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LhcRNA PCAT-1 plays an oncogenic role in
epithelial ovarian cancer by modulating
cyclinD1/CDK4 expression
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Abstract: Epithelial ovarian cancer is one of the most common causes of gynecological cancer deaths. The knock-
down of LncRNA PCAT-1 has been reported to suppress tumor growth in various kinds of cancers, including esopha-
geal cancer, breast cancer, bladder cancer, and hepatocellular carcinoma. However, its function in epithelial ovarian
cancer (EOC) is still unclear. In the present study, the expression of LncRNA PCAT-1 was investigated. The results
indicate that the expression of LncRNA PCAT-1 is up-regulated in EOC tissues compared with non-cancer controls
by reverse transcription-quantitative polymerase chain reaction analysis (RT-qPCR), and its higher expression is
always associated with larger tumor sizes and advanced tumor grades in patients with EOC. In addition, silencing
PCAT-1 in the EOC cell lines SKOV3 and OVCAR3 significantly inhibits cell proliferation, migration and invasion, which
is also shown by cell cycle assays, as the proportion of cells in GO/G1 phase is dramatically increased after knock-
ing down PCAT1. Finally, it is observed that PCAT-1's knockdown significantly decreased the levels of cyclin D1 and
CDK4 protein expression. Taken together, LncRNA PCAT-1’s oncogenic role in EOC by mediating cyclin D1/CDK4 is
demonstrated, indicating it is a potential target for EOC treatment.
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Introduction proliferation, metastasis and recurrence [6].
This mechanism is explained by INCRNAs’ inter-
action with chromatin DNA, mRNA, or proteins,
which regulate chromatin stability and protein

activity [7, 8].

Epithelial ovarian cancer (EOC) is one of the
leading causes of cancer-associated deaths in
women, because a large proportion of patients
are diagnosed with it at the advanced stages

[1]. Currently, EOC is mainly treated using plati-
num-based chemotherapy; however, despite
the sensitivity of EOC to the chemotherapy,
most patients eventually develop a recurrence
within 18 months after treatment [2]. Therefore,
it is of great significance and urgency to seek
new therapeutic targets for EOC treatment.

Long non-coding RNAs (IncRNAs) are defined as
a type of RNA molecules longer than 200 nucle-
otides that have no protein coding function. It
has been demonstrated in recent studies that
IncRNAs play critical roles in physiological and
pathological processes, including organ devel-
opment, chromatin remodeling, cell differentia-
tion and gene regulation [3-5]; and their abnor-
mal expression is associated with cancer

Prostate cancer associated transcripts 1 (PCAT-
1) was first discovered in patients with prostate
cancer by transcript sequencing. However, its
up-regulation is not only observed in patients
with prostate cancer, but also in patients with
esophageal squamous carcinoma, colorectal
cancer, osteosarcoma, hepatocellular carcino-
ma and multiple myeloma. Usually, LncRNA
PCAT-1 plays an oncogenic role in these can-
cers and is correlated with advanced clinical
stages and poor prognosis, but its functional
role in EOC has not been investigated until now.
[6, 9-17].

In this study, LncRNA PCAT-1 was found to be
significantly upregulated in EOC tissue samples
and cell lines, compared to the levels in the
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controls. Similarly, the knocking down of
LncRNA PCAT-1 impaired cell proliferation and
inhibited cell migration and invasion. In addi-
tion, a cell cycle analysis indicated that the EOC
cells were arrested at GO/G1 after silencing
LncRNA PCAT-1. The potential mechanism for
this is that the knocking down LncRNA PCAT-1
will decrease the protein expression of cyclin
D1 and CDK4, thereby exerting an impact on
the cell cycle. Our findings suggest that LncRNA
PCAT-1 may serve as an oncogene in EOC and
inhibiting its expression could be a potential
therapeutic target.

