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Background: Ovarian cancer ranks fifth among the most prevalent cancer type in females
all over the world. It is the second most frequent malignant tumor which accounts for 3% of
cancer in females. Therefore, to explore the mechanism of carcinogenesis in ovarian cancer
is important to develop new treatment methods. It has been previously found that IncRNA-
ATB could promote the tumorigenesis of malignant tumors. However, the role of IncRNA-
ATB during the progression of ovarian cancer remains unclear.

Methods: Gene expressions in tissues or cells were detected by using qRT-PCR. Western
blot was performed to investigate the protein expressions in ovarian cancer cells. Cell
apoptosis was tested by flow cytometry. Moreover, the correction between IncRNA-ATB
and miR-204-3p was examined by Dual-luciferase reporter assay and RNA pulldown. Cell
proliferation and invasion were detected by CCK-8, Ki-67 staining and transwell assay,
respectively. Finally, xenograft mice model was established to confirm the result of in vitro
experiments.

Results: LncRNA-ATB silencing significantly inhibited the proliferation and induced apop-
tosis of ovarian cancer cells. In addition, luciferase activity suggested that IncRNA-ATB
negatively regulated miR-204-3p in ovarian cancer. Besides, Nidogen 1 (NID1) was the
direct target of miR-204-3p. Overexpression of NID1 could notably reverse the inhibitory
effect of IncRNA-ATB knockdown on the progression of ovarian cancer. Finally, IncRNA-
ATB silencing notably attenuated the severity of ovarian cancer in vivo.

Conclusion: Downregulation of IncRNA-ATB significantly inhibited the tumorigenesis of
ovarian cancer in vitro and in vivo, which may serve as a potential novel target for the
treatment of ovarian cancer.
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Introduction

Ovarian cancer is presently the fifth leading cause of death among the most
prevalent cancer type in females all over the world." Several living habits and
environmental factors have been confirmed to contribute to the progression of
ovarian cancer.” Although some efforts have been made in understanding the
pathogenesis of ovarian cancer, effective strategies are still limited in decreasing
the incidence and recurrence rate related to ovarian cancer.’ Therefore, it is
necessary to find novel mechanisms of tumorigenesis in ovarian cancer.

A large number of reports have considered noncoding RNAs (ncRNAs) as possible
regulators of multiple diseases.* ¢ MicroRNAs are small ncRNAs with a length of 20-
25nt that are involved in the pathogenesis of ovarian cancer.’” These ncRNAs are
greater than 200 nucleotides in length with limited or no protein-coding capacity, and
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they are known as long non-coding RNAs (IncRNAs).®
LncRNAs have been regarded to play a key role in tumor-
igenesis of ovarian cancer. For instance, Yan et al found that
IncRNA FLVCR1-ASI1 could promote the cell proliferation
and invasion of ovarian cancer.’ Additionally, You et al
indicated that lincRNA DLX6-AS1 could act as an oncogene
by targeting miR-613 in ovarian cancer.'” Previous studies
have indicated that IncRNA-ATB could significantly pro-
mote the progression of multiple malignancies.'' "
However, the role of IncRNA-ATB in the progression of
ovarian cancer remains to be explored. Thus, this research
aimed to explore the biological function of IncRNA-ATB
during the progression of ovarian cancer in vitro and in vivo.

Materials and Methods

Cell Culture

SKOV3 A2780 and 293T cell lines were obtained from
American Type Culture Collection (ATCC, Manassas, VA,
USA) and cultured in RPMI-1640 medium, supplemented
with 10% FBS and 2 mM Glutamine (Sigma-Aldrich,
St. Louis, MO, USA) at 37°C.

