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Abstract. Previous studies have reported that long non‑coding 
RNAs (lncRNAs) have a significant role in the metastasis of 
tumors, including ovarian cancer (OC). The aim of the present 
study was to demonstrate the function and working mechanism 
of lncRNA nuclear enriched abundant transcript 1 (NEAT1) 
in OC. The expressions of NEAT1 in OC were measured 
by reverse transcription‑quantitativePCR (RT‑qPCR). The 
effects of NEAT1 on cell proliferation, invasion, migration 
and epithelial‑mesenchymal transition (EMT) were detected 
by Cell Counting Kit‑8, transwell and wound healing assays, 
and western blotting. Dual‑luciferase reporter assays were 
performed to confirm the correlated between NEAT and 
miR‑1321, miR‑1321 and TJP3. The effect of NEAT1 on 
miR‑1321 and TJP3 was confirmed by RT‑qPCR and western 
blotting. Elevated expression of NEAT1 was observed in OC 
cell lines, and NEAT1 expression was found to be positively 
related to the expression of tight junction protein 3 (TJP3), 
which is important in cancer development. Moreover, the 
present results indicated that NEAT1 and TJP3 expression 
levels were negatively correlated with microRNA (miR)‑1321 
expression in OC. Knockdown of NEAT1 attenuated the 
migration and invasion of OC cells, as well as increased 
miR‑1321 expression and in turn led to the reduction of TJP3. 
Thus, the present study demonstrated that NEAT1 regulates 
TJP3 expression by sponging miR‑1321 and enhances the 

epithelial‑mesenchymal transition, invasion and migration of 
OC cells. Overall, the present study identified the function and 
mechanism of NEAT1 in OC, suggesting that NEAT1 may be 
a promising therapeutic target for OC metastasis.

Introduction

Ovarian cancer (OC) is a major malignant tumor of the female 
reproductive system and has a high mortality rate. A study 
demonstrated that 47% of women diagnosed with ovarian 
cancer survive five years after diagnosis worldwide (1). As the 
early symptoms are not obvious, the disease onset is hidden 
and metastasis occurs earlier, which poses a great threat to 
women's health (2). The invasion and metastasis of OC is a 
multifactor and multistep process that is regulated by multiple 
factors such as lncRNA PTAR  (3), and miR‑320  (4) and 
oncoprotein Rab23  (5). However, currently, the molecular 
mechanisms are not completely elucidated.

Long non‑coding (lnc.) RNAs are non‑coding RNAs with 
specific sequences >200 nucleotides in length, which are 
conserved during mammalian evolution (6,7). Previous studies 
have reported that lncRNAs participate in several biological 
processes, such as proliferation  (8), metabolism  (9) and 
metastasis (10). Moreover, lncRNAs, such as HOTTIP (11), 
DNM3OS (12) and PTAR (3), are suggested to have a vital role 
in the development and progression of OC. LncRNA nuclear 
enriched abundant transcript 1 (NEAT1) has been revealed 
to be dysregulated in various human cancer types, such as 
cervical cancer (13), breast cancer (14) and melanoma (15). 
Inhibition of NEAT1 is known to attenuate the proliferation, 
migration and invasion of melanoma cells (16); for example, 
a study has previously shown that NEAT1 is upregulated in 
papillary thyroid carcinoma tissues and cell lines, and can 
promote proliferation, invasion and migration (17). However, 
the function of NEAT1 in OC is currently unknown.

Epithelial‑mesenchymal transition (EMT) is a unique 
biological process, which refers to the process of trans-
forming polar epithelial cells into mesenchymal cells with 
mobility  (18). From the perspective of molecular biology, 
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EMT mainly involves the downregulated expression of 
epithelial cell markers, E‑cadherin and β‑catenin, and the 
upregulated expression of the interstitial cell markers, fibro-
nectin and Vimentin (19). In recent years, the relationship 
between lncRNA and tumor EMT has been widely reported, 
and numerous lncRNAs have been shown to promote the EMT 
process via different molecular mechanisms in several tumors. 
For instance, lncRNA SNHG5 induces zinc finger E‑box 
binding homeobox 1 expression by competitively inhibiting 
microRNA (miRNA/miR)‑205‑5p, thus promoting the EMT 
process in clear cell renal cell carcinoma (20). Furthermore, 
lncRNA AFAP1‑AS1 promotes the EMT process of liver 
cancer by acting on the oncogenic protein CRKL‑mediated 
Ras/mitogen‑activated protein kinase kinase/c‑Jun and the 
cadherin/vimentin signaling pathway  (21), while lncRNA 
ROR1‑AS1 promotes the EMT process of cervical cancer via 
the Wnt/β‑catenin pathway (22).

