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Abstract. – OBJECTIVE: To investigate the 
clinical functions and the detailed mechanism 
of long noncoding RNA (lncRNA) JPX in human 
ovarian cancer cell lines. 

PATIENTS AND METHODS: The expression 
of JPX in ovarian cancer tissues and cell lines 
was detected by Real-time polymerase chain re-
action (RT-PCR). The correlation between JPX 
expression and prognosis was analyzed by fol-
low-up data. The OVCAR-3 cell proliferation, in-
vasion and migration were measured by methyl 
thiazolyl tetrazolium (MTT) assay, cloning forma-
tion assay and scratch assay. The cell apoptosis 
was detected by Bcl-2, Bax, and Caspase-3 ac-
tivity. PI3K/mTOR inhibitor treatment and West-
ern blot proved that JPX functions associated 
with PI3K/Akt/mTOR signaling and test the pro-
tein levels of p-PI3K, p-Akt, p-mTOR. 

RESULTS: RT-PCR results showed that the ex-
pression of JPX was upregulated in ovarian can-
cer tissues and ovarian cancer cell lines (p < 
0.05), and it was significantly increased in large 
tumor tissues and metastatic lymph nodes (p < 
0.05). The survival rate of high JPX expression 
patients was much lower than low JPX expres-
sion patients (p < 0.05), indicating that high ex-
pression of JPX predicted poor prognosis in pa-
tients with ovarian cancer. MTT assay, colony 
formation and scratch assay showed the repres-
sion of JPX and resulted with significantly de-
creased in cell proliferation, invasion and migra-
tion of OVCAR-3 cells compared with the con-
trol (p < 0.05). PI3K/mTOR inhibitor treatment 
showed overexpression of JPX could activate 
the PI3K/Akt/mTOR signaling pathway. West-
ern blot assay showed that the expressions of 
p-PI3K, p-Akt, p-mTOR were significantly in-

creased after overexpression of JPX (p < 0.05), 
and after the inhibition of PI3K/Akt/mTOR sig-
naling pathway and overexpression of JPX, the 
tumor cell proliferation, invasion and migration 
were significantly repressed, compared with the 
control (p < 0.05). 

CONCLUSIONS: JPX could predict the poor 
prognosis in patients with ovarian cancer, which 
could promote the tumor cell proliferation, inva-
sion and migration in human ovarian cancer cell 
lines and inhibited the cell apoptosis through 
activating PI3K/Akt/mTOR signaling pathway.
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Introduction

Ovarian cancer is one of the most common 
malignant cancers that threaten the health and life 
of women worldwide and it is the top one factor 
among the death factors of gynecological malig-
nant tumors. It has reached the late stage for more 
than 70% of patients who show specific symp-
toms or have been diagnosed because of lack of 
specific early diagnosis methods, so the prognosis 
of these patients is extremely poor 1,2. Therefore, 
it has always been a difficult problem and hot top-
ic for researchers to find some ways and methods 
for early diagnosis and reducing the morbidity 
and the mortality rate. Long non-coding RNAs 
(lncRNAs) are a class of RNAs longer than 200 
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nucleotides in length, but cannot be translated in-
to protein. However, these lncRNAs play a quite 
important role in human tumorigenesis, develop-
ment and drug resistance since they can regulate 
gene expressions in transcriptional and post-tran-
scriptional levels3-5. Researches6,7 have shown 
that many lncRNAs are abnormally expressed in 
ovarian cancer, playing an important role in the 
cancer biological processes, such as proliferation, 
invasion and metastasis. For example, Gao et al8 
found that LncRNA-HOST2 can promote metas-
tasis, invasion and proliferation of epithelial ovar-
ian cancer cells through binding with miRNA let-
7 and inhibiting the expression of miRNA let-7. 
Researchers9 also found that ARSR could induce 
epithelial-mesenchymal transition and invasion 
through increasing the expression of ZEB1 and 
ZEB2 by competitively binding with the miR-200 
family. It has been showed10 that MALAT1 could 
increase the cisplatin-resistant treatment by inter-
acting with Notch1 in ovarian cancer. So, further 
exploring the role of lncRNAs in the pathogenesis 
of ovarian cancer is needed to provide new ideas 
for early prevention, clinical diagnosis and treat-
ment of ovarian cancer. Currently, lncRNA-JPX 
had been reported as an activator of the Xist 
gene, which could deactivate the transcriptional 
inhibition of Xist gene by competitively binding 
with CTCF11. After comparing the differences of 
whole-genome RNA expression between primary 
and recurrent ovarian cancer, Benoît et al12 and 
Huang et al13 found that Xist gene expression was 
significantly decreased in recurrent ovarian can-
cer tissues and the Xist gene expression in ovar-
ian cancer patients was significantly correlated 
with the length of remission after chemotherapy, 
which suggested that there was a certain relation-
ship between Xist gene and ovarian cancer drug 
resistance. However, it is still unclear whether 
JPX, which is closely related to the activity of 
Xist gene, plays a role in ovarian cancer. Recent 
studies14-16 have found that phospholipid inositol 
3 kinase (PI3K), the activation of protein kinase 
B (Akt) and rapamycin target protein (MTOR), 
are commonly existed in human ovarian cancer 
and these proteins co-regulate the proliferation 
and apoptosis of ovarian cancer cells and partic-
ipate in the processes of angiogenesis, invasion 
and metastasis of ovarian cancer. Some other 
researches have reported that ovarian cancer is 
closely related to the overexpression and activa-
tion of PI3K and Akt in patients with chemother-
apy drug resistance17-19. The abnormality of PI3K/
Akt/mTOR signaling pathway could affect the 