Materials and methods
Patients and samples

EOC tissues (formalin-fixed and paraffin-em-
bedded) from 32 patients (age, 48.3 = 8.6
years) and controls (postoperative pathological
examination confirmed benign ovarian tumors)
from 20 patients (age, 47.2 + 9.5 years) were
collected from Hospital Torrecardenas (Almeria,
Spain) between August 2015 and August 2017
according to the protocol approved by the
Ethical Committee of Hospital Torrecardenas. It
was performed in compliance with the princi-
ples of the Declaration of Helsinki. Written con-
sents from all the participants in the study were
obtained. The patients were divided into the
high LncRNA PCAT-1 expression group and the
low-expression group according to the median
LncRNA PCAT-1 expression level. All partici-
pants underwent surgery, and their diagnoses
were conducted based on immunohistochemi-
cal staining and morphological criteria.
Moreover, patients who had ever received any
therapy were excluded from the study.

Cell culture conditions

Human ovarian epithelial adenocarcinoma cell
lines, including SKOV-3, OVCAR-3, HEY-A8, and
HO8910-PM were purchased from the Cell
Bank of the Chinese Academy of Sciences
(Shanghai, China). The human ovarian immor-
talized non-tumorigenic ovarian surface epithe-
lial (IOSE-80) cell line was supplied by the
American Type Culture Collection (Manassas,
VA, USA). The cells were cultured in the RPMI-
1640 medium (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) with 10% fetal bovine
serum (FBS; Sigma-Aldrich Co., St Louis, MO,
USA). The cells were maintained in a humidified
atmosphere containing 5% CO, at 37°C.

2149

Cell transfection

The SKOV-3 cells (1 x 10%/well) and OVCAR3
cells (1 x 10%/well) were seeded in 6-well plates
and a 75% confluence was reached the next
day. Then, they were transfected with small
interfering  (si)-LncRNA  PCAT-1-1  (si-LncP-
CAT-1-1), si-LncRNA PCAT-1-2 (si-LncPCAT-1-2)
and negative control (NC), using Lipofec-
tamine®3000 (Thermo Fisher Scientific, Inc.)
as the transfection reagent in OptiMEM media.
The sequence of si-LncPCAT-1-1 is 5-UUAA-
AGAGAUCCACAGUUAUU-3'. The sequence of si-
LncPCAT-1-2 is 5-GCAGAAACACCAAUGGAUA-
UU-3'. The sequence of the negative control is:
Sense, 5-UUC UCC GAA CGU GUC ACG UTT-3’
and antisense, 5’-ACG UGA CAC GUU CGG AGA
ATT-3'. 48 hours post transfection, the cells
were collected for further analysis. The cells
were used for further experiments after the
48h transfection.

RT-gPCR analysis

RT-gPCR was performed using the Applied
Biosystems 7500 Fast Real-Time PCR system
(Thermo Fisher Scientific, Inc.). Total RNA was
extracted from the human samples and cell
lines mentioned above using the TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) fol-
lowing the manufacturer's instructions. A
reverse transcription kit (TakaraO47a; Takara
Bio, Inc.,) was used to transform RNA into
cDNA. A gqPCR reaction was performed using a
SYBR Premix kit (Takara420a; Takara Bio, Inc.,).
20 ul PCR reaction mix was comprised of 10 pl
SYBR Green | mix, 3 ul of cDNA, 1 ul of forward
primer, 1 ul of reverse primer and 5 ul of RNase-
free H,0. The reaction was performed at 95°C
for 3 min, followed by 40 cycles at 95°C for 15
sec, and then 60°C for 1 min. The LncRNA
PCAT-1 expression level was calculated using
the comparative Cq (2-AACq) method. Primers
for LncRNA PCAT-1: Forward, 5-GCTGGCATT-
GGTCAACATAAC-3’, and Reverse, 5-GTGAAT-
ATGGCGGATGAGGAA-3. Primers for GAPDH:
Forward, 5-GGCTGAGAACGGGAAGCTTGTCAT-
3’ and Reverse, 5-CAGCCTTCTCCATGGTGGT-
GAAGA-3..