The role of miRNA in the progression of carcinogen-
esis has been well characterized  (23,24). Previous studies 
have reported that lncRNAs can regulate the expression 
of miRNAs as competitive endogenous RNAs  (25). For 
example, HOXD‑AS1 was found to inhibit the expression of 
miR‑133a‑3p and subsequently enhance the EMT process of 
OC (26), while lncRNA H19 was determined to be an endog-
enous competitive RNA that inhibits miR‑370‑3p expression 
and further promotes the EMT process (27). However, to the 
best of our knowledge, there are currently no reports as to 
whether NEAT1 affects the biological features of OC cells 
via miRNA.

A study suggested that more than 90% of malignant 
ovarian tumors are of epithelial origin  (28). Tight junc-
tion protein 3 (TJP3), also named ZO‑3, is a scaffolding 
protein  (29) that has a significant role in intercellular 
communication (30) and epithelial differentiation (31). Thus, 
we hypothesized that TJP3 plays a crucial role in OC. In 
fact, the role of TJP3 in tumor progression has been clari-
fied. TJP3 is required for 4‑(furan‑2‑yl)‑2‑(pyridin‑2‑yl)‑5, 
6‑dihydro‑1, 10‑phenanthroline (FPDHP)‑regulated cancer 
therapy (32). In prostate cancer, hepatocyte growth factor 
(HGF) modulates metastasis through TJ proteins including 
TJP3 (33). TJP3 is proposed as a diagnostic tool for lung 
cancer (34) and is associated with poor prognosis in patients 
with breast cancer (35). Moreover, in endometrial cancer, 
TJP3 functions as a molecular marker (36). However, the 
potential role of TJP3 in the progression of OC remains 
unknown.

Previous studies demonstrated lncRNA NEAT1 has an 
important significance on OC (37,38). Bioinformatics analysis 
indicated miR‑1321 is a target of NEAT. It has been reported 
that Cordyceps militaris could reduce the severity of acute 
lung injury in mice via miR‑1321‑ and miR‑3188‑mediated 
C‑X‑C motif chemokine receptor 2 inhibition (39). miR‑1321 
was also revealed to be abnormally expressed in pediatric 
glioma using miRNA microarray analysis (40). Based on the 
aforementioned findings, it was hypothesized that miR‑1321 
has an important role in the process of cancer development. In 
this study, the role of NEAT1 in OC cell invasion and metas-
tasis were well characterized. This study also demonstrated 
the underlying mechanism by which NEAT1 modulates OC 
cell invasion and metastasis.

Materials and methods

Specimens collection. Surgical samples (tumor tissues and 
matched adjacent healthy tissues) were collected from 36 
female patients with ovarian cancer from 05/2018‑02/2019 in 
Department of Gynecology, Yunnan Tumor Hospital & The 
Third Affiliated Hospital of Kunming Medical University. 
The age range age of patients was 25‑65 years old with an 
average age of 42.56±12.12 years old. All specimen diagnoses 
were confirmed by a qualified pathologist after surgery. The 
study was approved by the Research Ethics Committee of 
Kunming Medical University and written informed consent 
was obtained from each patient.

Cell culture. The epithelial normal cell line (IOSE80) and 
four OC cell lines (OVCAR‑3, SKOV3, ES‑2 and A2780) were 
purchased from American Type Culture Collection. 293T cells 
was purchased from Thermo Fisher Scientific, Inc. All the cell 
lines were cultured in DMEM (cat. no. 12100; Beijing Solarbio 
Science & Technology Co., Ltd.) supplemented with 10% FBS 
(cat. no. 11041‑8611; Beijing Solarbio Science & Technology 
Co., Ltd.), 100 µg/ml streptomycin and 100 IU/ml penicillin at 
37˚C in a 5% CO2 chamber.