Cell Transfection

Lentiviral expressing short-hairpin RNA (shRNA1 or
shRNA2) directed target IncRNA-ATB and one nontarget-
ing sequence (negative control) were obtained from
Hanbio Biotechnology Co., Ltd (Shanghai, China). Next,
IncRNA-ATB shRNAI1 or shRNA2 was packaged into
lentiviruses. Then, the lentiviral vector DNAs were then
transfected into 293T cells including lenti-IncRNA-ATB
shRNAs and negative control (NC). After transfection, the
cells were incubated at 32°C, and then the supernatant was
collected. After that, supernatants of two IncRNA-ATB
shRNAs and negative control were filtered into particles.
Finally, all ovarian cancer cells were infected with lenti-
viral particles according to the manufactures’ protocol.
After 48 h of incubation, stable ovarian cancer cells were
then selected by puromycin (2.5 pg/mL, Sigma Aldrich,
St. Louis, MO, USA). qRT-PCR assay was used to verify
the efficiency of transfection.

For miR-204-3p transfection, SKOV3 cells were trans-
fected with miR-204-3p inhibitor or NC by Lipofectamine
2000 according to the previous reference.'* MiR-204-3p
inhibitor and negative control RNAs were purchased from
GenePharma (Shanghai, China). The efficiency of trans-
fection was detected by q-PCR.

NID| Overexpression

SKOV3 or A2780 cells were plated into 60-mm plates at
4x10° cells/well overnight. Then, supernatants with lenti-
viruses carrying the NID1 gene were added directly to
cancer cells (at 50-60% of confluence) for 24 hrs. Next,
SKOV3 cells were re-plated on the selection medium-
containing puromycin (2.5 pg/mL) for another 3 days.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNAs were extracted from tissues or cell lines with
TRIZOL reagent (Invitrogen, Carlsbad, CA, USA). We carried
out reverse transcription and real-time PCR assays by means
of PrimeScript RT reagent Kit (Takara, Tokyo, Japan) and
SYBR premix Ex Taq II kit (Takara, Tokyo, Japan) severally.
B-actin or U6 was used as the internal control. The primers for
IncRNA-ATB were: forward: 5'-GAGGCTGGTTGACATGC
CTT-3' and reverse: 5-GAGCATCTCTGGGTGCTGGT-3";
the primers for NID1 were: forward: 5-CCTTCATAACT
GCGACATACCC-3" and reverse: 5-AAGCCGTCTCCCT
GATAACC-3'; the primers for miR-204-3p were: forward: 5'-
GGGAAGGCAAAGGGACGT-3' and reverse: CTCAACTG
GTGTCGTGGATGC; the primers for U6 were: forward:
CTCGCTTCGGCAGCACAT and reverse: AACGCTTCA
CGAATTTGCGT and the primers for -actin were: forward:
5-GTCCACCGCAAATGCTTCTA-3" and reverse: 5'-
TGCTGTCACCTTCACCGTTC-3". 27**“" method was uti-
lized to measure the relative expression.

CCK-8 Assay

Cell counting kit-8 assay (CCKS8, Beyotime, Shanghai,
China) was used for testing the cell viability. SKOV3 or
A2780 cells were plated into 96-well plates with a density
of 5x10° cells per well and treated as following: nothing
(Blank), lentiviral-control (NC), IncRNA-ATB shRNA2
(IncRNA-ATB shRNA2) or IncRNA-ATB shRNA2 plus
miR-204-3p inhibitor (IncRNA-ATB shRNA2+miR-204-
3p inhibitor) for 0, 24, 48 and 72 hrs, respectively. Then,
ovarian cancer cells were treated with 10-uL. CCK-8
reagent for another 2 h at 37°C. Next, the absorbance of
cells was measured at 450 nm using a microplate reader
(Thermo Fisher Scientific, Waltham, MA, USA).

RNA Pulldown

For the RNA pulldown assay, the Biotin RNA Labeling
Mix (Roche, Basel, Switzerland) was used to transcribe
and label probe-control or probe-ATB from ATB shRNA
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lenti vector in vitro. An RNA structure buffer (Thermo,
MA, USA) was used to induce secondary structure forma-
tion from the biotin-labeled RNAs. Streptavidin beads
(Thermo) were washed three times with 500 uL of RNA
immunoprecipitation wash buffer (Thermo) and then
added to the biotinylated RNAs at 4°C overnight. The
overnight mixture was separated by a magnetic field so
that streptavidin bead-RNA complexes could be obtained.
Then, lysates of SKOV3 cells were added to the com-
plexes and incubated on a rotator at room temperature
for 1 hr. The incubated mixture was again separated with
a magnetic field so that streptavidin bead-RNA-protein
complexes could be obtained.