In situ hybridization (ISH)

ISH was performed using an ISH Detection Kit
Il (AP; Boster Biological Technology, CA, USA).
The samples were digested using proteinase K
for 5 min and then fixed in 4% paraformalde-
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hyde for 1.5 h at 37°C. Afterward, the samples
were hybridized with a 5-digoxin-labeled pr-
obe for LncRNA PCAT-1 with a sequence of
5-GTCCATTAGCGCTATTGA-3" at 55°C over-
night. Then, paraffin-embedded sections with a
thickness of 5 uym were deparaffinized using
xylene and washed with ethanol at concentra-
tions of 75, 85, 95, and 100%, respectively.
After that, the samples were incubated with
horseradish peroxidase at 4°C for 0.5 h, and
then hematoxylin and eosin were added. Finally,
the results were read using a microscope (mag-
nification, x 200).

Transwell assay

After 48 hours transfection, the SKOV-3 and
OVCAR-3 cells were harvested and were then
seeded in the upper chamber with a diameter
of 8 ym (Corning Incorporated, Corning, NY,
USA) (Density: SKOV-3: 2.5 x 10* cells/well,
OVCAR-3: 5 x 10* cells/well), but the lower
chamber was filled with 600 pl of culture medi-
um containing 10% FBS. For the invasion
assay, Matrigel-coated chambers (Corning In-
corporated) containing 8 um pores were used.
After incubation for 12 hours at 37°C, the cells
were fixed with methanol for 10 min at 4°C at
first and then stained with crystal violet for 30
min. Finally, the results were quantified under a
light microscope (TCS SP2; Leica Microsystems,
Germany).

Cell proliferation assay

A cell proliferation assay was conducted using
a Cell Counting Kit-8 (CCK8; Dojindo Molecular
Technologies, Kumamoto, Japan) according to
the manufacturer’s instructions. After transfec-
tion with si-LncPCAT-1-1, si-LncPCAT-1-2 or NC,
EOC cell lines, SKOV-3 and OVCAR-3 were seed-
ed into 96-well plates with a density of 3000-
6000 cells/well. Then, the cells were incubated
for 24 h, 48 h, 72 h, and 96 h, respectively.
After that, 10 pl of CCK-8 was added to each
well prior to the reading of the results with a
microplate reader at 450 nm and a frequency
of every 0.5 h for 3 h in total.

Cell cycle analysis

The SKOV-3 and OVCAR-3 cells were digested
using trypsin and then fixed in 70% ethanol.
Subsequently, the cells were incubated with 25
ug/ml of Pl (Propidium lodide), 25 pl/ml of
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RNase A and Triton X-100 for 30 min at 4°C.
Flow cytometry was carried out in the end so as
to detect the cell cycle.

Flow cytometry

A flow cytometry analysis was employed for the
apoptosis analysis, which was completed us-
ing an Annexin V-Fluorescein Isothiocyanate/
Propidium lodide Apoptosis Detection Kit (cat.
No. 556547; BD Biosciences, NJ, USA) follow-
ing the manufacturer’s instructions. Specifically,
the cells were first stained using 5 ul Annexin
V-FITC and 5 ul Pl for 15 min in the dark so as to
detect the cell cycle using FACSCelesta (BD
Biosciences), and finally the results were ana-
lyzed with FlowJo software (version 10.9; FlowJo
LLC, OR, USA).

Western blotting

After transfection, the cells were lysed in a
radioimmunoprecipitation assay lysis buffer
(Beyotime Biotechnology) on ice. Afterward, 20
pg to 30 pg of protein samples were separated
on 8%-12% SDS-PAGE gels, and the bands were
transferred onto nitrocellulose membranes.
Then the membranes were blocked in Tris-
buffered saline with Tween-20 and 5% non-fat
milk for 1 h at room temperature. Next, the
membranes were incubated overnight at 4°C
with various primary antibodies, including anti-
Cyclin D1 (cat. no. ab134175; 1:1000; Abcam),
anti-CDK4 (cat. no. ab199728; 1:500; Abcam),
anti-Cyclin E1 (cat. no. ab3927; 1:1000;
Abcam), anti-CDK2 (cat. no. ab32147; 1:1000;
Abcam) and anti-GAPDH (cat. no. ab9485;
1:2500;Abcam).Thenthemembraneswereincu-
bated with HRP-conjugated secondary antibody
(Goat Anti-Rabbit 1gG H&L, cat. no. ab150077;
1:2000; Abcam) for 1 h at room temperature
after being washed 3 times. Finally, the protein
expression level was detected using an
enhanced chemiluminescence substrate (Be-
yotime Institute of Biotechnology).