prognosis of ovarian cancer patients and might 
provide a new therapeutic target for ovarian can-
cer. In our previous work, we screened the differ-
ential expressions of lncRNAs in ovarian cancer 
and preliminarily confirmed the high expression 
of JPX in human ovarian cancer tissues and can-
cer cell lines by Real-time quantitative PCR. We 
also found that the inhibition of PI3K/Akt/mTOR 
signaling was correlated with the expression of 
JPX by signaling pathway inhibitors in ovarian 
cancer cell lines. To further study the relationship 
between JPX and the development and progres-
sion of ovarian cancer, we intend to explore the 
functions of JPX in the development of ovarian 
cancer through regulating the expression of PI3K/
Akt/mTOR signaling pathway.

Patients and Methods

Tissue Specimens 
Thirty-two patients with ovarian cancer diag-

nosed by pathology from January 2010 to August 
2017 in our hospital and their cancer tissues and 
corresponding adjacent tissues were collected by 
surgical resection. All patients had written in-
formed consent. Age ranged from 35 to 74 years 
old; 20 cases of tumor size ≤ 3 cm, 12 cases of 
tumor size >3 cm; 17 cases with lymph node me-
tastasis. All tissue samples were frozen in liquid 
nitrogen until use. Our study was approved by 
the Faculty of Medicine’s Ethics Committee of 
our hospital.

Survival Curve 
In combination with follow-up patients, the du-

ration of follow-up was defined as starting from 
the date of diagnosis to the date of death or loss 
of the patient (death = 1; survival =0), and the ex-
pression of JPX was divided into high expression 
group and low expression group bounded by the 
middle value; then, the survival curve was drawn.

Cell Culture and Cell Transfection 
A normal ovarian epithelial cell (ovarian sur-

face epithelium cell, OSE) and two ovarian can-
cer cell lines (SKOV3, OVCAR3) were obtained 
from American Type Culture Collection (ATCC, 
Manassas, VA, USA). KOV3 and OVCAR3 cell 
lines were cultured in Dulbecco’s Modified Eagle 
Medium (DMEM) (Gibco, Rockville, MD, USA) 
with 10% fetal bovine serum (FBS; Gibco, Grand 
Island, NY, USA) at 37°C and 5% CO2 culture 
incubator. PcDNA-JPX and its control pcDNA3.1 
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were synthesized by RiBo Biotech (GuangZhou 
RiBo Biotech, GuangZhou, China). PI3K/mTOR 
inhibitor PI-103 was purchased by Calbiochem 
(Minneapolis, MN, USA). PcDNA-JPX, pcD-
NA3.1 and PI-103 were transfected by Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA, USA) 
according to its instructions. 

RNA Extraction and Quantitative 
Real-time PCR 

The total RNA of tissue samples and cultured 
cells were extracted by TRIzol Reagent (Invitro-
gen, Carlsbad, CA, USA). Reverse transcription 
was performed to generate the first-strand cDNA 
by PrimeScript™ RT reagent Kit (TaKaRa, Da-
lian, China). PCR primers were synthesized by 
Gene Pharma (Shanghai Gene Pharma, Shanghai, 
China) and the sequence was shown in Table 
I. mRNA expression was detected with SYBR 
Premix Ex Taq II (TaKaRa, Dalian, China). The 
mRNA expressions were normalized to GAPDH 
and 2-ΔΔCT method was used to detect the relative 
gene expression.

