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Abstract. Long non-coding RNA colon cancer-associated
transcript 2 (CCAT?2) is dysregulated in a variety of types
of human cancer. However, the role of CCAT2 in epithelial
ovarian carcinoma (EOC) remains largely unknown. The aim
of this study is to investigate the effect of CCAT?2 on epithe-
lial-mesenchymal transition (EMT) and related molecular
mechanisms in epithelial ovarian cancer cells. In the current
paper, we found that CCAT2 was significantly upregulated
in EOC SKOV3, A2780 and HO8910 cell lines compared
with the normal ovarian epithelial HUM-CELL-0088 cell
line. Functional assays demonstrated that the knockdown
of CCAT2 inhibited migration and invasion of EOC cells
in vitro. Moreover, our results showed that silencing CCAT?2
inhibited EMT by the upregulation of epithelial cadherin and
downregulation of neural cadherin, zinc finger protein SNAI
and Twist-related protein 1 in SKOV3 and A2780 cell lines.
But, that was reversed by the treatment with lithium chloride
(LiCl), by which the canonical Wnt/B-catenin pathway could
be activated. In addition, we further investigated the role
of CCAT2 in the modulation of Wnt/B-catenin signaling
pathway. Our results revealed that knockdown of CCAT2
inhibited the expression of 3-catenin and the activity of T-cell
factor/lymphoid enhancer factor, acting as a key transcription
factor of Wnt signaling pathway. Collectively, these results
indicate that CCAT2 may promote EMT, at least partly through
Wnt/B-catenin signaling pathway in EOC cells. Thus, CCAT2
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might play a critical role in EOC progression and serve as a
valuable target for the treatment of ovarian cancer.

Introduction

Ovarian cancer is one of the most common gynecological
malignancies and the incidence rate has been increasing annu-
ally (1). The most prevalent histological type is the epithelial
ovarian carcinoma (EOC) which represents 85% of ovarian
carcinoma (2). Despite advances in surgery and chemotherapy
in the last decades, the overall survival of patients suffering
from EOC is not satisfactory, with a 5-year survival rate of
only 30% (3). Such a poor prognosis of patients with EOC
has been largely correlated with tumor metastasis. Thus, it
is urgently needed to understand the molecular mechanisms
underlying ovarian cancer development and progression.

Epithelial-mesenchymal transition (EMT) is an important
mechanism leading to invasion and metastasis of various
cancers (4-6). Cells undergoing EMT lose the epithelial
features and acquire some mesenchymal features, which is
associated with the upregulation of N-cadherin and down-
regulation of E-cadherin (6). EMT causes the failure of the
intercellular connection that may facilitate the cancer cell
to pass through basement membrane (7). E-cadherin is also
known as cadherin 1 (CDH1) and crucial for sustaining the
polarity and structure of normal epithelial cell (8). Reduction
of E-cadherin on the cell surface is clearly associated with
poor overall survival of patients with EOC (9).

Colon cancer-associated transcript 2 (CCAT?2), a novel
IncRNA transcript reported by Ling et al, is located on 8q24
and highly overexpressed in microsatellite-stable colorectal
cancer (10). Recently, Qiu ef al reported that CCAT2 was
highly expressed in non-small cell lung cancer (NSCLC).
And the proliferation and invasion of NSCLC cell lines were
inhibited in vitro after CCAT?2 was silenced (11). Redis et al
found that CCAT?2 appeared to have higher expression in
breast cancer tissue than in non-tumor tissue. Additionally,
they observed that CCAT2 promoted cell migration and
downregulated chemosensitivity to 5'FU in breast cancer (12).
These studies indicated that CCAT2 acted as an oncogene in
various human cancers. However, the detailed function and
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potential molecular mechanisms of CCAT?2 in EOC are not
fully understood and need to be investigated.