Statistical analysis

Data expressed as the mean * standard devia-
tion (SD) on the basis of triplicate experiments
and were analyzed using SPSS (SPSS Inc.,
Chicago, USA). To analyze the significance of
the differences between groups, a two-way
ANOVA analysis was conducted, and if there
was a significant difference, Scheffe’s post hoc
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Figure 1. The expression of LncRNA PCAT-1 in EOC tissue, cell lines, and the control groups. A: The transcription
level of LncRNA PCAT-1 in the EOC group and the control group (*P < 0.05). B: The relative mRNA expression level
of LncRNA PCAT-1 in non-tumorigenic ovarian surface epithelial (IOSE-80) cell lines and EOC cell lines (*P < 0.05).
C: Transfection efficiency was confirmed by RT-qPCR after si-LncPCAT-1-1 and si-LncPCAT-1-2 transfection in SKOV-3
and OVCAR-3 cell lines (*P < 0.05).

Table 1. The association between LncRNA PCAT-1 ex- PCAT-1 was 2-fold higher in the EOC group
pression and clinical features in 32 patients with EOC compared to the control group, as shown

LncRNA PCAT-1 in Figure 1A, which is in accordance with
Variable Patients (n = 32) expression level the results found in the cell lines. In all

Low High P Value the EOC cell lines (SKOV'B, HEY—AS,
HO8910-PM, and OVCAR-3), the expres-
sion of LncRNA PCAT-1 was much higher

Age (years)

<5b5b 18 10 8 0.148 ) .
than it was in the IOSE-80 non-tumor cell
=55 14 4 10 line , of which the OVCAR-3 cells exhibited
FIGO stage the highest expression (a 3-fold increase),
-1l 15 10 5 0015 followed by the SKOV-3 cells (a 2.6-fold
-1V 17 3 14 increase), the HO8910-PM cells (2.5-fold
Tumor size (cm) increase) and the HEY-AS8 cells (a 2.3-fold
<5 14 11 3 0.014 increase) (Figure 1B). Subsequently, the
>5 18 6 12 patients were divided into two groups
CA125 (U/ml) according to the median expression level
<35 10 3 7 0.054 of LncRNA PCAT—:L, and it was found that
> 35 29 13 9 the higher expression of LncRNA PCAT-1
was closely related to the advanced
International Federation of Gynecology
test was applied. Moreover, an X2 test was used and Obstetrics stage (P = 0.015) and larger
to compare enumerated data. P < 0.05 was tumor size (P = 0.014). The relationship
considered significant. between the LncRNA PCAT-1 expression level
and the clinical characteristics is provided in
Results Table 1.
LncRNA PCAT-1 was upregulated in EOC pa- The knockdown of LncRNA PCAT-1 impaired
tient samples and cell lines cell proliferation, migration and invasion in
EOC cell lines
Compared to the non-tumor ovarian tissues,
the expression levels of LncRNA PCAT-1 in the To investigate the functional role of LncRNA
EOC patient tissues was significant higher. PCAT-1, OVCAR-3 and SKOV-3 cells transfected
Specifically, the transcription levels of LncRNA (Knockdown efficiency was confirmed by RT-
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Figure 2. The role of LncRNA PCAT-1 on migration and invasion. A, B: The cell proliferation rate was observed in
the si-LncPCAT-1 groups in the EOC cell lines using a CCK-8 assay (*P < 0.05). C-F: The cell migration and invasion
quantification was determined in the control and si-LncPCAT-1s groups after transfection using a Transwell assay

(*P < 0.05).

qPCR) with LncRNA PCAT-1 siRNAs and NC were
employed for further analysis. As shown in
Figure 1C, the transcription levels of LncRNA
PCAT-1 were significantly decreased after trans-
fection with si-LncPCAT-1-1 and si-LncPCAT-1-2
in comparison to the NC group in both cell lines
(OVCAR-3: si-LncPCAT-1-1 vs NC, P < 0.001, si-
LncPCAT-1-2 vs NC, P < 0.001; SKOV-3: si-LncP-
CAT-1-1 vs NC, P < 0.001, si-LncPCAT-1-2 vs NC,
P <0.001).

