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Abstract. This study aimed to elucidate the role of long 
non-coding RNA activated by transforming growth factor-β 
(lncRNA-ATB) in ovarian cancer and its underlying mecha-
nisms of action. Expression levels of lncRNA-ATB in ovarian 
cancer cell line SKOV3 and in a healthy human ovarian cell 
line were compared using reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). The results indicated 
that lncRNA‑ATB was expressed at significantly higher levels 
in SKOV3 cells compared with the healthy cell line. After 
downregulation of lncRNA-ATB expression in SKOV3 cells 
using lncRNA-ATB-short hairpin RNA, cell proliferation, 
apoptosis, invasion and migration were assessed using Cell 
counting kit-8, Live Dead staining, Transwell assay and wound 
healing assay, respectively. RT-qPCR and western blotting 
were used to quantify the expression of signal transducer 
and activator of transcription 3 (STAT3), phosphorylated 
(p)-STAT3, and the additional epithelial to mesenchymal 
transition (EMT)-related proteins E-cadherin and vimentin 
in SKOV3 cells. LncRNA‑ATB downregulation significantly 
reduced SKOV3 cell proliferation, invasion and migration, 
promoted apoptosis, decreased the expression of p-STAT3 
and vimentin, and increased E-cadherin expression. Taken 
together, these results suggest that lncRNA-ATB downregula-
tion can inhibit ovarian cancer cell proliferation, invasion and 
migration, and promote cell apoptosis. Lnc-RNA-ATB may 
therefore be a new target for ovarian cancer treatment.

Introduction

Ovarian cancer is one of the most common causes of 
gynecological reproductive system tumors (1). There are 
approximately 299,000 new cases of ovarian cancer and 
152,000 related deaths each year, accounting for the seventh 
highest incidence among female malignant tumors (2). Most 
patients are already at an advanced stage by the time of 
diagnosis, and the 5-year survival rate of advanced ovarian 
cancer is less than 30% (3). Only 15% of patients are diag-
nosed at an early stage (stage 1) with a 5-year survival rate 
of 92% (4). In recent years, much research has focused on 
the development of new potential ovarian cancer targeted 
therapies (5-7).

Long non-coding RNAs (lncRNAs) are a class of RNAs 
with a length of more than 200 nucleotides that lack a mean-
ingful open reading frame (8). LncRNAs participate extensively 
in embryonic development, apoptosis, cell cycle regulation, 
tumor formation and other biological processes (9-12). 
Previous studies have found that lncRNA plays an important 
role in tumor metastasis, and abnormal expression of many 
lncRNAs is directly related to tumor metastasis or recur-
rence (13-15). LncRNA activated by transforming growth 
factor-β (lncRNA-ATB) is part of a family of lncRNAs, which 
can regulate the invasion and metastasis of various tumor 
cells, such as intestinal cancer and liver cancer, by regulating 
cell phenotype switching (16-18). However, there have been no 
reports on the role of lncRNA-ATB in ovarian cancer. This 
study therefore aimed to investigate the role of lncRNA-ATB 
in ovarian cancer cells and to further explore the underlying 
mechanisms of its action.

Materials and methods

Cell culture and treatments. Ovarian cancer cell line SKOV3 
(cat no. ATCC® HTB-77™) was obtained from American Type 
Culture Collection. Non-tumorous human ovarian surface 
epithelial cells (HOSEpiC; cat no. BNCC340096) were 
purchased from the BeNa Culture Collection (Suzhou Bei Na 
Chuanglian Biotechnology Co., Ltd.). SKOV3 and HOSEpiC 
cells were cultured in complete Dulbecco's Modified Eagle 
Medium (DMEM)/nutrient mixture F12 (Gibco, Thermo 
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Fisher Scientific, Inc.) including 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc.) and 1% penicillin‑streptomycin solution 
at 37˚C in a 5% CO2 incubator.

Cell transfection. LncRNA-ATB-shRNA and the nega-
tive control of lncRNA-ATB-shRNA (lncRNA-ATB-NC) 
were purchased from Biomics (Biomics Biotechnologies, 
Co., Ltd.). A total of 1 µg LncRNA-ATB-NC or 1 µg 
lncRNA-ATB-shRNA were transfected into SKOV3 cells 
using Lipofectamine 2000 (Invitrogen, Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
Total RNA was extracted from the cells 48 h after transfec-
tion, and the expression of lncRNA-ATB was detected using 
reverse transcription-quantitative PCR (RT-qPCR) to deter-
mine the transfection efficiency. Cells without any treatment 
Were considered as the control.