In the present study, we found that knockdown of
CCAT2 inhibited EMT by upregulating E-cadherin and
downregulating N-cadherin, Slug and Twistl in SKOV3 and
A2780. Furthermore, our results indicate that CCAT2 may
exert its biological functions partly through Wnt/B-catenin
signaling pathway in the ovarian cancer cells. Therefore, the
study revealed the important roles as well as the potential
mechanisms of CCAT?2 in ovarian cancer progression.

Materials and methods

Cell lines and cell culture. Two human EOC cell lines
(SKOV3, A2780) were purchased from the Institute of
Biochemistry and Cell Biology of Chinese Academy of
Science (Shanghai, China). HO8910 was kindly provided by
the Key Laboratory, Harbin Medical University, Ministry of
Education (Heilongjiang, China). The EOC cell lines were
cultured in RPMI-1640 medium (Corning Inc., Corning, NY,
USA) containing 10% fetal bovine serum (FBS; Gibco Life
Technologies, Carlsbad, CA, USA), penicillin (100 U/ml)
and streptomycin (100 mg/ml) (both from Beyotime Institute
of Biotechnology, Jiangsu, China). Human ovarian surface
epithelial (HOSE) cell HUM-CELL-0088 was obtained from
PriCells Biomedical Technology Co., Ltd. (Wuhan, China).
HUM-CELL-0088 was cultured in DMEM (Corning, Inc.)
with 10% FBS, penicillin (100 U/ml) and streptomycin
(100 mg/ml). All of the above cells were maintained in a
humidified 5% CO, incubator at 37°C.

Total RNA extraction and reverse transcription-quantitative
PCR (RT-gPCR). Total RNA was isolated from cell lines using
TRIzol reagent (Invitrogen, Auckland, New Zealand). RNA
was reversely transcribed into cDNAs using a Transcriptor First
Strand cDNA Synthesis kit (Roche Diagnostics, Indianapolis,
IN, USA) according to the manufacturer's instructions.
gPCR reactions performed using a qPCR System (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) and SYBR-Green
PCR Master Mix (Roche Diagnostics). The primers used were:
CCAT2, 5'-CCAGGCAATAACTGTGCAACTC-3' (sense)
and 5'-ACTTACGTAGGGCATGCCAAA-3' (antisense);
E-cadherin (CDHI), 5" TGCCCAGAAAATGAAAAAGG-3'
(sense) and 5'-GTGTATGTGGCAATGCGTTC-3' (antisense);
N-cadherin (CDH2), 5'-ACAGTGGCCACCTACAAAGG-3'
(sense) and 5'-CCGAGATGGGGTTGATAATG-3' (antisense);
Slug (SNAI2), 5"“TTCGGACCCACACATTACCT-3' (sense)
and 5-GCAGTGAGGGCAAGAAAAAG-3' (antisense);
Twistl (TWISTI), 5'-GGAGTCCGCAGTCTTACGAG-3'
(sense) and 5'-TCTGGAGGACCTGGTAGAGG-3' (antisense);
glyceraldehyde 3-phosphate dehydrogenase (GAPDH),5'-GAG
TCAACGGATTTGGTCGT-3' (sense) and 5'-GACAAGCTT
CCCGTTCTCAG-3' (antisense). Relative expression was
calculated using the 224¢ method. Each gPCR amplification
was performed in triplicate to verify the results.

Small interfering RNAs (siRNAs) and transfection. For the
study in vitro, SKOV3 and A2780 cells cultured on 6-well plate
were transfected with either siRNAs targeting CCAT?2 or nega-
tive controls (GeneChem, Shanghai, China) using lentivirus
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Figure 1. CCAT?2 expression was upregulated in EOC SKOV3, A2780 and
HO8910 cell lines compared with that in the HOSE HUM-CELL-0088 cell
line. The data represent the mean + standard deviation of three independent
experiments. "'P<0.05 and *P<0.01 compared to HOSE cell (Student's t-test).
EOC, epithelial ovarian carcinoma; HOSE, human ovarian surface epithelial;
CCAT?2, colon cancer-associated transcript 2.

as vector (hU6-MCS-Ubiquitin-EGFP-IRES-puromycin)
according to the instructions provided by the manufacturer.
The siRNA sequences were as follows: 5~ AGGUGUAGCCAG
AGUUAAUTT-3' (sense) and 5-AUUAACUCUGGCUAC
ACCUTT-3' (antisense). Cells were harvested for RT-qPCR
and other experiments at 48 h after transfection.