The results of the CCK-8 assays performed
after 24, 48, 72, and 96 hours transfection
showed that there was no significant difference
in the cell proliferation rate between the siRNA
and NC groups in both cell lines in the first 24 h
(P > 0.05). However, cell proliferation was sig-
nificantly inhibited in si-LncPCAT-1 groups (P <
0.05) at 48, 72 and 96 h. The results are pre-
sented in Figure 2A, 2B.

By implementing the Transwell assay, the role
of LncRNA PCAT-1 in migration and invasion
was studied, and the results showed that the
migratory and invasive abilities of the cells
were visually decreased after transfection with
si-LncPCAT-1s in both the SKOV-3 and OVCAR-3
cell lines (Figure 2C-F). Specifically, the migra-
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tory ability decreased by up to 41.3% (si-LncP-
CAT-1-1), 44.8% (si-LncPCAT-1-2) in the SKOV-3
cell line and 60.6% (si-LncPCAT-1-1), 45.5% (si-
LncPCAT-1-2) in the OVCAR-3 cell line; the inva-
sive ability was inhibited by up to 57.1% (si-
LncPCAT-1-1), 54.3% (si-LncPCAT-1-2) in the
SKOV-3 cell line and 60.5% (si-LncPCAT-1-1),
55.3% (si-LncPCAT-1-2) in the OVCAR-3 cell line
(Figure 2C, 2D). Taken together, it is believed
that LncRNA PCAT-1 could promote the growth
and metastasis of EOC cells.

LncRNA PCAT-1 alters the cell cycle of the EOC
cell lines and its downregulation arrested the
cell cycle at the GO/G1 phase.

The cell cycle analysis was carried out in the
SKOV-3 cell line to investigate the effects of
LncRNA PCAT-1 on the cell cycle by silencing
LncRNA PCAT-1, and the results suggested
that, after treatment with LncRNA PCAT-1 siR-
NAs, the proportion of cells in the GO/G1 phase
was significantly increased compared to the
proportion in the NC group (P < 0.05) (Figure 3).
In other words, cell cycle progression was
arrested in the GO/G1 phase after the LncRNA
PCAT-1 knockdown.

Int J Clin Exp Pathol 2019;12(6):2148-2156
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Figure 3. The role of LncRNA PCAT-1 in the cell cycle. The cell cycle was measured by flow cytometry in the SKOV-3 cell line (*P < 0.05).
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group.

The knockdown of LncRNA PCAT-1 may arrest
the cell cycle by downregulating cyclin D1/
CDK4

To investigate the mechanisms of silencing the
LncRNA PCAT-1 induced cell cycle arrest, the
expressions of the proteins that are associated
with the cell cycle were detected using a west-
ern blot analysis. As shown in Figure 4, the
expressions of cyclin D1 and CDK4, which are
key regulators of the G1 phase, were signifi-
cantly downregulated after the si-LncPCAT-1
transfection in the SKOV-3 cell line. However,
such changes were not observed with the
expressions of cyclin E1 and CDK2, indicating
that knocking down LncRNA PCAT-1 may arrest
the cell cycle at the G1 phase through cyclin
D1/CDK4. The same result appears in the
OVCAR-3 cell line (Figure 4B). We wonder
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OVCAR-3

whether the overexpression
of LncRNA PCAT-1 can upregu-
late the expression of cyclin
D1 and CDKA4.

