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Background: Long noncoding RNAs play essential roles in regulating drug resistance in 
cancers. However, how and whether lncRNA nuclear paraspeckle assembly transcript 1 
(NEAT1) could mediate cisplatin resistance in ovarian cancer remain poorly understood.
Patients and Methods: Eighteen cisplatin-sensitive and 19 cisplatin-resistant patients with 
ovarian cancer were recruited. Cisplatin-resistant ovarian cancer cells were used for this 
study. The expression levels of NEAT1, microRNA (miR)-770-5p and poly adenosine 
diphosphate-ribose polymerase 1 (PARP1) were detected by quantitative real-time polymer-
ase chain reaction or Western blot. Cisplatin resistance was assessed by the half-maximal 
inhibitory concentration (IC50) of cisplatin, cell viability and apoptosis using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide, flow cytometry and Western 
blot, respectively. The target association between miR-770-5p and NEAT1 or PARP1 was 
investigated by dual-luciferase reporter assay. The xenograft model was used to investigate 
cisplatin resistance in vivo.
Results: NEAT1 expression is elevated in cisplatin-resistant ovarian cancer tissues and cells. 
Knockdown of NEAT1 repressed cisplatin resistance by decreasing the IC50 of cisplatin, cell 
viability and increasing apoptosis. MiR-770-5p was bound to NEAT1 and PARP1 was confirmed 
as a target of miR-770-5p. MiR-770-5p inhibition or PARP1 restoration could abate the effect of 
NEAT1 silencing on cisplatin resistance in cisplatin-resistant ovarian cancer cells. Moreover, 
NEAT1 knockdown reduced PARP1 expression by increasing miR-770-5p. Interference of 
NEAT1 decreased xenograft tumor growth by regulating miR-770-5p and PARP1.
Conclusion: Knockdown of NEAT1 inhibited cisplatin resistance in ovarian cancer cells by 
up-regulating miR-770-5p and down-regulating PARP1, providing a new target for improv-
ing the efficacy of cisplatin-based therapy in ovarian cancer.
Keywords: ovarian cancer, cisplatin resistance, NEAT1, miR-770-5p, PARP1

Introduction
Ovarian cancer is a common malignancy with high mortality and incidence for 
women worldwide.1 In the last decades, much progress has been gained on the 
treatment of ovarian cancer.2 Cisplatin-based therapy is one first-line treatment for 
patients, and the drug resistance has become a big challenge for the treatment of 
ovarian cancer.3 Hence, it is needed to find a new target for improving the 
chemotherapy effect in patients with ovarian cancer.

Long noncoding RNAs (lncRNAs) with more than 200 nucleotides in length have 
been reported to be abnormally expressed in ovarian cancer.4 Moreover, lncRNAs could 
participate in the regulation of multiple processes and act as promising therapeutic 
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targets for ovarian cancer.5 Importantly, emerging evidence 
highlights the role of lncRNA in regulating cisplatin resis-
tance in human cancers.6 Nuclear paraspeckle assembly tran-
script 1 (NEAT1) as a carcinogenic lncRNA has been 
demonstrated to promote the development of ovarian 
cancer.7–10 Additionally, it has been documented that 
NEAT1 contributes to cisplatin resistance in nasopharyngeal 
carcinoma, osteosarcoma and lung cancer.11–13 Furthermore, 
previous study displays that NEAT1 facilitates paclitaxel 
resistance in ovarian cancer.14 Nevertheless, the role and 
mechanism of NEAT1 in cisplatin resistance in ovarian cancer 
remain poorly understood.

MicroRNAs (miRNAs) are small noncoding RNAs with 
19–25 nucleotides, which are also involved in the regulation 
of cisplatin-based therapeutic effect.15 miR-770-5p could 
decrease drug resistance in human cancers, including ovarian 
cancer.16,17 Poly adenosine diphosphate-ribose polymerase 1 
(PARP1) is a crucial target of miR-7-5p, which is involved in 
DNA repair and contributes to chemoresistance.18,19 

Moreover, previous studies suggest that PARP1 contributes 
to the development and cisplatin resistance in ovarian 
cancer,20,21 and miR-216b could promote cisplatin sensitiv-
ity in ovarian cancer via decreasing PARP1.22 However, 
there is no evidence supporting the interaction between 
NEAT1 and miR-770-5p or PARP1 at the moment.