MTT Assay 
After transfections for 48 h, cells of con-

trol group, pcDNA3.1 group and pcDNA-JPX 
were digested and cultured in 96-well plate with 
approximately 1×103 cells/well and incubated at 
37°C and 5% CO2. Afterward, 10 μL 5 g/l of 
MTT (Amresco, Radnor, PA, USA) were added 
to each well at 1 day, 2 days, 3 days, 4 days, and 5 
days, and the resulting solution was incubated for 
4 h at 37°C. The absorbance (OD) value of each 
well was measured at 570 nm. The cell growth 
curves were plotted using the absorbance value at 
each time point. Cell viability (P%) was calculat-
ed: OD (experimental group)/OD (blank control 
group) × 100%. This experiment was repeated 
for three times.

Cloning Formation Assay 
After transfections for 48 h, cells of control 

group, pcDNA3.1 group and pcDNA-JPX were 

digested and planted in each 60 mm dish with 
about 1×103 cells and the medium was changed 
every 3 days. After 7 days, cell colony formation 
was observed under a microscope and the cells 
were counted.

Scratch Assay 
This assay was applied to evaluate the migra-

tory ability of OVCAR-3 ovarian cancer cells. Af-
ter transfections for 48 h, cells of control group, 
pcDNA3.1 group and pcDNA-JPX were digested 
and cultured in 6-well plate at 37°C, 5% CO2. 
When cell confluence reached about 90%, a 200 
μL sterile tip was used to scratch in each well and 
then washed by phosphate-buffered saline (PBS) 
for 3 times. Cell scratch status was observed 
under the microscope magnified 40 times at 0 
h and 24 h, and the healing rate was calculated. 
Healing rate = (scratch width 0 h - scratch width 
24 h) / scratch width 0 h × 100%, the results were 
calculated by ImageTool (IT).

Transwell Assay 
Transwell chambers (BD Biosciences, Frank-

lin Lakes, NJ, USA) were used to evaluate the 
invasive ability of OVCAR-3 cells. 5×104 trans-
fected cells of control group, pcDNA3.1 group 
and pcDNA-JPX without FBS were put into the 
top of chamber on the non-coated membrane, 
and lower chamber filled with 20% fetal bovine 
serum (FBS) to induce transfected OVCAR-3 
cells to invade through the membrane. And the 
transfected OVCAR-3 cells were put in the upper 
chamber with the coated membrane for invasion 
assay. Cells were fixed by methanol for 10 min-
utes, and then stained with crystal violet solution 
(Biyuntian, Shanghai, China). Three invasion 
chambers for experimental group and control 
group were utilized per condition, and thee ran-
dom fields were counted per chamber under an 
inverted microscope.

Protein Extraction and Western Blot 
The total protein was extracted from tissue 

samples and cells by using a RIPA lysis buffer 
(Biyuntian, Shanghai, China). 50 ug proteins were 
added to 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and 
then the separated proteins were transferred onto 
polyvinylidene difluoride (PVDF) membranes. 
After that, the membranes were blocked at room 
temperature for 1 h. After that, the membranes 
were incubated with primary antibody (pPI3K/
pAkt/pmTOR/Caspase-3) overnight at 4°C and 

Table I. Sequences of primers used for quantitative Real-
time PCR.

 Genes Primer sequences

JPX Forward: 5’-GCACCACCAGGCTTCTGTAAC-3’
 Reverse: 5’-GGGCATGTTCATTAATTGGCCAG-3’
GAPDH Forward: 5’-GGAGTCCACTGGTGTCTTCA-3’
 Forward: 5’-GGGAACTGAGCAATTGGTGG-3’
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subsequently incubated with matched secondary 
antibodies for 1 h. Protein bands were detected 
by Pierce ECL Western blot substrate (Ther-
mo Fisher Scientific, Waltham, MA, USA) with 
ECL detection system (Thermo Fisher Scientific, 
Waltham, MA, USA).

Statistical Analysis 
All data were analyzed by SPSS version 21.0 

(IBM Corp., IBM SPSS Statistics for Windows, 
Armonk, NY, USA). Data were presented by 
means± SD. The method of one-way ANOVA 
was used to analyze these data. Multiple compar-
isons between groups were performed by S-N-K 
method. Kaplan-Meier method was used to draw 
the survival curve. If p < 0.05, differences were 
statistically significant.

