples. We also identified that Pdia3 was a direct 
target gene of miR-330-5p in ovarian cancer 
cell. Elevated expression of miR-330-5p sup-
pressed Pdia3 expression and overexpression 
of EWSAT1 promoted Pdia3 expression in ovar-
ian cancer cell. Moreover, overexpression 
EWSAT1 increased ovarian cancer cell prolifer-
ation, colony formation and invasion through 
targeting miR-330-5p.

In conclusion, we indicated that the expression 
of EWSAT1 was upregulated in ovarian cancer 
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cell lines and samples. Overexpression of 
EWSAT1 promoted ovarian cancer cell prolifera-
tion, colony formation and invasion by targeting 
miR-330-5p. These data suggested that 
EWSAT1 might act as an oncogene in the devel-
opment of ovarian cancer partly through inhibit-
ing miR-330-5p expression.
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