Monolayer wound healing assay. Migration ability was
measured using the wound healing assay. SKOV3 and A2780
were grown in 6-well plates. The cells were transfected with
either siRNAs targeting CCAT2 or a negative control (NC).
When cell reached 80% density, wounds were created in
confluent cells using a 100 ul pipette tip and then cells incu-
bated in fresh medium for 48 h. Three different locations were
observed and photographed with an inverted phase contrast
microscope (10X objective; Nikon, Japan, Tokyo). Each expe-
riment was repeated at last three times.

Transwell invasion assay. Cell invasion assay was performed
using Transwell chambers (8 ym pore size; Corning Life
Sciences, Tewksbury, MA, USA). For this assay, 100 ul
Matrigel (BD Biosciences, San Jose, CA, USA) was coated
onto the upper chamber. The infected cells (5x10%) were
seeded in the upper chamber of the wells in 100 ul FBS-free
medium, while the lower chambers were filled with 600 ul
20% FBS medium. Following incubation for 24 h, the top
layer of the insert was scrubbed with a sterile cotton swab to
remove any remaining cells. The invading cells on the bottom
surface were fixed with methanol for 30 min, stained with 0.1%
crystal violet for 10 min and imaged using digital microscopy
(10X objective; Nikon). Cell numbers were calculated in five
random fields for each chamber at least and then the average
value was calculated.

Western blot analysis. The harvested cells were disrupted
in RIPA lysis buffer (Beyotime Institute of Biotechnology)
containing protease inhibitor [l mM phenylmethylsulfonyl
fluoride (PMSF)]. After centrifugation, the supernatant frac-
tion was harvested as the total cellular protein extract. The
nuclear and cytoplasmic protein was extracted using Nuclear
and cytoplasmic protein extraction kit (Beyotime Institute of
Biotechnology) according to the manufacturer's instructions.
The protein concentration was calculated using the Pierce
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Figure 2. Silencing CCAT?2 inhibited migration and invasion of EOC cells in vitro. (A) Representative images of the wound healing assay. (B) This assay
showed that knockdown of CCAT?2 reduced motility relative to NC cells. (C) Representative images of cell invasion was evaluated using a Matrigel invasion
chamber. (D) Silencing CCAT?2 inhibited invasion of SKOV3 and A2780 cells. The data represent the mean + SD of three independent experiments. P<0.01
compared to NC group (Student's t-test). NC, negative control; siRNAs, small interfering RNAs; CCAT?2, colon cancer-associated transcript 2.

BCA protein assay kit (Beyotime Institute of Biotechnology).
The cellular protein was separated by sodium dodecyl
sulfate-polyacrylamide gel (SDS-PAGE) and transferred
to polyvinylidene fluoride (PVDF) membranes (Invitrogen
Life Technologies, Carlsbad, CA, USA). After blocking
with 5% fat-free milk for 1 h, the membrane was incubated
with primary antibodies against E-cadherin (1:200 dilution,
ab219332), N-cadherin (1:200 dilution, ab12221) (both from
Abcam, Cambridge, MA, USA), Slug (1:500 dilution, C19G7),
Twistl (1:500 dilution, 46702), f-catenin (1:500 dilution,
9562) (all from Cell Signaling Technology, Inc., Danvers,
MA, USA), a-tubulin (1:2,000 dilution, ab7291), Lamin Bl
(1:2,000 dilution, ab16048) and (-actin (1:2,000 dilution,
ab8226) (all from Abcam) overnight at 4°C and then blots
were washed 3 times in 1X Tris-Buffered Saline with 0.5%
Tween (TBS-T), followed by incubation with an appro-
priate secondary antibody (1:5,000 dilution, ab6721 or
ab6728; Abcam) for 1 h. The blots were visualized using
an enhanced chemiluminescence kit (Beyotime Institute of
Biotechnology). a-Tubulin, B-actin and lamin Bl were used
as the loading control. Grayscale scanning for western blot
analyses of three independent experiments was performed
for quantitative analysis. The protein bands were analyzed
using Gel-Pro Analyzer 6.3.0 software (Media Cybernetics,
Rockville, MD, USA).