Western Blotting

Total proteins were lysed using RIPA lysis buffer. Then, the
concentration of protein was detected using a BCA protein
kit (Thermo Fisher Scientific, Waltham, MA, USA). Proteins
(40 pg per lane) were separated on 10% SDS-PAGE gel and
then transferred onto polyvinylidene fluoride (PVDEF,
Thermo Fisher Scientific) membranes. After that, the mem-
branes were blocked with 5% skim milk in TBST for 1 h at
room temperature, and then incubated with the primary anti-
bodies against NID1 (Abcam Cambridge, MA, USA,
1:1000), Bax (Abcam, 1:1000), Bcl-2 (Abcam, 1:1000),
cleaved caspase 3 (Abcam, 1:1000), E-cadherin (Abcam,
1:1000), vimentin (Abcam, 1:1000) and B-actin (Abcam,
1:1000) overnight at 4°C. Then, the membranes were incu-
bated with HRP-conjugated secondary antibodies for 1 h at
room temperature. Finally, the membranes were detected by
Enhanced Chemiluminescence (ECL) kit (Thermo Fisher
Scientific, Waltham, MA, USA). B-actin was used as an
internal control.

Immunofluorescence

Ovarian cancer cells or tumor tissues of mice were prefixed
in 4% paraform for 10 mins, and fixed in pre-cold methanol
for another 10 mins. Next, cells were incubated with primary
antibodies overnight at 4°C: anti-Ki67 (Abcam; 1:1000) and
DAPI (Abcam; 1:1000). Goat anti-rabbit IgG antibody
(Abcam; 1:5000) was used as the secondary antibody. The
samples were visualized by fluorescence microscope
(Olympus CX23, Tokyo, Japan) immediately.

Cell Apoptosis Analysis

SKOV3 or A2780 cells were seeded in a 6-well plate. The
residue was resuspended with 100-uL binding buffer after
centrifuged at 1000 rpm/min for 5 min. Then, 5-puL

Annexin V-FITC and 5-uL propidium (PI) were added in
the system for 15 min. The cell apoptotic rate was mea-
sured by flow cytometer (BD, Franklin Lake, NJ, USA)
and the results were analyzed using the software WinMDI
2.9 (Invitrogen, Carlsbad, CA, USA).

Dual-Luciferase Reporter Assay

The partial sequences of IncRNA-ATB and 3'-UTR of
NID1 containing the putative binding sites of miR-204-
3p were synthetized and obtained from Sangon Biotech
(Shanghai, China), then were cloned into the pmirGLO
Dual-Luciferase miRNA Target
(Promega, Madison, WI, USA) to construct wild-type
reporter vectors ATB (WT) and NID1 (WT), respectively.
The mutant IncRNA-ATB sequences and 3’-UTR of NID1
sequences containing the putative binding sites of miR-

Expression  Vectors

204-3p were performed by Q5 Site-Directed Mutagenesis
Kit (New England Biolabs, Ipswich, MA, USA) and then
cloned into pmirGLO vectors, respectively, to construct
mutant-type reporter vectors ATB (MUT) and NIDI
(MUT). The ATB (WT) or ATB (MUT) were transfected
into SKOV3 cells together with Blank, vector-control or
miR-204-3p mimics using Lipofectamine 2000 (Thermo
Fisher Scientific, Waltham, MA, USA) according to the
manufacturer’s instructions. Similarly, the NID1 (WT) or
NID1 (MUT) was transfected into 293T cells together with
Blank, vector-control or miR-204-3p mimics. The relative
luciferase activity was analyzed by the Dual-Glo
Luciferase Assay System (Promega, Madison, WI, USA).