It is documented that the competing endogenous RNA 
(ceRNA) network is one of the regulatory mechanisms 
mediated by lncRNA in multiple cancers by sponging 
miRNA to target mRNA.23 Interestingly, starBase online 
predicted there were the same complementary sites of 
miR-770-5p between NEAT1 and PARP1, indicating the 
potential ceRNA network of NEAT1/miR-770-5p/PARP1. 
This research detected the expression level of NEAT1 in 
cisplatin-resistant ovarian cancer tissues and cell lines. 
Furthermore, this study assessed the effect of NEAT1 on 
cisplatin resistance in vitro and in vivo through detecting 
the half-maximal inhibitory concentration (IC50) of cis-
platin, cell viability, apoptosis and xenograft tumor 
growth. In addition, this study explored whether the 
mechanism was associated with miR-770-5p and PARP1.

Patients and Methods
Patients and Tissue Collection
Eighteen cisplatin-sensitive and 19 cisplatin-resistant ovarian 
cancer patients were recruited from Jilin Medical College 
Affiliated Hospital. The clinical feature of patients is shown 
in Table 1. The tumor tissues and corresponding para-tumor 

tissues (2 cm away from tumor) were collected and stored at 
−80°C. Ovarian cancer tissues and corresponding para-tumor 
tissues were confirmed histologically and pathologically. All 
patients involved in this study have provided the informed 
consents, and this research was approved via the Ethics 
Committee of Jilin Medical College Affiliated Hospital.

Cell Culture
Human ovarian surface epithelial cell line HOSEpiC, ovar-
ian cancer cell lines (A2780 and SKOV3) and the cispla-
tin-resistant cell lines (A2780/DDP and SKOV3/DDP) 
were purchased from Fenghui Biotechnology (Changsha, 
China). All cells were maintained in RPMI-1640 medium 
(Solarbio, Beijing, China) containing 10% fetal bovine 
serum (Thermo Fisher, Wilmington, DE, USA) and 1% 
penicillin-streptomycin solution (Procell, Wuhan, China), 
and cultured at 37°C in 5% CO2.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
Collected tissues or cells were incubated with Trizol 
reagent (Solarbio) for isolation of total RNA. The comple-
mentary DNA (cDNA) was generated via using the 

Table 1 Correlation of the Expression of NEAT1 with 
Clinicopathologic Feature

Clinic-Pathological Parameters NEAT1 
Expression

P value

High Low

Age 0.272

<60 9 10

≥60 10 8

Cisplatin 0.031*

Resistant 13 6
Sensitive 6 12

FIGO stage 0.035*
I+II 5 10

III+IV 14 8

Grade of tumor 0.414

G1 4 3

G2 5 7
G3 10 8

Histologic subtype 0.603
Serous 9 7

others 10 11

Note: the asterisk (*) indicates the significance. 
Abbreviation: FIGO, International Federation of Gynecology and Obstetrics.
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TaqMan cDNA synthesis kit (Haigene, Ha’erbin, China) 
and was mixed with SYBR (Vazyme, Nanjing, China) and 
specific primers (Sangon, Shanghai, China) for qRT-PCR. 
The primers were listed as NEAT1: Forward, 5ʹ-TGGCT 
AGCTCAGGGCTTCAG-3ʹ; Reverse, 5ʹ-TCTCCTTGCC 
AAGCTTCCTTC-3ʹ; PARP1: Forward, 5ʹ-GCTTCCGC 
TGTCTTCTTGAC-3ʹ; Reverse, 5ʹ-TCGAGGTCAAGGT 
CAAGGTC-3ʹ; miR-770-5p: Forward, 5ʹ-CCAGTACCA 
CGTGTCAG-3ʹ; Reverse, 5ʹ-GAACATGTCTGCGTAT 
CTC-3ʹ; glyceraldehyde-3-phosphate dehydrogenase (GA 
PDH) (Forward, 5ʹ-CGGAGTCAACGGATTTGGTCGT 
AT-3ʹ; Reverse, 5ʹ-AGCCTTCTCCATGGTGGTGAAGA 
C-3ʹ); U6 (Forward, 5ʹ-TGCGGGTGCTCGCTTCGGCA 
GC-3ʹ; Reverse, 5ʹ-CGCTTCACGAATTTGCGTGTCAT 
-3ʹ). The relative expression levels of genes were normal-
ized to GAPDH or U6 using the method of 2−ΔΔCt.24