TOP-FLASH luciferase assay. Cells were transfected with
250 ng of the TOP-FLASH reporter constructs together with
25 ng of the Renilla luciferase vector. Luciferase activity was
measured by the Dual Luciferase Reporter Assay System
(Promega, Madison, WI, USA) 48 h after transfection. Renilla
luciferase was used as the internal control, and TOP values
were normalized to Renilla values. The TOP values were

calculated and used as indicators of the endogenous level of
Wat signaling.

Statistical analysis. All of the statistical analyses were
performed with SPSS 18.0 software (SPSS Inc., Chicago,
IL, USA). Differences/correlations between two groups were
assessed by the Student's t-test. P-values <0.05 were considered
to indicate a statistically significant difference.

Results

CCAT?2 is upregulated in ovarian cancer cell lines. To
know about the profile of CCAT2 in EOC cell lines and
HOSE cell, we characterized its expression by RT-qPCR in
SKOV3, A2780, HO8910 and HUM-CELL-0088 (Fig. 1).
CCAT?2 expression was upregulated in ovarian cancer cell
lines (SKOV3, A2780 and HO8910) compared with that in
HOSE cell (HUM-CELL-0088). The results also showed that
the expression level of CCAT2 in SKOV3 was the highest
among three ovarian cancer cells, followed by that in A2780.
SKOV3 and A2780 cell lines were chosen for subsequent
experiments.

Silencing CCAT2 inhibited migration and invasion of EOC
cell lines in vitro. To investigate whether CCAT?2 plays a key
role in facilitating cell migration and invasion, wound healing
and invasion assays were performed. As was shown in Fig. 2,
knockdown of CCAT?2 significantly inhibited migration and
invasion of EOC cells.

Knockdown of CCAT2 inhibits EMT in EOC cells. To test the
hypothesis that CCAT2 may influence EMT in ovarian cancer
cells, we examined a set of EMT marker genes, including
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Figure 3. CCAT2 promotes EMT involving Wnt/f-catenin signaling pathway in EOC cells. (A) Knockdown of CCAT? increased the expression of E-cadherin
and decreased that of N-cadherin, (B) Slug and Twistl at the mRNA level in SKOV3 cells and (C) increased the expression of E-cadherin and decreased
that of N-cadherin, (D) Slug and Twistl at the mRNA level in A2780. But, that was reversed by the treatment with Wnt signaling activator LiCl (20 mM for
24 h). The data represent the mean + standard deviation of three independent experiments. The values of the controls were set as 1. “P<0.05 compared to NC
group; “P<0.05 compared to SI group (Student's t-test). CCAT2, colon cancer-associated transcript 2; EMT, epithelial-mesenchymal transition; EOC, epithelial
ovarian carcinoma; NC, negative control; siRNA, small interfering RNA; LiCl, lithium chloride; E-cadherin, epithelial cadherin; N-cadherin, neural cadherin;

Slug, zinc finger protein SNAI; Twistl, Twist-related protein 1.

CDHI1 (E-cadherin), CDH2 (N-cadherin) SNAI1 (Snail),
SNAI2 (Slug) and Twistl. The data showed that knockdown of
CCAT?2 increased the expression of epithelial marker CDH1
but decreased that of mesenchymal marker CDH2 at the
mRNA and protein levels (Figs. 3 and 4). Moreover, Slug and
Twist]l were also downregulated when CCAT2 was silenced in
EOC cells (Figs. 3 and 4). These results indicate that CCAT2
may be through the upregulation of Slug and Twist1 to promote
EMT in ovarian cancer cells.