CCK‑8 assay. The CCK-8 method was used to determine 
SKOV3 cell proliferative ability. A cell suspension at a 
concentration of 1x104/ml was prepared and 100 µl of this 
suspension was added to each well of a 96-well plate. Cells 
were then cultured for 12, 24 or 48 h, respectively, before 10 µl 
CCK-8 reagent (Sigma-Aldrich; Merck KGaA) was added 
to each well. After 2 h of incubation absorbance at a wave-
length of 450 nm was measured using the FLUOstar® Omega 
Microplate Reader (BMG Labtech GmbH). This experiment 
was repeated three times.

Flow cytometry analysis. SKOV3 cells of different groups 
(control: Cells without any treatment, lncRNA-ATB-NC and 
lncRNA-ATB-shRNA respectively) were harvested using 
0.2% trypsin, washed with phosphate buffered saline (PBS) 
and then fixed with 70% ethanol overnight at 4˚C. The number 
of apoptotic cells was quantified using the AnnexinV‑FITC/PI 
kit (cat no. 70-AP101-100; MultiSciences) according to the 
manufacturer's instructions. Cell apoptosis rate was measured 
using a FACS Calibur flow cytometer (BD Biosciences) and 
the data were analyzed using FlowJo software (version 7.6.1; 
FlowJo LLC). The assay was performed in triplicate.

Transwell assay. A transwell invasion assay was used to 
determine cell invasion ability. Polycarbonate filters (8‑µm 
pore size; Corning Inc.) with Matrigel (BD Biosciences) were 
used in the transwell migration assay. A total of 200 µl DMEM 
(supplemented with 0.1% FBS) containing 1x105 SKOV3 cells 
was added to the upper chamber while 600 µl DMEM supple-
mented with 10% FBS was added to the lower chamber. After 
incubation for 48 h, any SKOV3 cells that had invaded into 
the lower chamber were fixed with 100% methanol at room 
temperature for 20 min, stained with 0.1% crystal violet at 37˚C 
for 20 min, and counted using an upright microscope (magnifi-
cation, x200; five randomly‑selected fields per chamber). Each 
transwell assay was repeated in five independent experiments.

Scratch wound healing assay. SKOV3 cells from 
different treatment groups (control, lncRNA-ATB-NC and 
lncRNA-ATB-shRNA, respectively) were seeded onto six-well 
plates (5x105 cells/well) and cultured until they reached 80-90% 
confluence. Scratch wounds were created in the monolayer of 
confluent SKOV3 cells using a 200 µl pipette tip. The wounded 

cells were then incubated at 37˚C with 5% CO2 for 24 h. Wound 
healing was measured using ImageJ software version 1.46 
(National Institutes of Heath) and images were captured using 
a phase-contrast microscope at two time points, immediately 
after scratching and after 24-h incubation. Data were presented 
as wound width (at 24 h)/wound width (at 0 h) x100%.

RT‑qPCR. Total RNA was isolated from cells using an EASYspin 
Plus tissue/cell RNA extraction kit (Aidlab Biotechnologies, 
Co. Ltd.) according to the manufacturer's instructions. RNA 
was reverse-transcribed into cDNA using a Transcriptor First 
Strand cDNA Synthesis kit (Roche Diagnostics) following 
the manufacturer's instructions. qPCR was performed on a 
LightCycler 480 system (Roche Diagnostics) using Fast SYBR 
Green Master Mix (Roche Diagnostics) as per the manufac-
turer's instructions. The sequences of RT-qPCR primers were 
obtained as required and listed as following: GAPDH forward, 
5'-CTT TGG TAT CGT GGA AGG ACT C-3'; reverse, 5'-GTA 
GAG GCA GGG ATG ATG TTC T-3'; lncRNA- ATB forward, 
5'-TCT GGC TGA GGC TGG TTG AC-3'; reverse, 5'-ATC TCT 
GGG TGC TGG TGA AGG-3'; STAT3 forward, 5'-ACA GCA 
GGA TGG CCA GGT TGC-3'; reverse, 5'-TCT GTC TGG TGG 
CTG CTG CCT-3'; E-Cadherin forward, 5'-AGC CAT GTA CGT 
TGC TAT CC-3'; reverse, 5'-CGT AGC ACA GCT TCT CCT TAA 
T-3'; Vimentin forward, 5'-GCT GCA GGC CCA GAT TCA-3'; 
reverse, 5'-TTC ATA CTG CTG GCG CAC AT-3'. The following 
thermocycling conditions were used for PCR: Initial denatur-
ation at 95˚C for 45 sec, followed by 40 cycles of 95˚C for 
10 sec and 52˚C for 35 sec. The relative expression ratio of 
target genes was calculated using the 2-∆∆Cq method (19).