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Total RNA was isolated from the OC cells using TRIzol® 
reagent (cat. no.  15596026; Invitrogen; Thermo Fisher 
Scientific, Inc.). 0.5 µg total RNA was reverse transcribed to 
cDNA via PrimeScript™ RT Master Mix (cat. no. RR036A; 
Takara Bio, Inc.). The cDNA was diluted 1:10. The reaction 
conditions were as follows: 6 cycles of 15 min at 37˚C, 85˚C for 
5 sec. The detection of NEAT1 expression was achieved using 
SYBR® Premix Ex Taq™ II kit (cat. no. RR820A; Takara Bio, 
Inc.) with the LightCycler® 96 instrument (Roche Diagnostics). 
GAPDH was used as an internal control to standardize the 
results. The reaction conditions were as follows: 95˚C for 
30 sec; 40 cycles of 5 sec at 95˚C, 30 sec at 60˚C and 15 sec at 
65˚C, and 10 min at 72˚C. The sequences of the specific primers 
are as follows: lncRNA NEAT1 forward, 5'‑TCG​GGT​ATG​
CTG​TTG​TGA​AA‑3' and reverse, 5'‑TGA​CGT​AAC​AGA​ATT​
AGT​TCT​TAC​CA‑3'; and GAPDH forward, 5'‑GGT​CTC​CTC​
TGA​CTT​CAA​CA‑3' and reverse, 5'‑GTG​AGG​GTC​TCT​CTC​
TTC​CT‑3'. miR‑1321 forward, 5'‑GCG​GCG​GCA​GGG​AGG​
TGA​ATG​TG‑3' and reverse, 5'‑ ATC​CAG​TGC​AGG​GTC​CGA​
GG‑3'; U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and 
reverse, 5'‑GCA​GGG​TCC​GAG​GTA​TTC​‑3'. The PureLink™ 
miRNA Isolation kit (cat. no. K157001; Invitrogen; Thermo 
Fisher Scientific, Inc.) was used for miR‑1321 acquisition, and 
the quantification of miRNA expression was performed with 
a TaqMan MicroRNA Assay kit (cat. no. 4366593; Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The expression 
was measured using the 2‑ΔΔCq method (41).

Western blotting. OC cell lysates were harvested using 
RIPA lysis buffer (cat. no. R0010; Beijing Solarbio Science 
& Technology Co., Ltd.). The protein concentrations were 
determined using a bicinchoninic acid kit (cat. no. P0012, 
Beyotime Institute of Biotechnology) and 20 µg proteins 
were loaded in to each well. Proteins were separated using 
10% SDS‑PAGE and transferred to PVDF membranes 
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(cat. no. IPVH00010; Merck KGaA). The membranes were 
blocked with 10% milk at room temperature for 1 h. Cells were 
blotted with specific primary antibodies against E‑cadherin 
(1:3,000; cat. no. ab15148; Abcam), N‑cadherin (1:3,000; cat. 
no. ab18203; Abcam), vimentin (1:3,000; cat. no. ab11256; 
Abcam), TJP3 (1:2,000; cat. no.  710857; Thermo Fisher 
Scientific, Inc.) or GAPDH (1:3,000; cat. no. ab9485; Abcam) 
at 4˚C overnight and then incubated with a horseradish 
peroxide‑conjugated goat anti‑rabbit IgG H&L secondary 
antibody (1:10,000; cat. no. ab205718; Abcam) for 1 h at 
room temperature. The signal of proteins was visualized 
using ECL detection reagent (cat. no. 36208ES60, Shanghai 
Yeasen Biotechnology Co., Ltd.) with a Tanon‑5200 imaging 
system (Tanon Science & Technology Co., Ltd.). ImageJ 
1.8.0 software (National Institutes of Health) was used to 
quantify the western blots.

Cell transfection. The small interfering (si)RNA, specifically 
targeting the lncRNA NEAT1 (si‑NEAT1; sense: 5'‑AGU​UUA​
GCG​CCA​AAC​CUA​GAG​‑3'; antisense: 5'‑CUA​GGU​UUG​
GCG​CUA​AAC​UCU​‑3'), and TJP3 (si‑TJP3; sense: 5'‑AAU​
UAG​CUG​GGC​AUA​GUG​GUG​‑3'; antisense: 5'‑CCA​CUA​
UGC​CCA​GCU​AAU​UUU​‑3') were obtained from RiboBio. 
miR‑1321 mimics and the pcDNA‑TJP3 overexpression 
plasmid (OE‑TJP3) were constructed by Cytiva. Cells were 
plated on 6‑well plates (2x105 cells/well). Plasmids (2 µg) 
and siRNAs (1.5  µg) were diluted in 50  µl medium with 
1 µl Lipofectamine® 2000 (cat. no. 11668‑027; Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The mixture was added to the wells after 15 min. 
Cells were co‑cultured with the plasmid and/or siRNA and 
Lipofectamine® 2000 mixture for 24 h in a humidified 5% CO2 
incubator at 37˚C and then replaced with complete medium 
containing 10% FBS.