Results

JPX Was Upregulated in Ovarian Cancer 
Tissues and Ovarian Cancer Cell Lines, 
and It Was Associated With the 
Prognosis of Patients

32 cases ovarian cancer tissues and para-carci-
noma tissues were extracted, and the expressions 
of JPX were detected by RT-PCR. Expression 
of JPX was significantly upregulated in ovarian 
cancer tissues compared with para-carcinoma 
tissues (p < 0.05) (Figure 1A). The JPX expres-
sion was also significantly upregulated in ovarian 
cancer with metastasis compared with patients 
without metastasis (p < 0.05) (Figure 1B). Then, 
we also detected the level of JPX in tissues from 
patients with different tumor size. The expression 
of JPX in cancer tissues larger than 3 cm was 
significantly higher than that in cancer tissues 
less than 3 cm (p < 0.05) (Figure 1C). Further-
more, we also found that the expression of JPX in 
SKOV3, OVCAR3 ovarian cancer cell lines was 
also significantly increased (p < 0.05) (Figure 
1D). In addition, we divided the ovarian cancer 
patients into the high JPX expression group and 
low JPX expression group according to the medi-
an expression of JPX and draw a survival curve. 
Meanwhile, three-year survival rate in high JPX 
expression group was much lower than that in 
low JPX expression group (p < 0.05) (Figure 
1E). These results suggested that JPX expression 
can predict poor prognosis in patients with ovar-
ian cancer, which was significantly up-regulated 
in larger tumor tissues and cancer tissues with 
lymph node metastasis.

Down-Regulation of JPX Inhibited Cell 
Proliferation, Invasion and Migration in 
Ovarian Cancer

To exploring the effect of JPX on ovarian 
cancer cell proliferation, invasion and migra-
tion, cell proliferation, invasion and migration 
were detected in OVCAR3 ovarian cancer cell 
after transfected with sh-NC or sh-JPX. Sh-JPX 
was transfected into OVCAR-3 cancer cells and 
JPX expression was significantly depressed and 
detected by RT-PCR (p < 0.05) (Figure 2A). 
MTT assay showed that sh-JPX significantly 
inhibited the proliferation of OVCAR-3 cancer 
cells at the time of 3 d, 4 d and 5 d, compared 
with the control (p < 0.05) (Figure 2B). Cell 
cloning assay showed the similar result that sh-
JPX significantly inhibited the proliferation of 
OVCAR-3 cancer cells, compared with the con-
trol and sh-NC (p < 0.05) (Figure 2C). Transwell 
assay and scratch assay showed that sh-JPX sig-
nificantly inhibited the number of invasion and 
migration distance of OVCAR-3 cancer cells, 
compared with the control and sh-NC (p < 
0.05) (Figure 2D, E). Western blot showed that 
sh-JPX significantly induce the OVCAR-3 cell 
apoptosis through upregulating the activity of 
apoptotic factors, including Bax and Caspase-3 
(p < 0.05) (Figure 2F). These results showed that 
down-regulation of JPX inhibited cell prolifer-
ation, invasion and migration and induced cell 
apoptosis in ovarian cancer.

Overexpression of JPX Activated 
PI3K/Akt/mTOR Signaling Pathway 
in OVCAR-3 Cells

We screened a signaling pathway PI3K/Akt/
mTOR associated with JPX-promoting ovarian 
cancer OVCAR-3 cell proliferation by signaling 
pathway inhibitors. The OVCAR-3 cells were 
pretreated with PI3K/mTOR inhibitor PI-103 (10 
μM) for 30 min, and pcDNA-JPX was simulta-
neously transfected along with the control group. 
The JPX expression was significantly increased 
after pcDNA-JPX transfection, compared with 
the control (p < 0.01) (Figure 3A). Western blot 
showed the expressions of p-PI3K, p-Akt and 
p-mTOR were significantly increased after trans-
fected with pcDNA-JPX, compared to the control 
(p < 0.05) and the expressions of p-PI3K, p-Akt 
and p-mTOR were significantly decreased after 
adding PI3K/mTOR inhibitor into pcDNA-JPX 
group (p < 0.05) (Figure 3B). These results in-
dicated that JPX could activate the PI3K/Akt 
signaling pathway.
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Figure 1. JPX was upregulated in ovarian cancer tissues and ovarian cancer cell lines, and it was associated with the prognosis 
of patients. A. The expression of JPX in ovarian cancer tissues and para-carcinoma tissues was detected by RT-PCR. B. The 
expression of JPX in ovarian cancer patients with lymph node metastasis and without lymph node metastasis was detected by 
RT-PCR. C. The expression of JPX in ovarian cancer tissues larger than 3 cm and less than 3 cm was detected by RT-PCR. D. 
The expression of JPX in SKOV3, OVCAR3 ovarian cancer cell lines was detected by RT-PCR. E. Three-year survival rate 
were analyzed in ovarian cancer patients with high JPX expression and low JPX expression. Data are shown as mean ± SD 
based on at least three independent experiments, *p < 0.05, **p < 0.01.
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JPX Promoted Cell Proliferation, 
Invasion and Migration of Ovarian 
Cancer Cells Through PI3K/Akt/mTOR 
Signaling Pathway