CCAT?2 is involved in Wnt/(3-catenin signaling pathway. To
betterunderstand the detailed mechanisms of CCAT2 in ovarian
cancer, we tested whether suppressing CCAT2 affected Wnt
signaling pathway whose aberration played a key role in EOC
development. The luciferase reporter system was employed in
SKOV3 and A2780 cells. The results showed that silencing
CCAT?2 decreased TCF/LEF activity in the cells (Fig. 5A).
We next measured the expression levels of 3-catenin that is a
key component of Wnt/B-catenin signaling pathway. The data
revealed that knockdown of CCAT?2 decreased the expression
of B-catenin both in the nucleus and cytoplasm at the protein
level (Fig. 5C and D). In addition, we observed an obvious
increase in CCAT?2 expression after ovarian cancer cells were
treated with lithium chloride (LiCl; 20 mM for 24 h) in order
to activate canonical Wnt/B-catenin signaling through the
inhibition of glycogen synthase kinase 3p (GSK3B) (Fig. 5B).
These results strongly suggest that CCAT2 is involved in
Wnt/B-catenin signaling pathway and may elevate the signaling
activity in EOC cells.

CCAT2 promotes EMT involving Wnt/f3-catenin signaling
pathway. The above results showed that knockdown of CCAT2

inhibited the process of EMT (Figs. 3 and 4) and the activity
of Wnt signaling (Fig. 5A and C). To further study the under-
lying mechanism by which CCAT2 induced EMT, ovarian
cancer cells with knockdown of CCAT2 were treated with
LiCl (20 mM) for 24 h to activate canonical Wnt/f3-catenin
signaling. The results showed that it downregulated the
expression of CDHI1 and upregulated CDH2, Slug, Twistl and
CCAT?2 (Figs. 3, 4 and 5B). Taken together, these data indicate
that CCAT2 may promote EMT involving Wnt/f-catenin
signaling pathway in EOC cells.

Discussion

Recently, IncRNAs were discovered to be dysregulated in a
variety of diseases, especially carcinomas (13-15). As a novel
IncRNA, CCAT?2 was initially reported for its overexpression
in primary colorectal cancer and promotion of tumor growth,
metastasis and chromosomal instability (10). Redis et al
revealed that CCAT2 modulated colorectal cancer metabolism
by interaction with the cleavage factor I (CFIm) complex
in an allele-specific manner (16). Their study indicated that
the mechanisms, underlying the regulation of metabolism,
involved IncRNA, protein complexes, oncogenes and tran-
scription factors. These findings provide some new and
valuable clues to further explore the biological functions of
CCAT2 in EOC, since the aberration of metabolism plays a
really important role in ovarian cancer progression (17,18).
Wang et al reported that CCAT?2 functioned as an oncogene in
gastric cancer (GC) and was involved in GC progression (19).
Huang et al found that CCAT?2 expression was elevated in
ovarian cancer tissues and cell lines. They also demonstrated
that high CCAT?2 level was significantly positively correlated
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Figure 4. Knockdown of CCAT?2 increased the expression of E-cadherin and decreased that of N-cadherin, Slug and Twist1 at the protein level in SKOV3 and
A2780 cells. But, that was reversed by the treatment with Wnt signaling activator LiCl (20 mM) for 24 h (20 mM NaCl as control). Representative images of
western blot analysis for (A) SKOV3 and (B) A2780 are presented. The data represent the mean + standard deviation of three independent experiments. The
values of the controls were set as 1. “P<0.05 compared to NC group; “P<0.05 compared to the SI+NaCl group (Student's t-test). CCAT2, colon cancer-associated
transcript 2; LiCl, lithium chloride; NC, negative control; siRNA, small interfering RNA; E-cadherin, epithelial cadherin; N-cadherin, neural cadherin; Slug,
zinc finger protein SNAI; Twistl, Twist-related protein 1.
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Figure 5. CCAT2 is involved in Wnt/B-catenin signaling pathway. (A) TOP-FLASH luciferase reporter assay showed that knockdown of CCAT2 downregulated
TCF/LEF activity in SKOV3 and A2780. (B) The expression of CCAT2 was increased by LiCl treatment (20 mM, for 24 h) to further activate canonical
Wnt/B-catenin signaling. (C) Knockdown of CCAT?2 decreased the expression of [3-catenin both in the nucleus and cytoplasm at the protein level in SKOV3
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with FIGO stage, tumor grade and distant metastasis of
ovarian cancer (20). However, the molecular mechanisms by
which CCAT?2 promotes EOC metastasis and progression are
not fully understood. In the current study, we investigated the
effect of CCAT2 on EMT and related molecular mechanisms
in epithelial ovarian cancer cells. Our results demonstrated
that CCAT2 played a functional role in promoting EMT of
EOC cells.