Discussion

The clinical outcomes of epi-
thelial ovarian cancer are
always disappointing because
most patients are diagnosed
at the advanced stages.
9@ Traditional therapies such as
= surgery and platinum-based

¢
& cytotoxic chemotherapy can-

not cure this disease, and
most patients will finally devel-
op a recurrence after treat-
ment [1]. Therefore, the identi-
fication of novel treatment
strategies are of great signifi-
cance and urgently needed.
Recent studies reported that
LncRNAs may play key roles
in cancer development and
could serve as prognostic fac-
tors or potential treatment tar-
gets in various kinds of can-
cers, including EOC. Martini et
al. reported that the expres-
sions of LncRNA PVT1, Lnc-
SERTAD2, Lnc-SOX4-1, and
Inc-HRCT1-1 are associated
with relapse and poor out-
comes in EOC in both univari-
ate and multivariate analyses
[18]. Gao et al. indicated that LncRNA-HOST2
promote tumor cell proliferation and invasion in
EOC [19].

I si-con
[ si-LncPCAT-1-1
[ si-LncPCAT-1-2

LncRNA PCAT-1 was first discovered being
upregulated in prostate cancer patients, and it
shows the ability to promote cell proliferation in
prostate cells [20]. In this study, the expression
level of LncRNA PCAT-1 was found to be signifi-
cantly upregulated in EOC tissue and cell lines
in comparison to the levels in the normal
groups, and a high expression level of LncRNA
PCAT-1 always associates with unfavorable
prognostic factors, such as larger tumor size
and a higher FIGO grade. Additionally, a series
of experiments were conducted to investigate
the role of LncRNA PCAT-1 in EOC development.
Based on these experiments, it was discovered
that silencing LncRNA PCAT-1 can impair cell

Int J Clin Exp Pathol 2019;12(6):2148-2156
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proliferation, migration, and invasion in EOC
cell lines, and the downregulation of LncRNA
PCAT-1 can arrest the cell cycle at the GO/G1
phase. The mechanism involves the downregu-
lation of LncRNA PCAT-1, which may decrease
the expression of cyclinD1/CDK4 and then
induce cell cycle arrest.

According to current published studies, it is
reported that LncRNA PCAT-1 plays oncogenic
roles not only in urinary neoplasms, but also in
hepatocellular carcinoma [13, 21], colorectal
cancer [22], and gynecological cancers, such
as cervical cancer [23]. However, the mecha-
nisms through which LncRNA PCAT-1 performs
its oncogenic function varies among cancer
types. In prostate cancer cells, LncRNA PCAT-1
promotes cell proliferation through cMyc [24]
and produces a functional deficiency in homol-
ogous recombination by repressing the BRCAR
tumor suppressor [11]. In extrahepatic cholan-
giocarcinoma, it can regulate tumor progres-
sion through the Wnt/B-catenin signaling path-
way. We found that the downregulation of
LncRNA PCAT-1 can induce cell cycle arrest and
inhibit cell proliferation by inhibiting cyclinD1
and CDK4 expression, since CyclinD1 and
CDK4 work together to promote the cell cycle
transition [25-27]. This finding is similar to that
discovered in colorectal cancer cells. Qiao et al.
reported that the knockdown of LncRNA PCAT-1
induced the cell cycle arrest of HT-29 and Caco-
2 cells and the expression of cyclinD1 was sig-
nificantly downregulated in both colorectal can-
cer cell lines. They also found the expressions
of cyclin B and cyclin E were significantly
reduced after inhibiting LncRNA PCAT-1 [12].
However, the expression of Cyclin E1 did not
show a significant difference after silencing
LncRNA PCAT-1. The reason may be because
the pathways by which LncRNA PCAT-1 regu-
lates the expression of cyclins in EOC and
colorectal cancer are different.

In conclusion, the data in this study suggest
that LncRNA PCAT-1 plays an oncogenic role in
EOC and the downregulation of LncRNA PCAT-1
inhibits the cell proliferation, migration, and
invasion in EOC cell lines. Therefore, LncRNA
PCAT-1 may serve as a potential therapeutic
target for EOC.

Disclosure of conflict of interest

None.

2155

Address correspondence to: Rugiong Wei, De-
partment of Nursing, Physiotherapy and Medicine,
Universidad de Almeria, Carretera de Sacramento
s/n, Almeria 04120, Almeria, Spain. E-mail: weirug-
iongspain@126.com

References

[1] Jayson GC, Kohn EC, Kitchener HC, Ledermann
JA. Ovarian cancer. Lancet 2014; 384: 1376-
88.