Western blotting. Cells were washed twice with PBS, then 
lysed in RIPA buffer (cat. no. P0013B; Beyotime Institute of 
Biotechnology). Protein concentration was measured using a 
BCA assay kit (Thermo Fisher Scientific, Inc.). The cell lysates 
(30 µg/lane) were separated on 12% SDS polyacrylamide gels 
and transferred onto PVDF membranes (Bio-Rad Laboratory, 
Inc.). After blocking of non-specific binding with TBS-T 
(0.1% Tween) containing 5% non-fat milk for 1 h at room 
temperature, the membranes were incubated with the primary 
antibodies at 4˚C overnight. Then, the membranes were 
incubated with horseradish peroxidase (HRP)-conjugated 
goat anti-rabbit secondary antibody (cat no. 7074; 1:2,000; 
Cell Signaling Technology, Inc.) for 2 h at room tempera-
ture. Finally, the protein bands were detected using the 
ChemiDOC™ system (Bio-Rad, Hercules, CA) following the 
manufacturer's protocol. The primary antibodies: Anti-STAT3 
(1:1,000; cat no. 12640), anti-p-STAT3 (1:1,000; cat no. 9145), 
anti-E-cadherin (1:1,000; cat no. 3195), anti-vimentin (1:1,000; 
cat no. 5741) and anti-GAPDH (cat no. 5174) were purchased 
from Cell Signaling Technology, Inc. Protein bands were 
analyzed using ImageJ version 1.49 software (National 
Institute of Health).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 5.0 (GraphPad Software, Inc.). The 
tests performed were one-way ANOVA followed by Tukey's 
post-hoc test or a Student's t-test as appropriate. Data are 
presented as the mean ± SD. P<0.05 was considered to indicate 
a statistically significant difference.
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Results

LncRNA‑ATB is highly expressed in ovarian cancer cell 
line SKOV3. Expression levels of lncRNA-ATB in SKOV3 
and HOSEpiC cells were measured using RT-qPCR. The 
results indicated that when compared with HOSEpiC cells, 
lncRNA‑ATB was significantly upregulated in SKOV3 cells 
(Fig. 1A). To further investigate the role of lncRNA-ATB in 
ovarian cancer, lncRNA-ATB-shRNA or lncRNA-ATB-NC 
were transfected into SKOV3 cells. RT-qPCR results revealed 
that compared with the control group, lncRNA-ATB-shRNA 
significantly decreased the expression of lncRNA-ATB in 
SKOV3 cells (Fig. 1B).

LncRNA‑ATB downregulation reduces proliferation and 
induces apoptosis in SKOV3 cells. A CCK-8 assay was used 
to analyze cell proliferation and flow cytometry was used to 
analyze apoptosis. The results revealed that when compared 
with the control group, lncRNA‑ATB‑shRNA significantly 
reduced the proliferative ability of SKOV3 cells at the 24 and 
48 h time points (Fig. 2A) and promoted apoptosis (Fig. 2B).

LncRNA‑ATB downregulation reduces migration and inva‑
sion of SKOV3 cells. To study the effect of lncRNA-ATB 
downregulation on ovarian cancer cell migration and invasion, 
scratch wound healing and transwell assays were performed. 
The results revealed that when compared with the control 
group, lncRNA‑ATB‑shRNA significantly reduced the migra-
tion (Fig. 3A) and invasion ability (Fig. 3B) of SKOV3 cells.