Transwell Assay

For cell invasion analysis, transwell assay was performed
in this study. The upper chamber is pre-treated with 100
pL of Matrigel. SKOV3 or A2780 cells were seeded into
the upper chamber in media with 1% FBS, and the density
was adjusted to about 1.0x10° cells per chamber.
RPMI1640 medium with 10% FBS was added to the
lower chamber. After 24 hrs of incubation at 37°C, the
transwell chamber was rinsed twice with PBS (5 min per
time), fixed by 5% glutaraldehyde at 4°C and stained with
0.1% crystal violet for 30 mins. The transwell chamber
was washed twice with PBS and then observed under
a microscope. The number of cells invading the Matrigel
was regarded to be a reflection of the invasion ability.

In vivo Experiments
9 BALB/nude mice (aged 6 weeks) were purchased from
Vital River (Beijing, China) and housed within a dedicated
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SPF facility. The nude mice were injected subcutaneously
with SKOV3 cells (5x10° cells, in 100 uL of PBS) into the
right flanks of mice according to the previous reference.'
LncRNA-ATB shRNA2 or vector control was directly
injected into the mice. Tumor size was measured weekly
for 4 weeks according to the equation: (lengthxwidth”2)/2.
At the end of the experiments, the mice were sacrificed for
the collection of tumors. Then, each tumor was weighed.
All in vivo experiments were performed in accordance
with National Institutes of Health guide for the care and
use of laboratory animals, following a protocol approved
by the Ethics Committees of Taizhou People’s Hospital.

Statistical Analysis

Each group were performed at least three independent
experiments and all data were expressed as the mean =+
standard deviation (SD). The comparison between the two
groups was analyzed by Student’s #-test. The comparisons
among multiple groups were made with one-way analysis
of variance (ANOVA) followed by Tukey’s test (Graphpad

Prism7). P<0.05 was considered to indicate a statistically

significant difference.

Results
ATB Silencing Inhibited the Proliferation
of Ovarian Cells

To investigate the efficacy of transfections, the expression of
ATB in ovarian cancer cells were measured with g-PCR. As
revealed in Figure 1A, IncRNA-ATB shRNA1 or shRNA2
significantly decreased the expression of IncRNA-ATB in
ovarian cancer cells. Since IncRNA-ATB shRNA2 exhibited
better silencing effect, it was used for the following experi-
ments. Next, CCK-8 and Ki-67 staining were used to inves-
tigate the proliferation of ovarian cancer cells. As shown in
Figure 1B and C, the cell viability of SKOV3 or A2780 cells
was significantly decreased in the presence of IncRNA-ATB
silencing, compared with control. Then, Ki-67 positive cell
rate of SKOV3 was significantly decreased by IncRNA-ATB
shRNA2 (Figure 1D and E). All these data demonstrated
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Figure | LncRNA-ATB silencing inhibited the proliferation of ovarian cells. (A) Ovarian cancer cells were transfected with INcRNA-ATB shRNA| or IncRNA-ATB shRNA2.
Then, satisfactory transfection efficiency was obtained by qRT-PCR. B-actin was used as an internal control. (B) SKOV3 cells were treated with lenti-vector (NC) or IncRNA-
ATB shRNA2 for 0, 24, 48, or 72 hrs. Then, the biological function of INcRNA-ATB on the viability of SKOV3 cells was assessed by CCK-8 assay. (C) A2780 cells were
treated with lenti-vector (NC) or IncRNA-ATB shRNA2 for 0, 24, 48, or 72 hrs. Then, the biological function of IncRNA-ATB on the viability of A2780 cells was assessed by
CCK-8 assay. (D) The proliferation of SKOV3 cells was detected by Ki-67 staining. (E) Ki-67 positive cell rate in each group was measured by integrated optical density

(IOD). **P<0.01 compared with control.
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that IncRNA-ATB silencing significantly inhibited the pro-
liferation of ovarian cancer cells.