[2] Jelovac D, Armstrong DK. Recent progress in
the diagnosis and treatment of ovarian cancer.
CA Cancer J Clin 2011; 61: 183-203.

[31 SuY,Wu H, Pavlosky A, Zou LL, Deng X, Zhang
ZX, Jevnikar AM. Regulatory non-coding RNA:
new instruments in the orchestration of cell
death. Cell Death Dis 2016; 7: e2333.

[4] Fatica A, Bozzonil. Long non-coding RNAs: new
players in cell differentiation and develop-
ment. Nat Rev Genet 2014; 15: 7-21.

[5] Wang P, Xue Y, Han Y, Lin L, Wu C, Xu S, Jiang
Z, Xu J, Liu Q, Cao X. The STAT3-binding long
noncoding RNA Inc-DC controls human den-
dritic cell differentiation. Science 2014; 344:
310-3.

[6] Du L, Duan W, Jiang X, Zhao L, Li J, Wang R,
Yan S, Xie Y, Yan K, Wang Q, Wang L, Yang Y,
Wang C. Cell-free IncRNA expression signa-
tures in urine serve as novel non-invasive bio-
markers for diagnosis and recurrence predic-
tion of bladder cancer. J Cell Mol Med 2018;
22:2838-2845.

[71 Guttman M, Rinn JL. Modular regulatory prin-
ciples of large non-coding RNAs. Nature 2012;
482: 339-46.

[8] Lau E. Non-coding RNA: zooming in on IncRNA
functions. Nat Rev Genet 2014; 15: 574-575.

[9] Bi M, YuH, Huang B, Tang C. Long non-coding
RNA PCAT-1 over-expression promotes prolifer-
ation and metastasis in gastric cancer cells
through regulating CDKN1A. Gene 2017; 626:
337-343.

[10] Huang J, Deng G, Liu T, Chen W, Zhou Y. Long
noncoding RNA PCAT-1 acts as an oncogene in
osteosarcoma by reducing p21 levels. Bio-
chem Biophys Res Commun 2018; 495: 2622-
2629.

[11] Prensner JR, Chen W, lyer MK, Cao Q, Ma T,
Han S, Sahu A, Malik R, Wilder-Romans K, Na-
vone N, Logothetis CJ, Araujo JC, Pisters LL,
Tewari AK, Canman CE, Knudsen KE, Kita-
bayashi N, Rubin MA, Demichelis F, Lawrence
TS, Chinnaiyan AM, Feng FY. PCAT-1, a long
noncoding RNA, regulates BRCA2 and controls
homologous recombination in cancer. Cancer
Res 2014; 74: 1651-60.

[12] Qiao L, Liu X, Tang Y, Zhao Z, Zhang J, Feng Y.
Down regulation of the long non-coding RNA

Int J Clin Exp Pathol 2019;12(6):2148-2156


mailto:weiruqiongspain@126.com
mailto:weiruqiongspain@126.com

[13]

[14]

[15]

[16]

[17]

(18]

[19]

2156

LncRNA PCAT-1 plays an oncogenic role in epithelial ovarian cancer

PCAT-1 induced growth arrest and apoptosis of
colorectal cancer cells. Life Sci 2017; 188: 37-
44,

Ren Y, Shang J, Li J, Liu W, Zhang Z, Yuan J,
Yang M. The long noncoding RNA PCAT-1 links
the microRNA miR-215 to oncogene CRKL-me-
diated signaling in hepatocellular carcinoma. J
Biol Chem 2017; 292: 17939-17949.

Shi WH, Wu QQ, Li SQ, Yang TX, Liu ZH, Tong
YS, Tuo L, Wang S, Cao XF. Upregulation of the
long noncoding RNA PCAT-1 correlates with ad-
vanced clinical stage and poor prognosis in
esophageal squamous carcinoma. Tumour
Biol 2015; 36: 2501-7.

Zhang D, Cao J, Zhong Q, Zeng L, Cai C, Lei L,
Zhang W, Liu F. Long noncoding RNA PCAT-1
promotes invasion and metastasis via the miR-
129-5p-HMGB1 signaling pathway in hepato-
cellular carcinoma. Biomed Pharmacother
2017; 95: 1187-1193.