The OVCAR-3 cells were pretreated with 
PI3K/mTOR inhibitor PI-103 (10 μM) for 30 
min, and pcDNA-JPX was simultaneously trans-
fected along with the control group. MTT as-
say showed that the cell number of JPX over-

expression group was significantly increased, 
while the number was significantly decreased 
after PI-103 in advance (p < 0.05) (Figure 4A). 
Transwell assay and scratch assay showed that 
overexpression of JPX could significantly pro-
mote the number of invasion and migration 
distance of OVCAR-3 cancer cells (p < 0.05) 
and the number of invasion and migration dis-
tance were decreased after the PI3K/mTOR in-

Figure 2. Down-regulation of JPX inhibited cell proliferation, invasion and migration in ovarian cancer. A. The expression of 
JPX was detected by RT-PCR after transfected with control, sh-NC and sh-JPX in OVCAR-3 cells. B-C. The cell proliferation 
rate was detected by MTT assay and cell-cloning assay after transfected with control, sh-NC and sh-JPX in OVCAR-3 cells. 
D-E. The numbers of invasion and migration distance were detected by transwell assay and scratch assay after transfected 
with control, sh-NC and sh-JPX in OVCAR-3 cells. F. Apoptotic factors, including Bax and Caspase-3 were detected by 
Western blot after transfected with control, sh-NC and sh-JPX in OVCAR-3 cells. Data are shown as mean ± SD based on at 
least three independent experiments, *p < 0.05, **p < 0.01.
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Figure 3. Overexpression of JPX activated PI3K/Akt/mTOR signaling pathway in OVCAR-3 cells. A. The mRNA expression 
of JPX was detected by RT-PCR after transfected with pcDNA-JPX in OVCAR-3 cells. B. The expressions of p-PI3K, p-Akt 
and p-mTOR were detected by Western blot after transfected with PI3K/mTOR inhibitor (PI-103), pcDNA-JPX, PI-103 and 
pcDNA-JPX. Data are shown as mean ± SD based on at least three independent experiments, **p < 0.01.

Figure 4. JPX promoted 
cell proliferation, invasion 
and migration of ovari-
an cancer cells through 
PI3K/Akt/mTOR signal-
ing pathway. A. The cell 
proliferation rate was 
detected by MTT assay 
after transfected with 
control, PI-103, PI-103 
and pcDNA-JPX in OV-
CAR-3 cells. B-C. The 
number of invasion and 
migration distance were 
detected by transwell 
assay and scratch assay 
after transfected with 
control, PI-103, PI-103 
and pcDNA-JPX in OV-
CAR-3 cells. D. Activ-
ities of Caspase-3, Bax 
and Bcl-2 were detected 
by Western blot after 
transfected with control, 
PI-103, PI-103 and pcD-
NA-JPX in OVCAR-3 
cells. Data are shown as 
mean ± SD based on at 
least three independent 
experiments, *p < 0.05, 
**p < 0.01.
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hibitor PI-103 treatment (p < 0.05) (Figure 4B, 
C). Furthermore, overexpression of JPX could 
repress the activity of Caspase-3 and Bax and 
increase the activity of Bcl-2. However, the 
activity of Caspase-3 and Bax was significantly 
increased and Bcl-2 was significantly decreased 
after PI3K/mTOR inhibitor PI-103 treatment (p 
< 0.05) (Figure 4D). These results suggested that 
JPX promoted cell proliferation, invasion and 
migration of ovarian cancer cells through PI3K/
Akt/mTOR signaling pathway.