miR-204-3p Was the Downstream Target
Gene of IncRNA-ATB

Next, to investigate the potential mechanism by which
IncRNA-ATB silencing inhibited the growth of ovarian
cancer in vitro, TargetScan and miRDB database blast
were performed to search for the downstream target gene
of IncRNA-ATB. As indicated in Figure 2A and B,
IncRNA-ATB had a putative miR-204-3p targeting site.
In addition, Luciferase reporter assay was performed to
determine whether miR-204-3p could directly interact with
IncRNA-ATB in SKOV3 cells. The result indicated that

the co-transfection of the wild-type IncRNA-ATB vector
(WT- IncRNA-ATB) with miR-204-3p mimics, signifi-
cantly reduced luciferase activities compared with mutant
IncRNA-ATB vector (MT- IncRNA-ATB) (Figure 2C).
Similarly, the results of RNA pulldown demonstrated that
ATB bound to miR-204-3p (Figure 2D). All these data
showed that miR-204-3p was the downstream target gene
of IncRNA-ATB.

miR-204-3p Partially Reversed the
Anti-Tumor Effect of IncRNA-ATB Silencing

In order to verify the transfection efficiency, q-PCR was
used. As revealed in Figure 3A, miR-204-3p was down-
regulated in SKOV3 cells in the presence of miR-204-3p

A
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miR-204-3p 3-UGCAGGGAAACGGAAGGGUCG-'5
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Figure 2 MiR-204-3p was the downstream target gene of InNcRNA-ATB. (A, B) Gene structure of IncRNA-ATB at the position of 2125-2130 indicated the predicted target
site of miR-204-3p in its 3'UTR, with a sequence of GGCAAUC. (C) The luciferase activity was measured in SKOV3 cells following co-transfecting with WT/MT IncRNA-
ATB 3'-UTR plasmid and miR-204-3p with the dual-luciferase reporter assay. (D) RNA pulldown was performed to verify the correction between IncRNA-ATB and miR-

204-3p. **P<0.01 compared with control.
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Figure 3 MiR-204-3p inhibitor partially rescued the anti-tumor effect of IncRNA-ATB shRNA in vitro. (A) SKOV3 cells were transfected with lenti-vector (NC) or miR-204-
3p inhibitor for 24 hrs. Then, the gene expression of miR-204-3p in SKOV3 cells was investigated by g-PCR. U6 was used as an internal control. (B) SKOV3 cells were
treated with nothing (Blank), NC, IncRNA-ATB shRNA or IncRNA-ATB shRNA+miR-204-3p inhibitor for 72 hrs. Then, cell viability was detected by CCK-8 assay. (C, D)
Cell apoptosis was detected with Annexin V/PI staining. The rate of apoptotic cells was detected by FACS. X axis: the level of Annexin-V FITC fluorescence; Y axis: the PI
fluorescence. **P<0.01 compared with control. P<0.01 compared with IncRNA-ATB shRNA2.

inhibitor. These data suggested that miR-204-3p was sta-
into SKOV3 the
downregulation of miR-204-3p significantly rescued the

bly transfected cells. Moreover,
anti-proliferative and apoptotic effect of IncRNA-ATB
silencing on ovarian cancer in vitro (Figure 3B-D).
Taken together, MiR-204-3p partially reversed the anti-

tumor effect of IncRNA-ATB silencing.

NID | Was the Direct Target of miR-204-3p

Then, we applied TargetScan and miRDB database blast to
explore the direct target of miR-204-3p. As indicated in
Figure 4A, NID1 might be a potential target of miR-204-
3p. In addition, the luciferase assay data indicated that
reduced luciferase activity was observed in SKOV3 cells
following transfection with WT-NID1 and miR-204-3p
mimics (Figure 4B). These data indicated that NID1 was
the direct target of miR-204-3p. Then, to explore the
relation between IncRNA-ATB and NIDI1, g-PCR and
Western blot were detected. As revealed in Figure 4C-E,
the expression of NID1 in SKOV3 cells was significantly
inhibited in the presence of IncRNA-ATB silencing. These
results revealed that IncRNA-ATB indirectly targeted
NIDI.