Wen J, Xu J, Sun Q, Xing C, Yin W. Upregulation
of long non coding RNA PCAT-1 contributes to
cell proliferation, migration and apoptosis in
hepatocellular carcinoma. Mol Med Rep 2016;
13: 4481-6.

Zhen Q, Gao LN, Wang RF, Chu WW, Zhang YX,
Zhao XJ, Lv BL, Liu JB. LncRNA PCAT-1 pro-
motes tumour growth and chemoresistance of
oesophageal cancer to cisplatin. Cell Biochem
Funct 2018; 36: 27-33.

Martini P, Paracchini L, Caratti G, Mello-Grand
M, Fruscio R, Beltrame L, Calura E, Sales G,
Ravaggi A, Bignotti E, Odicino FE, Sartori E,
Perego P, Katsaros D, Craparotta I, Chiorino G,
Cagnin S, Mannarino L, Ceppi L, Mangioni C,
Ghimenti C, D’Incalci M, Marchini S, Romualdi
C. IncRNAs as novel indicators of patients’
prognosis in stage | epithelial ovarian cancer:
a retrospective and multicentric study. Clin
Cancer Res 2017; 23: 2356-2366.

Gao Y, Meng H, Liu S, Hu J, Zhang, Jiao T, Liu
Y, Ou J, Wang D, Yao L, Liu S, Hui N. LncRNA-
HOST2 regulates cell biological behaviors in
epithelial ovarian cancer through a mecha-
nism involving microRNA let-7b. Hum Mol Gen-
et 2015; 24: 841-52.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Prensner JR, lyer MK, Balbin OA, Dhanasek-
aran SM, Cao Q, Brenner JC, Laxman B, Asan-
ganilA, Grasso CS, Kominsky HD, Cao X, Jing X,
Wang X, Siddiqui J, Wei JT, Robinson D, lyer HK,
Palanisamy N, Maher CA, Chinnaiyan AM. Tran-
scriptome sequencing across a prostate can-
cer cohort identifies PCAT-1, an unannotated
lincRNA implicated in disease progression. Nat
Biotechnol 2011; 29: 742-9.

Zhang D, Cao J, Zhong Q, Zeng L, Cai C, Lei L,
Zhang W, Liu F. Long noncoding RNA PCAT-1
promotes invasion and metastasis via the miR-
129-5p-HMGB1 signaling pathway in hepato-
cellular carcinoma. Biomed Pharmacother
2017;95: 1187-1193.

Ge X, ChenY, Liao X, Liu D, Li F, Ruan H, Jia W.
Overexpression of long noncoding RNA PCAT-1
is a novel biomarker of poor prognosis in pa-
tients with colorectal cancer. Med Oncol 2013;
30: 588.

Ma TT, Zhou LQ, Xia JH, ShenY, Yan Y, Zhu RH.
LncRNA PCAT-1 regulates the proliferation, me-
tastasis and invasion of cervical cancer cells.
Eur Rev Med Pharmacol Sci 2018; 22: 1907-
1913.

Prensner JR, Chen W, Han S, lyer MK, Cao Q,
Kothari V, Evans JR, Knudsen KE, Paulsen MT,
Ljungman M, Lawrence TS, Chinnaiyan AM,
Feng FY. The long non-coding RNA PCAT-1 pro-
motes prostate cancer cell proliferation
through cMyc. Neoplasia 2014; 16: 900-8.
Asghar U, Witkiewicz AK, Turner NC, Knudsen
ES. The history and future of targeting cyclin-
dependent kinases in cancer therapy. Nat Rev
Drug Discov 2015; 14: 130-46.

Mishra R. Cell cycle-regulatory cyclins and their
deregulation in oral cancer. Oral Oncol 2013;
49: 475-81.

Diaz-Moralli S, Tarrado-Castellarnau M, Miran-
da A and Cascante M. Targeting cell cycle regu-
lation in cancer therapy. Pharmacol Ther 2013;
138: 255-71.

Int J Clin Exp Pathol 2019;12(6):2148-2156