Cell proliferation assays. Transfected cells and their 
corresponding controls were cultured in 96‑well plates 
(2x103  cells/well). Proliferation was assessed using the 
Cell Counting Kit‑8 assay (CCK‑8; Beyotime Institute of 
Biotechnology) at 0, 24, 48, 72 and 96 h according to the 
manufacturer's protocol. The absorbance at 450  nm was 
detected with a microplate reader (Bio‑Rad Laboratories Inc.).

Transwell assays. Transwell assays were performed 
using Millipore Transwell chambers (8‑µm pore size; 
cat. no. MCEP06H48; EMD Millipore). Transfected ES‑2 
and A2780 cells (2x104  cells/well) were seeded in the 
upper chambers of a 12‑well plate (Corning, Inc.) in 500 µl 
serum‑free medium with 500 µl complete medium added 
to the bottom chamber. The chamber was incubated for 
24 h in a humidified 5% CO2 incubator at 37˚C. At the end 
of incubation, cotton‑tipped swabs were used to remove the 
non‑migratory and non‑invading cells. For invasion assays, 
the upper chamber was precoated with Matrigel (EMD 
Millipore) for 30 min at 37˚C. Then, the remaining cells were 
fixed with formaldehyde and stained using 0.1% crystal violet 
at 37˚C for 1 h. The images were captured using an Olympus 
CKX31 inverted microscope (Olympus Corporation) at 
x100 magnification and quantified by ImageJ 1.8.0 software 
(National Institutes of Health).

Wound‑healing assays. Transfected ES‑2 and A2780 cells 
and their corresponding controls (cell density of 3x105/ml) 
were cultured in 6‑well plates (Sigma‑Aldrich; Merck KGaA) 
in DMEM supplemented with 10% FBS, overnight to form a 
confluent monolayer. The 500 µm scratch was performed on 
this monolayer with a 1‑ml pipette tip under sterile conditions 
and then the cells were washed twice with serum‑free culture 
media. The cells were allowed to migrate freely across the 
scratch. Images were captured with a digital camera (Canon, 
Inc.) after 24 h. Marks were made at the bottom of the dish to 
ensure that all images were captured at the same site. The area 
within the scratch occupied by cells was taken at 0 and 24 h 
under an inverted microscope (Olympus) at x100 magnification 
and calculated with ImageJ 1.8.0 software (National Institutes 
of Health). The percentage of gap closure was used as an indi-
cator of cell migration.

Dual‑luciferase reporter assays. The bioinformatics prediction 
website starBase (http://starbase.sysu.edu.cn) (42,43) was used 
to predict the complementary binding sites between NEAT1 
or TJP3 and miR‑1321. A fragment of the wild‑type (WT) 
and mutated (MUT) 3'‑untranslated region (UTR) NEAT1 or 
TJP3 containing the predicted miR‑1321 targeting regions was 
amplified (Guangzhou FulenGen Co. Ltd.) and cloned into 
the pGL3‑reporter luciferase reporter vector (Sigma‑Aldrich; 
Merck KGaA) at Kpn I and Hind III restriction sites or Hind III 
and Xho I restriction sites by PCR. The PCR thermocycling 
protocol was as follows: 98˚C for 3 min; 30 cycles of 30 sec at 
98˚C, 30 sec at 57˚C and 3 min at 72˚C; 10 min at 72˚C. The 
PCR sequences were as follows: NEAT1 forward, 5'‑TCG​ACA​
CCC​CTT​CTT​CCT​CCC​TT‑3' and reverse, 3'‑AGC​TAA​GGG​
AGG​AAG​AAG​GGG​TG‑5', TJP3 forward, 5'‑TCG​ACC​CAC​
AAC​CTT​ACC​TCC​CTC​‑3' and reverse, 3'‑AGC​TGA​GGG​
AGG​TAA​GGT​TGT​GGG​‑5'.

293T cells (Thermo Fisher Scientific, Inc.) were 
co‑transfected with either 20  nM TJP3‑3'UTR‑wt or 
TJP3‑3'UTR‑mut with miR‑1321 mimic or negative control 
(NC) mimics using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) and incubated at 37˚C in 
a 5% CO2 chamber for 48 h. the luciferase activity of the 
harvested cells was measured by Dual‑Luciferase Assay 
reagent (Promega Corporation) according to the manufac-
turer's protocol. Renilla luciferase was normalized to firefly 
luciferase activity.