LncRNA-ATB Silencing Notably Induced
the Apoptosis of SKOV3 Cells

In order to investigate the role of IncRNA-ATB during the
tumorigenesis of ovarian cancer, flow cytometry was per-
formed. As showed in Figure SA and B, the apoptosis rate
of SKOV3 cells was significantly increased by IncRNA-
ATB knockdown. However, NID1 overexpression partially

reversed the apoptotic effect of IncRNA-ATB silencing on
ovarian cancer cells. Then, western blot was used to detect
the expression of NID1 and apoptosis-related proteins. As
illustrated in Figure 5C and D, the expressions of NID1in
SKOV3 cells were notably decreased by IncRNA-ATB
knockdown, which was partially rescued in the presence
of NIDI overexpression. In contrast, the downregulation
of IncRNA-ATB obviously increased the expression of
pro-apoptosis proteins (Bax2 and Cleaved caspase3).
However, the apoptotic effect of IncRNA-ATB knockdown
on ovarian cancer cells was reversed by the upregulation
of NID1 (Figure 5C, E and F). Besides, the anti-apoptotic
protein (Bcl-2) in ovarian cancer cells was notably inacti-
vated by knockdown of IncRNA-ATB, which was partially
rescued in the presence of NID1 OE (Figure 5C and G).
Taken together, all these results showed that IncRNA-ATB
silencing could induce the apoptosis of ovarian cancer
cells via activating pro-apoptosis proteins.

LncRNA-ATB Knockdown Notably
Inhibited the Invasion of Ovarian Cancer
Cells

Afterwards, transwell assay was performed to detect the
effect of IncRNA-ATB on the invasion of ovarian cancer
cells. As indicated in Figure 6A and B, the invasion cell
number in SKOV3 cells was notably decreased by the
downregulation of IncRNA-ATB, which was partially
reversed by overexpression of NID1. Furthermore, over-
expression of NIDI exhibited a significantly invasive
effect on ovarian cancer cells. Then, the expressions of
EMT-related proteins were detected by Western blot. The
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Figure 4 NIDI was the direct target of miR-204-3p. (A) Gene structure of NID| at the position of 1266—1273 indicated the predicted target site of miR-204-3p in its
3'UTR, with a sequence of GGGCAAG. (B) The luciferase activity was measured in SKOV3 cells following co-transfecting with WT/MT NID| 3'-UTR plasmid and miR-204-
3p with the dual-luciferase reporter assay. (C) The relative expression of NIDI in SKOV3 cells was detected by q-PCR. B-actin was used as an internal control. (D) The
protein expression of NID| was detected by Western blot. B-actin was used as an internal control. (E) The relative expressions of NID| were quantified via normalizing to

B-actin. ¥**P<0.01 compared with control.

results showed that the downregulation of IncRNA-ATB
significantly upregulated the expression of E-cadherin.
However, the promoting effect of IncRNA-ATB silencing
was partially rescued by the upregulation of NIDI. In
addition, NID1 OE alone notably inhibited the expression
of E-cadherin (Figure 6C and D). In contrast, the expres-
sion of vimentin in ovarian cancer cells was obviously
decreased in IncRNA-ATB shRNA2 but upregulated in
NID1 OE group. Moreover, NID1 overexpression par-
tially reversed the effect of IncRNA-ATB silencing on
this protein (Figure 6C and E). Altogether, IncRNA-ATB
knockdown could inhibit the invasion of ovarian cancer
cells.