As a significant biological process, EMT involves a change
from an epithelial to a mesenchymal phenotype in epithelial
cell. Downregulation of E-cadherin and upregulation of
N-cadherin are the hallmarks of EMT (21). N-cadherin is a
mesenchymal feature, while E-cadherin is an epithelial adhe-
sion glycoprotein whose decrease could make the junctions
between epithelial cells dissolved and facilitate migratory and
aggressive behavior (22). Previous studies demonstrated that
the expression of E-cadherin was reduced in various kinds of
invasive tumors including epithelial ovarian carcinoma (23-25).
In the present study, we observed that silencing CCAT?2 inhib-
ited cell migration and invasion, as well as EMT of EOC cells.
Furthermore, we found that Slug and Twistl were both down-
regulated at the mRNA and protein levels after CCAT2 was
knocked down. As is known, Slug and Twistl could facilitate
the process of EMT by modulating E-cadherin and N-cadherin.
Therefore, these findings strongly suggest that Slug and Twistl
may be the major targets by which CCAT2 modulates EMT of
ovarian cancer cells.

Canonical Wnt/B-catenin signaling pathway is important
for the induction of EMT (26,27). Studies demonstrated that
the aberrant signaling of Wnt pathway played a key role in
EMT during colorectal cancer progression (28). Previous
research has shown that the suppression of Wnt signaling
inhibited cell migration and promoted cell adhesion in
ovarian cancer cells, which was attributed to the inhibi-
tion of EMT (29). By virtue of immunoprecipitation assay
targeting TCF7L2 (protein) and CCAT2 (RNA), Ling et al
found that CCAT2 might markedly modulate the down-
stream genes of Wnt signaling pathway by combining with
TCF7L2 and increasing its transcriptional activity in colon
cancer cells (10). In this study, we detected that knockdown
of CCAT?2 inhibited the activity of TCF/LEF in SKOV3 and
A2780. Moreover, our investigation revealed that silencing
CCAT?2 decreased the expression of [-catenin both in the
nucleus and cytoplasm at the protein level. These results
demonstrated that knockdown of CCAT?2 inhibited the
activity of Wnt signaling in EOC cells, which was in line
with the finding in glioma and breast cancer (30,31).

The above results revealed that knockdown of CCAT?2
inhibited the process of EMT and the activity of Wnt signaling.
To further study the underlying mechanisms by which CCAT2
induced EMT, cells with knockdown of CCAT?2 were treated
with LiCl to activate canonical Wnt/B-catenin signaling.
We found that LiCl treatment not only reversed the effect of
silencing CCAT2 on EMT, but also greatly enhanced CCAT?2
expression. These results suggest that CCAT2 may promote
the process of EMT, at least partly, through Wnt/B-catenin
signaling pathway in epithelial ovarian carcinoma cells. The
data also indicate there might be a complex feedback loop
between CCAT2 and Wnt signaling that needs to be further
explored in the future.

WANG et al: CCAT2 PROMOTES EMT INVOLVING WNT PATHWAY IN OVARIAN CANCER CELLS

In conclusion, the present study advances the under-
standing of the molecular mechanisms by which CCAT2
facilitates EMT. Our findings suggest that CCAT2 may play an
important role in EOC progression. Thus, CCAT2 may serve
as a potential target for the treatment of ovarian cancer.
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