Statistical analysis. Data are presented as the mean ± standard 
deviation of ≥3 independent repeats. Unpaired Student's t‑test 
was used to analyze the differences between the two groups. 
One‑way ANOVA with Tukey's post hoc test was used to 
analyze the differences between multiple groups. A Pearson 
correlation coefficient test was used to detect the relationship 
between lncRNA NEAT1, miR‑1321 and TJP3. P<0.05 was 
considered to indicate a statistically significant difference.

Results

lncRNA NEAT1 expression and function in OC. NEAT1 
expression in normal epithelial cells (IOSE80) and four 
OC cell lines (SKOV3, OVCAR‑3, ES‑2 and A2780) was 
measured by RT‑qPCR. NEAT1 was highly expressed in OC 
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cells, especially in ES‑2 and A2780 cells (P<0.05; Fig. 1A). 
Therefore, ES‑2 and A2780 were selected for the subsequent 
experiments.

The function of NEAT1 in OC cells was subsequently 
analyzed via NEAT1 knockdown in ES‑2 and A2780 cells. 
NEAT1 expression was successfully depleted in ES‑2 and 
A2780 cells transfected with si‑NEAT1 compared with the 
NC group (P<0.05; Fig. 1B). CCK‑8 results demonstrated that 
cell proliferation was decreased following downregulation of 
NEAT1 (P<0.05; Fig. 1C). Moreover, it was found that NEAT1 
knockdown led to the upregulation of the E‑cadherin protein 
and downregulation of N‑cadherin and vimentin expression 
levels (P<0.05; Fig. 1D), which in turn, suggested that NEAT1 
inhibition attenuated cell metastasis. Transwell assays and 
wound‑healing assays also indicated that NEAT1 knockdown 
significantly reduced the migratory and invasive abilities of 
OC cells (P<0.05; Fig. 1E and F). These results demonstrated 
that NEAT1 may serve a regulatory role in cell EMT, as well 
as the migratory and invasive potential of OC.

Interrelation of lncRNA NEAT1, miR‑1321 and TJP3. The 
present study found that NEAT1 and miR‑1321 had comple-
mentary base sequences using the bioinformatics prediction 
website starBase (Fig. 2A). miR‑1321 has been shown to be 
related to cancer genesis (40), but the function of miR‑1321 
in cancer remains unknown. To assess the relationship 
between NEAT1 and miR‑1321, a dual‑luciferase reporter 
assay was performed after the transfection efficiency of 
the miR‑1321 mimics was verified (P<0.05; Fig. 2B). It was 
demonstrated that luciferase activity was decreased in 293T 
cells co‑transfected with NEAT1 WT and miR‑1321 mimics 
(P<0.05; Fig.  2C), while there was no change in NEAT1 
MUT. The target genes of miR‑1321 were also investigated 
using starBase (Fig. 2D), and TJP3 was found to be a target 
gene of miR‑1321. Furthermore, the results indicated that 
transfection with miR‑1321 mimics decreased the luciferase 
activity of TJP3 WT (P<0.05; Fig. 2E) but did not influence 
the luciferase activity of TJP3 MUT.

RT‑qPCR results demonstrated that miR‑1321 expression 
was downregulated in ES‑2 and A2780 cells (P<0.05; Fig. 2F). 
Then, the relationship between lncRNA NEAT1, miR‑1321 
and TJP3 was analyzed. The results identified that miR‑1321 
expression was upregulated in ES‑2 and A2780 cells following 
knockdown of NEAT1 (P<0.01; Fig. 2G). Furthermore, trans-
fection with an miR‑1321 mimic led to the downregulation 
of TJP3 protein expression in ES‑2 and A2780 cells (P<0.01; 
Fig. 2H).

Pearson's correlation analysis was conducted to assess 
the relationship between NEAT1, miR‑1321 and TJP3 in OC 
specimens. The results demonstrated a weak negative correla-
tion between miR‑1321 and NEAT1 expression levels, as well 
as between miR‑1321 and TJP3 (Fig. 2I and J), and a weak 
positive correlation between NEAT1 and TJP3 (Fig. 2K). The 
aforementioned findings indicated that NEAT1 regulated 
TJP3 expression by sponging miR‑1321.