LncRNA-ATB Silencing Ameliorated the

Severity of Ovarian Cancer in vivo

For the aim to investigate the effect of IncRNA-ATB on
ovarian cancer in vivo, xenograft mice model was established.
As demonstrated in Figure 7A and B, the tumor sizes in mice
were significantly decreased by IncRNA-ATB shRNA2, com-
pared with control. Similarly, IncRNA-ATB knockdown nota-
bly decreased the tumor weights of mice (Figure 7C).
Moreover, the expression of NID1 in tumor tissues of mice
was significantly decreased in the presence of IncRNA-ATB
silencing (Figure 7D and E). Besides, the Ki67 positive rate of
tumor tissues was obviously decreased by knockdown of
IncRNA-ATB (Figure 7F and G). All these data revealed that
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Figure 5 LncRNA-ATB silencing notably induced the apoptosis of SKOV3 cells. (A, B) Cell apoptosis was detected with Annexin V/PI staining. The rate of apoptotic cells
was detected by FACS. X axis: the level of Annexin-V FITC fluorescence; Y axis: the Pl fluorescence. (C) The expression of NID I, Bax, cleaved caspase3 and Bcl-2 in SKOV3
cells was detected by Western blot. B-actin was used as an internal control. (D) The relative expression of NID| was quantified via normalizing to B-actin. (E) The relative
expression of Bax was quantified via normalizing to B-actin. (F) The relative expression of cleaved caspase3 was quantified via normalizing to B-actin. (G) The relative
expression of Bcl-2 was quantified via normalizing to B-actin. **P<0.01 compared with control. “P<0.01 compared with INcRNA-ATB shRNA2.

IncRNA-ATB knockdown obviously ameliorated the symp-
tom of ovarian cancer in vivo.

Downregulation of IncRNA-ATB Notably
Inhibited the Progression of Ovarian

Cancer in vitro

Finally, to verify the function of IncRNA-ATB on the other
ovarian cancer cell line (A2780 cells), Ki-67 staining was
used. As demonstrated in Supplementary Figure 1A and B,
the integrated optical density (IOD) of A2780 cells was
obviously decreased in the presence of IncRNA-ATB
shRNA2. Similarly, knockdown of IncRNA-ATB significantly
induced the apoptosis of A2780 cells, while the apoptotic

effect of IncRNA-ATB silencing was partially reversed by
overexpression of NID1 (Supplementary Figure 1C and D).

Moreover, the invasion of A2780 cells was greatly inhibited
by IncRNA-ATB shRNA2, which was significantly rescued
by NID1 OE (Supplementary Figure 1E and F). In summary,
the downregulation of IncRNA-ATB notably inhibited the
progression of ovarian cancer in vitro.

Discussion
Recent studies have indicated that IncRNAs played a key role
in the progression of ovarian cancer.'®'” In the present

research, we confirmed that the expression of IncRNA-ATB
was significantly upregulated in ovarian cancer cells. Li et al
found that the expression of IncRNA GAS5 was notably
inhibited in ovarian cancer cells.'® This discrepancy might
be due to the different biological function between IncRNAs.
Some reports have indicated that IncRNA-ATB was involved
in multiple malignant tumors. For instance, IncRNA-ATB
could promote the proliferation, migration and invasion of
cervical cancer or glioma.'*' Our current study further
confirmed these results, suggesting that IncRNA-ATB could
act as an oncogene. In addition, our study firstly found that
IncRNA-ATB played a critical role in the tumorigenesis of
ovarian cancer, which supplemented the biological function
of IncRNA-ATB.

Next, to further explore the biological role of IncRNA-
ATB during the development of ovarian cancer, in vitro
experiments were performed. We found that the downregula-
tion of IncRNA-ATB could induce the apoptosis of ovarian
cancer cells. Moreover, IncRNA-ATB silencing significantly
upregulated the expression of Bax and cleaved caspase3 and
inhibited the protein level of Bcl-2. Bax, cleaved caspase3
and Bcl-2 were key regulators of cell apoptosis.’®*' Bax and
cleaved caspase3 have been regarded to be the pro-apoptosis

2,23

protein during the cell apoptosis,”*** while the upregulation
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Figure 6 LncRNA-ATB knockdown notably inhibited the invasion of ovarian cancer cells. (A, B) After 48 hrs of incubation, the invasion of SKOV3 cells was detected by
transwell assay. (C) The expression of E-cadherin and vimentin was detected by Western blot. B-actin was used as an internal control. (D) The relative expression of
E-cadherin was quantified via normalizing to B-actin. (E) The relative expression of vimentin was quantified via normalizing to B-actin. **P<0.01 compared with control.