Discussion

Recent studies have found that lncRNAs are 
closely related to the development of ovarian 
cancer. The abnormal expression of lncRNAs 
was involved in many biological processes 
of ovarian cancer cells, such as proliferation, 
apoptosis, invasion and metastasis. Evidence20,21 
suggested that LncRNAs will be an emerging 
regulator of cancer biological functions that can 
serve as a biomarker for potential cancer diag-
nosis, prognosis, and targeted treatment. How-
ever, the functions and mechanisms of many 
lncRNAs in the development of ovarian cancer 
remain unclear. In the early stage, we used ln-
cRNA gene chip technology to analyze the gene 
expressions of 4 ovarian cancer tissues and ad-
jacent tissues and we found that the expression 
of JPX in cancer tissues was significantly higher 
than that in adjacent tissues. Expression of JPX 
was detected by RT-PCR in 32 pairs of ovarian 
cancer tissues and adjacent tissues and various 
ovarian cancer cell lines, the level of JPX was 
significantly increased in ovarian cancer tis-
sues and ovarian cancer cell lines. Furthermore, 
we also found that the expression of JPX was 
significantly increased in larger tumor tissues 
and metastatic ovarian cancer tissues. Survival 
curves were drawn from the follow-up results 
of ovarian cancer patients and the prognosis of 
patients with high expression of JPX was much 
poorer. To further investigate the role of JPX 
in ovarian cancer, we used the ovarian cancer 
cell of OVCAR-3 as a model to investigate the 
mechanisms of JPK in cell proliferation, inva-
sion and metastasis by MTT assay, cell cloning 
assay, transwell assay and scratch assays. These 
results indicated that down-regulation of JPX 
could depress the capacity of cell proliferation, 
invasion, metastasis and increase cell apoptosis 
in OVCAR-3 cells, suggesting that JPX may play 

a similar role with oncogene in ovarian cancer. 
To further analyze the role of JPX in the mech-
anisms of regulating cell proliferation, invasion 
and metastasis of ovarian cancer, we detected 
some signaling pathways, including PI3K/Akt/
mTOR. We used the signaling pathway inhib-
itor and the results indicated that PI3K/Akt/
mTOR signaling pathway was closely related 
with JPX expression. In pcDNA-JPX group, the 
expressions of p-PI3K, p-Akt and p-mTOR were 
significantly increased after JPX overexpression 
compared with the control, indicating that JPX 
activated PI3K/Akt/mTOR signaling pathway. 
In pcDNA-JPX with PI-103 treatment group, the 
expressions of p-PI3K, p-Akt and p-mTOR were 
significantly decreased compared with pcD-
NA-JPX group. MTT assay, transwell assay and 
scratch assay further confirmed that JPX over-
expression promoted proliferation, invasion and 
migration of ovarian cancer cells and inhibited 
apoptosis, while PI3K/mTOR inhibitor PI-103 
significantly reversed these processes. These re-
sults indicated that the expression of JPX could 
predict poor prognosis in patients with ovarian 
cancer and promote tumor cell proliferation, in-
vasion and migration through PI3K/AKT/mTOR 
signaling pathway. In recent years, more and 
more studies have shown that PI3K/AKT/mTOR 
signaling pathway plays an important role in the 
functions of lncRNAs, which have been reported 
in epithelial ovarian cancer, gastric cancer, pros-
tate cancer, etc.22-24. Xu et al25 showed that H19 
overexpression promotes trophoblast invasion 
and autophagy through PI3K/AKT/mTOR sig-
naling pathway. Yao et al26 found ENST00113 
was highly expressed in patients with athero-
sclerosis and promoted proliferation and migra-
tion of venous endothelial cells through acti-
vating PI3K/AKT/mTOR signaling pathway. In 
addition, lncRNAs can also interact with miR-
NAs. Li et al27 showed that lncRNA-SNHG7 
expression was up-regulated in the development 
of colorectal cancer, which could promote cell 
proliferation and inhibit apoptosis by binding 
with miR-34a, and that the PI3K/AKT/mTOR 
signaling pathway was involved in this process. 
These aberrantly expressed lncRNAs could reg-
ulate cell proliferation and migration by modu-
lating PI3K/AKT/mTOR signaling pathway. In 
our study, similar findings suggested that JPX 
was upregulated in ovarian cancer tissues and 
promoted cell proliferation, invasion, and mi-
gration through activating the PI3K/AKT/mTOR 
signaling pathway. 
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Conclusions

We demonstrated that JPX could predict the 
poor prognosis of ovarian cancer patients and 
promote cell proliferation, invasion and migration 
human ovarian cancer OVCAR-3 cells by activat-
ing the PI3K/Akt/mTOR signaling pathway and 
inhibits apoptosis. It may be a new biomarker 
and therapeutic target for clinical application and 
treatment.
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