TJP3 expression and function in OC. To determine the role 
of TJP3 in OC, the expression of TJP3 was first detected in 
normal epithelial cells (IOSE80) and OC cells (ES‑2 and 
A2780). The protein expression of TJP3 was enhanced in 

ES‑2 and A2780 cells compared with IOSE80 cells (P<0.05; 
Fig. 3A). Then, ES‑2 and A2780 cells were transfected with 
si‑TJP3. The results demonstrated that, compared with the NC 
group, the protein expression of TJP3 was decreased following 
si‑TJP3 transfection in ES‑2 and A2780 cells (P<0.05; 
Fig. 3B). In addition, TJP3 knockdown led to a reduction in 
the cell proliferation compared with the NC (P<0.05; Fig. 3C). 
The protein expression of the EMT marker E‑cadherin was 
increased after knockdown of TJP3, but the protein expression 
levels of N‑cadherin and vimentin were decreased in both ES‑2 
and A2780 cells (P<0.05; Fig. 3D). In addition, Transwell and 
wound‑healing assays indicated that the migratory and inva-
sive abilities of ES‑2 and A2780 cells were reduced following 
the knockdown of TJP3 (P<0.05; Fig. 3E and F). These find-
ings suggested that TJP3 regulated the EMT, migratory and 
invasive potential of OC cells.

lncRNA NEAT1 promotes cell EMT, migration and invasion 
of OC by regulating TJP3. To further investigate whether 
NEAT1‑induced EMT in OC cells was mediated by TJP3, 
ES‑2 and A2780 cells were transfected with si‑NEAT1 and/or 
OE‑TJP3. NEAT1 was downregulated in ES‑2 and A2780 
cells using si‑NEAT1 transfection, and TJP3 was found to be 
overexpressed following treatment with OE‑TJP3 (P<0.05; 
Figs. 4A and S1).

Western blotting was used to measure the effect of NEAT1 
on TJP3 expression. The results identified that protein expres-
sion of TJP3 was significantly decreased by knocking down 
NEAT1 in ES‑2 and A2780 cells; however, the inhibitory 
effect was alleviated by overexpression of TJP3 (P<0.05; 
Fig. 4B). Cell proliferative abilities were also decreased by 
NEAT1 knockdown, but TJP3 overexpression partly rescued 
the proliferative abilities of ES‑2 and A2780 cells (P<0.05; 
Fig. 4C). The protein expression of E‑cadherin was enhanced 
by si‑NEAT1 transfection, while the protein expression levels 
of N‑cadherin and vimentin were decreased (P<0.05; Fig. 4D). 
However, these EMT‑related protein expression levels in the 
si‑NEAT1 + OE‑TJP3 group were the same as those in the 
NC group (P>0.05; Fig. 4D), which indicated that NEAT1 
was acting independently from TJP3 in the regulation of 
these EMT‑related proteins. Compared with the NC group, 
si‑NEAT1 transfection resulted in reduced cell migratory and 
invasive abilities according to the Transwell and wound‑healing 
assay results. However, cell migratory and invasive abilities 
were significantly rescued by si‑NEAT1 + OE‑TJP3 (P<0.05; 
Fig. 4E and F). Therefore, the results suggested that NEAT1 
promoted EMT, migration and invasion of OC cells by regu-
lating TJP3, but also potentially via regulating proteins that 
are involved in cell migration and invasion, which were not 
included in the present study.

Discussion

The present study demonstrated that NEAT1 was highly 
expressed in OC cells and knockdown of NEAT1 attenu-
ated their migratory and invasive abilities. Moreover, the 
present study provided evidence that NEAT1 sponges 
miR‑1321 to enhance TJP3 protein expression, thus promoting 
tumor invasion and migration. The significance of the 
NEAT1/miR‑1321/TJP3 axis in the pathogenesis of OC was 
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Figure 1. NEAT1 expression and function in OC. (A) NEAT1 expression in normal epithelial cells (IOSE80) and OC cells (SKOV3, OVCAR‑3, ES‑2 and 
A2780) and (B) transfection efficiency of si‑NEAT1 in ES‑2 and A2780 cells were detected using reverse transcription‑quantitative PCR. (C) Proliferative 
abilities of ES‑2 and A2780 cells were measured using Cell Counting Kit‑8 assays. (D) E‑cadherin, N‑cadherin and Vimentin protein expression level in ES‑2 
and A2780 cells were assessed using western blotting. (E) Migration and invasive abilities of ES‑2 and A2780 cells were measured using Transwell assays. 
Scale bar, 100 µm. (F) Migration abilities of ES‑2 and A2780 cells were measured using wound‑healing assays. Scale bar, 100 µm. All data are representative 
of ≥3 independent experiments. Data are presented as the mean ± SD. *P<0.05 vs. control group; **P<0.01 vs. control group; ***P<0.001 vs. control group, as 
determined by Student's t‑tests or ANOVA followed by a Tukey's post hos test. OC, ovarian cancer; NEAT1, nuclear enriched abundant transcript1; si, small 
interfering RNA; NC, negative control; OD, optical density.
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also identified, which suggested the potential role of NEAT1 
in OC diagnosis and treatment.