##P<0.01 compared with IncRNA-ATB shRNA2.

of Bcl-2 could inhibit the apoptosis of cancer cells.® These
data were consistent with our research, indicating that
IncRNA-ATB silencing induced the apoptosis of ovarian
cancer cells via upregulating Bax and cleaved caspase3 and
downregulating Bel-2.

Besides, our findings indicated that IncRNA-ATB knock-
down could notably inhibit the invasion of ovarian cancer
cells. Previous studies have confirmed that epithelial-me-
senchymal transition (EMT) process played a key role during
the invasion of cancer.”*2° Bhatti et al found that E-cadherin
was involved in metastasis of malignant tumors. In addition,
the expression of vimentin was upregulated during the inva-
sion of cancer cells.?” These results were similar to our present
data that IncRNA-ATB knockdown could notably inhibit the
invasion of ovarian cancer through upregulating the expres-
sion of E-cadherin and downregulating the level of vimentin.

Then, we further investigated the mechanism by which
IncRNA-ATB silencing inhibited the progression of ovarian

cancer in vitro and in vivo. The result of Dual-luciferase
reporter assay indicated that miR-204-3p was the downstream
target gene of IncRNA-ATB. MiRNAs are highly conserved
ncRNAs that exert versatile biological functions.***? Zhu et al
indicated that LncRNA-ATB could promote viability, migra-
tion, and angiogenesis in human microvascular endothelial
cells by sponging microRNA-195.° In addition, IncRNA-
ATB could promote the progression of colorectal cancer by
regulating miR-200c/CDK?2 axis.>' These findings were simi-
lar to our previous research, indicating that IncRNA-ATB
promoted the tumorigenesis of ovarian cancer via sponging
miR-204-3p.

It has been confirmed that miRNAs could exert their
function mainly through binding their target genes.**** To
explore the potential mechanism of miR-204-3p in the occur-
rence of ovarian cancer, TargetScan databases were applied
to identify target genes of miR-204-3p. Our finding found
Nidogen 1 (NID1) was a direct target of miR-204-3p, which
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Figure 7 LncRNA-ATB silencing ameliorated the severity of ovarian cancer in vivo. SKOV3 cells were subcutaneously injected into nude mice to establish tumor xenograft
model. LncRNA-ATB shRNA2 or vector control was directly injected into the mice. (A) Tumor volumes of mice were measured weekly. (B) At the end of the study, tumor
tissues of mice were collected and pictured. (C) Tumor weights in each group of mice were calculated. (D) The protein expression of NID1 in tumor tissues of mice was
detected by Western blot. B-actin was used as an internal control. (E) The relative expression of NID | was quantified via normalizing to $-actin. (F) The cell proliferation in
tumor tissues of mice was investigated by Ki-67 staining. (G) The positive rate of Ki-67 staining was calculated. **P<0.01 compared with control.

has been regarded as an EMT regulator during the metastasis
of cancer.** Pedrola et al confirmed that NID1 could act as
a novel target of ETVS transcription factor which was
involved in endometrial cancer invasion.*> MiR-192 has
been regarded to inhibit the growth of cancer cell via target-
ing NID1.*® Our findings were consistent with these results
indicating that IncRNA-ATB could promote the tumorigen-
esis of ovarian cancer via indirectly targeting NID1. Since
PI3K/AKT/mTOR signaling pathway could be considered as
a key regulator for ovarian cancer,’’ we will further investi-
gate the effect of IncRNA-ATB on PI3K/AKT/mTOR signal-
ing in future.

In conclusion, IncRNA-ATB silencing could inhibit the
tumorigenesis of ovarian cancer via regulating miR-204-
3p/NIDI1 axis, which might serve as a potential novel
target for treating ovarian cancer.
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