LncRNA‑ATB downregulation significantly reduces the 
phosphorylation of STAT3, increases E‑cadherin expres‑
sion and decreases vimentin expression in SKOV3 cells. The 
effect of lncRNA-ATB downregulation on ovarian cancer cell 
epithelial to mesenchymal transition (EMT) was examined 
through analysis of the expression of EMT-related proteins 
(E-cadherin and vimentin) in SKOV3 cells. Transfection with 
lncRNA-ATB-shRNA significantly increased E-cadherin 

protein and mRNA expression (Fig  4A, B and D), and 
decreased vimentin protein and mRNA expression (Fig. 4A, 
B and E).

Finally, to explore the molecular mechanisms behind 
the role of lncRNA-ATB in ovarian cancer, the STAT3 
pathway was studied via analysis of the phosphorylation of 
STAT3 using western blotting. The results suggested that 
lncRNA‑ATB‑shRNA significantly inhibited the phosphoryla-
tion of STAT3 (Fig. 4A and B), but had no significant effect on 
STAT3 expression (Fig. 4A and C).

Discussion

Ovarian cancer, the most lethal of all gynecological malignancies, 
ranks as the fifth leading cause of cancer deaths in women (1,2). 
The prognosis of ovarian cancer is generally poor due to the 
lack of clear symptoms and effective screening and diagnostic 
methods, especially for identifying early stages of the disease. 
For this reason the identification of better tumor bio‑markers 
to predict the prognosis of ovarian cancer has attracted the 
attention of oncologists (20-25). Increasing evidence suggests 
that lncRNAs play vital roles in tumorigenesis and the invasion 
and metastasis of cancer (26-28). Several studies have evaluated 
the prognostic value of lncRNA-ATB expression in human 
cancer (29,30). These previous studies (26-30) indicated that 
lncRNA-ATB may serve important roles in ovarian cancer. In 
the present study, lncRNA‑ATB was significantly upregulated 
in ovarian cancer cells compared with healthy ovarian cells, 
suggesting the possible involvement of lncRNA-ATB in ovarian 
cancer development. Furthermore, lncRNA-ATB downregula-
tion effectively reduced the proliferative, invasive and migratory 
capabilities of ovarian cancer cells and significantly increased 
apoptosis. These data indicate that lncRNA-ATB may promote 
cell proliferation, invasion and migration, and inhibit cell apop-
tosis in ovarian cancer cells.

The discovery of EMT, as a mechanism that allows cancer 
cells to dedifferentiate and acquire enhanced migratory and 
invasive properties, has had a significant impact on cancer 

Figure 1. Expression of lncRNA-ATB in ovarian cancer cell line SKOV3. (A) RT-qPCR was used to detect the levels of lncRNA-ATB in SKOV3 cells and 
HOSEpiCs. (B) LncRNA-ATB-NC or lncRNA-ATB-shRNA was transfected into SKOV3 cells for 48 h, and the expression of lncRNA-ATB in SKOV3 
cells was detected by RT-qPCR. Data were presented as the mean ± SD. Each experiment was repeated three times. **P<0.01 vs. control group. HOSEpiC, 
human ovarian surface epithelial cell; lncRNA-ATB, long non-coding RNA-activated by transforming growth factor-β; lncRNA-ATB-NC, long non-coding 
RNA-activated by transforming growth factor-β-negative control; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; SKOV3, ovarian 
cancer cell line.
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research (31,32). EMT describes the process whereby epithe-
lial cells undergo multiple biological changes and transform 
into interstitial tissues with strongly invasive characteris-
tics (33,34). Current research indicates that there are three 
types of EMT, EMT associated with embryo implantation, 
EMT associated with tissue fibrosis and remodeling char-
acteristics, and EMT associated with strong carcinogenic 
effects (35). Tumor cells contribute to the formation of fibrosis 
through the EMT process and affect the secretion pattern of 
cytokines to promote tumorigenesis (36). Moreover, in EMT, 
initially inactive polarized epithelial cells dissolve their own 
intercellular junctions to form independent, depolarized and 
active metastatic mesenchymal cells (37,38). For example, 
the expression and function of E-cadherin linked to epithelial 
cells can be lost, while N-cadherin, which induces adhesion 
to mesenchymal cells is induced (39). EMT is an important 
process for cancer cell migration and metastasis and can be 
induced by various transcription factors and signal transduction 

factors (37-39). In the current study, the effect of lncRNA-ATB 
downregulation on ovarian cancer cell EMT was examined 
through assessment of the expression of EMT-related proteins 
(E-cadherin and vimentin) in SKOV3 cells. This study showed 
that lncRNA-ATB downregulation may inhibit ovarian cancer 
cell EMT.