Previous studies have reported the involvement of lncRNAs 
in the occurrence and development of a variety of cancer 
types, including OC (10‑12). A recent study found that knock-
down of NEAT1 suppressed cell proliferation, migration and 
invasion of melanoma cells (15). In colorectal cancer, NEAT1 
has been shown to activate Wnt/β‑catenin and promote cancer 
progression  (44). Additionally, NEAT1 has been revealed 
to be responsible for tumor chemoresistance  (45,46). The 
present results identified that NEAT1 was also significantly 

upregulated in OC. In addition, it was found that knockdown 
of NEAT1 led to the inhibition of migration and invasion in 
OC cells.

EMT is a unique biological process that promotes the 
metastasis of breast cancer  (47), bladder cancer  (48) and 
OC (49). It was reported that forced upregulation of NEAT1 
could induce metastasis in hepatocellular cancer types via 
EMT (50), while another study has shown that NEAT1 affected 
the migratory and invasive abilities of gastric cancer cells via 
EMT (51). Consistent with previous studies, the present results 
demonstrated that knockdown of NEAT1 had an impact on 

Figure 2. Interrelation of NEAT1, miR‑1321 and TJP3. (A) StarBase website predicted the complementary binding sites between NEAT1 and miR‑1321. 
(B) Transfection efficiency of miR‑1321 mimics was detected using RT‑qPCR. (C) Targeting relationship of NEAT1 and miR‑1321 was identified using 
dual‑luciferase reporter gene assays. (D) StarBase website predicted the complementary binding site between miR‑1321 and TJP3. (E) Targeting relation-
ship of miR‑1321 and TJP3 was identified using dual‑luciferase reporter gene assays. (F) Expression of miR‑1321 in ES‑2 and A2780 cells was measured 
using RT‑qPCR. (G) Effect of NEAT1 on miR‑1321 expression was determined using RT‑qPCR. (H) Effect of miR‑1321 on expression of TJP3 protein was 
measured using western blotting. Correlations of (I) lncRNA NEAT1 and miR‑1321, (J) miR‑1321 and TJP3, and (K) lncRNA NEAT1 and TJP3 on ovarian 
cancer specimens were investigated using a Pearson Correlation Coefficient. Data are representative of ≥3 independent experiments. Data are presented as the 
mean ± SD. *P<0.05 vs. control group; **P<0.01 vs. control group as determined by Student's t‑tests or ANOVA followed by a Tukey's post hos test. NEAT1, 
nuclear enriched abundant transcript1; TJP3, tight junction protein 3; miR, microRNA; NC, negative control; RT‑qPCR, reverse transcription‑quantitative 
PCR; lncRNA, long non‑coding RNA; NC, negative control; WT, wild‑type; MUT, mutant; si, small interfering RNA.
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Figure 3. TJP3 expression and function in OC. (A) TJP3 protein expression level in normal epithelial cells (IOSE80) and OC cells (SKOV3, OVCAR‑3, ES‑2 
and A2780) were measured using western blotting. (B) Transfection efficiency of si‑TJP3 in ES‑2 and A2780 cells were detected using western blotting. 
(C) Proliferative abilities of ES‑2 and A2780 cells were measured using Cell Counting Kit‑8 assays. (D) E‑cadherin, N‑cadherin and Vimentin protein expres-
sion levels in ES‑2 and A2780 cells were assessed using western blotting. (E) Migratory and invasive abilities of ES‑2 and A2780 cells were measured using 
Transwell assays. Scale bar, 100 µm. (F) Migratory abilities of ES‑2 and A2780 cells were measured using a wound‑healing assay. Scale bar, 100 µm. All data 
are representative of ≥3 independent experiments. Data are presented as the mean ± SD. *P<0.05 vs. control group; **P<0.01 vs. control group as determined 
by Student's t‑tests or ANOVA followed by a Tukey's post hos test. TJP3, tight junction protein 3; si, small interfering RNA; NC, negative control; OC, ovarian 
cancer.
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Figure 4. NEAT1 promotes cell epithelial‑mesenchymal transition, migration and invasion of ovarian cancer by regulating TJP3. (A) Transfection efficiency of 
si‑NEAT1 in ES‑2 and A2780 cells were detected using reverse transcription‑quantitative PCR. (B) Effect of NEAT1 on TJP3 protein expression was measured 
using western blotting. (C) Proliferative abilities of ES‑2 and A2780 cells were measured using Cell Counting Kit‑8 assays. (D) E‑cadherin, N‑cadherin and 
Vimentin protein expression levels in ES‑2 and A2780 cells were assessed using western blotting. (E) Migratory and invasive abilities of ES‑2 and A2780 
cells were measured using Transwell assays. Scale bar, 100 µm. (F) Migratory abilities of ES‑2 and A2780 cells were measured using a wound‑healing assay. 
Scale bar, 100 µm. All data are representative of ≥3 independent experiments. Data are presented as the mean ± SD. *P<0.05 vs. NC group; **P<0.01 vs. NC 
group; #P<0.05 vs. si‑NEAT1 treatment group; ##P<0.01 vs. si‑NEAT1 treatment group; ###P<0.001 vs. si‑NEAT1 treatment group as determined by Student's 
t‑test or ANOVA followed by a Tukey's post hos test. TJP3, tight junction protein 3; NEAT1, nuclear enriched abundant transcript1; si, small interfering RNA; 
OE, overexpressed. 
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EMT‑associated proteins, including E‑cadherin, vimentin and 
N‑cadherin, which indicated that NEAT1 regulates OC cell 
invasion and migration via EMT.

lncRNAs have been reported to sponge miRNAs via a 
competitive endogenous mechanism, thus antagonizing the 
function of miRNAs  (52). NEAT1 upregulates Homeobox 
A13 by targeting miR‑34a‑5p and regulates the development 
of osteosarcoma (53). NEAT1 also promotes cervical cancer 
cell proliferation by sponging miR‑9‑5p  (13). Thus, it was 
hypothesized that NEAT1 may act as a competitive endog-
enous RNA and interact with miRNAs in OC. Bioinformatic 
analysis and luciferase analysis were performed to screen 
miRNAs that directly bind to NEAT1 transcripts. NEAT1 was 
found to directly bind to miR‑1321 and there was a mutual 
inhibitory effect between NEAT1 and miR‑1321 in OC cells. 
Collectively, these data indicated that NEAT1 affects the 
biological characteristics of OC cells by regulating miR‑1321 
function.

Normal epithelial cells act as sentries in most living 
systems, providing a protective barrier to various organs and 
the surrounding environment, helping to maintain homeo-
stasis (54). The intercellular connections of this protective 
barrier are divided into TJs, adhesion junctions and desmosome 
junctions. Among them, TJs are mainly composed of occludin, 
claudins and junction adhesion molecules (55). The constituent 
proteins of TJs participate in the modulation of intercellular 
communication and paracellular transport (56). Among them, 
TJPs, such as TJP1, 2 and 3, are framework‑forming proteins 
that connect transmembrane proteins and the actin cytoskel-
eton (57). Downregulation of TJPs have been reported to be 
related to tumor development, such as a decrease in TJP3 
expression leading to an increased capacity for migration 
of pancreatic cancer cells (58). A study indicated that TJP3 
mRNA is upregulated in endometrial carcinoma (36). To the 
best of our knowledge, the present study was the first to iden-
tify that TJP3 was a direct target of miR‑1321. Considering the 
interaction of NEAT1 and miR‑1321, it was hypothesized that 
NEAT1 could regulate TJP3 expression in OC. As expected, 
the present results demonstrated that TJP3 expression was 
positively correlated with NEAT1 in OC cells. It was also found 
that TJP3 attenuated the influence of NEAT1 knockdown on 
OC cells. These results suggested that NEAT1 regulated TJP3 
expression by interacting with miR‑1321. However, in the 
current research, NEAT1 overexpression experiments were 
not performed to confirm the regulatory relationship between 
NEAT1 and TJP3. Therefore, further studies will be conducted 
to further confirm the regulation between NEAT1 and TJP3.

In conclusion, the present data suggested that NEAT1 
was upregulated in OC. Thus, the current study has provided 
evidence that NEAT1 promotes OC cell invasion and metas-
tasis by downregulating miR‑1321 and activating TJP3 
function. Therefore, the NEAT1/miR‑1321/TJP3 axis may 
represent a new prognostic biomarker and therapeutic target 
in OC.
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