STAT3 enhances various signaling pathways involved 
in the regulation of cell growth, invasion and EMT, and is 
recognized as a key target for cancer treatment (40-42). The 
STAT3 signaling pathway plays an important role in ovarian 
cancer progression (43-45). In order to explore the molecular 
mechanism behind the role of lncRNA-ATB in ovarian cancer, 
the STAT3 pathway was analyzed. lncRNA-ATBA downregu-
lation significantly reduced STAT3 activation, indicating that 
lncRNA-ATB may act on ovarian cancer cells at least partly 
through influencing the STAT3 signaling pathway activation.

In conclusion, this study demonstrated that lncRNA-ATB 
was highly expressed in ovarian cancer cells, and that its 

Figure 2. Effect of lncRNA-ATB downregulation on SKOV3 cell proliferation and apoptosis. LncRNA-ATB-NC or lncRNA-ATB-shRNA was transfected 
into SKOV3 cells for 48 h. (A) Cell counting kit-8 assay was used to detect cell proliferation ability. (B) Flow cytometry was used to detect the apoptosis level. 
Data are presented as the mean ± SD. Each experiment was repeated three times. **P<0.01 vs. control group. LncRNA-ATB, long non-coding RNA-activated by 
transforming growth factor-β; lncRNA-ATB-NC, long non-coding RNA-activated by transforming growth factor-β-negative control; SKOV3, ovarian cancer 
cell line; PI, propidium iodide.
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downregulation effectively inhibited ovarian cancer cell 
proliferation, invasion, and migration and induced cell apop-
tosis. These effects might be mediated by the regulation of the 
STAT3 signaling pathway. Therefore, lncRNA-ATB may be 
a new therapeutic target for the treatment of ovarian cancer. 

However, this study only includes a preliminary analysis. To 
clarify the role of lncRNA-ATB in ovarian cancer, further 
research is needed. The role of lncRNA-ATB in other ovarian 
cancer cell lines and in ovarian cancer in vivo should be 
studied. These issues will be addressed in future studies.

Figure 3. Effects of lncRNA-ATB downregulation on SKOV3 cell invasion and migration. (A) LncRNA-ATB-NC or lncRNA-ATB-shRNA was transfected 
into SKOV3 cells for 48 h, then scratch wound healing assay was used to detect cell migration ability. (B) Transwell assay was used to detect cell invasion 
ability (magnification, x200). Data are presented as the mean ± SD. **P<0.01 vs. control group. lncRNA-ATB, long non-coding RNA-activated by transforming 
growth factor-β; lncRNA-ATB-NC, long non-coding RNA-activated by transforming growth factor-β-negative control; SKOV3, ovarian cancer cell line.

Figure 4. Effect of lncRNA-ATB downregulation on the expression of epithelial to mesenchymal transition-related proteins and the STAT3 pathway activity 
in SKOV3 cells. (A) LncRNA-ATB-NC or lncRNA-ATB-shRNA was transfected into SKOV3 cells for 48 h, then western blotting was used to detect the 
protein level of p‑STAT3, STAT3, E‑cadherin and vimentin in SKOV3 cells. (B) Western blotting results were quantified. RT‑qPCR was used to detect the 
mRNA expression of (C) STAT3, (D) E-cadherin and (E) vimentin in SKOV3 cells. Data are presented as the mean ± SD. Each experiment was repeated 
three times. *P<0.05 and **P<0.01 vs. control group. E-cadherin, epithelial cadherin; lncRNA-ATB, long non-coding RNA-activated by transforming growth 
factor-β; lncRNA-ATB-NC, long non-coding RNA-activated by transforming growth factor-β-negative control; SKOV3, ovarian cancer cell line; STAT-3, 
signal transducer and activator of transcription 3; p-STAT-3, phosphorylated signal transducer and activator of transcription 3.
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