3-(4,5-Dimethylthiazol-2-yl)- 
2,5-Diphenyl-Tetrazolium Bromide (MTT) 
Assay
For detection of the IC50 of cisplatin, cells were incubated 
with different concentrations (0.3, 0.6, 1.2, 2.4, 4.8, 9.6, 
19.2 and 38.4 μg/mL) of cisplatin for 48 h. Then cells 
were incubated in fresh RPMI-1640 medium with 
0.5 mg/mL MTT solution (Beyotime, Shanghai, China) 
for 4 h. Subsequently, cell medium was removed and the 
formed crystal was resolved in dimethyl sulfoxide 
(Solarbio). The cell viability was analyzed by 
a microplate reader (Potenov, Beijing, China) with non- 
DDP group as 100% in each group, and IC50 of cisplatin 
was assessed according to the curve of cell viability.

Moreover, transfected A2780/DDP and SKOV3/DDP 
cells (5 × 103 cells/well) were seeded into 96-well plates and 
cultured for 0, 24, 48 and 72 h, followed by incubation of MTT 
solution and dimethyl sulfoxide as the above. The value of 
optical density at 490 nm was measured by a microplate 
reader.

Cell Transfection
The overexpression vectors of PARP1 were generated by 
Hanbio Biotechnology (Shanghai, China) with pcDNA3.1 
vector (YouBio, Changsha, China) as a negative control. 
The pcDNA3.1 vector lacks the miR-770-5p target site. 
The short interfering RNA (siRNA) for NEAT1 (si- 
NEAT1 #1, 5ʹ-AUUAAUUAGUAUUUUCUUGGC-3ʹ; si- 
NEAT1 #2, 5ʹ-AACAAUUUUUGUUUGUUAGUU-3ʹ si- 
NEAT1 #3, 5ʹ-AAUAUAGGCAUUUACAAGGCU-3ʹ), 

siRNA negative control (si-NC, 5ʹ-UUCUCCGAACGU 
GUCACGU-3ʹ), miR-770-5p mimic (miR-770-5p, 5ʹ- 
UCCAGUACCACGUGUCAGGGCCA-3ʹ) and mimic 
negative control (miR-NC, 5ʹ-UUCUCCGAACGUG 
UCACGUTT-3ʹ), miR-770-5p inhibitor (anti-miR-770-5p, 
5ʹ-UGGCCCUGACACGUGGUACUGGA-3ʹ), inhibitor 
negative control (anti-NC, 5ʹ-CAGUACUUUUGUGUA 
GUACAA-3ʹ) were generated by Fulengen (Guangzhou, 
China). Cell transfection was performed in A2780/DDP 
and SKOV3/DDP cells using the lipofecter liposomal 
transfection reagent (Beyotime). And cells were harvested 
after the transfection for 24 h.

Flow Cytometry
For analysis of cell apoptosis, transfected A2780/DDP and 
SKOV3/DDP cells (5 × 105 cells per well) were plated into 
24-well plates and cultured for 72 h. Subsequently, cells were 
harvested, resuspended in binding buffer and then incubated 
with 10 μL Annexin V-fluorescein isothiocyanate (FITC) and 
propidium iodide (PI) (Solarbio) for 5 min. The stained cells 
were detected through a flow cytometer (Countstar, 
Shanghai, China). The apoptotic rate was presented as the 
percentage of cells at upper and lower right quadrants.

Western Blot
For total protein isolation, cells or tissues were collected 
and lysed using the total protein extraction kit (Solarbio). 
After the quantification, the protein was mixed with sample 
loading buffer (Beyotime) and then denatured at 98°C for 5 
min. Subsequently, the protein samples (20 μg each lane) 
were separated by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and then transfected onto nitrocellulose 
membranes (Millipore, Billerica, MA, USA). The efficacy 
of membrane transfer was validated by Ponceau S solution 
(Beyotime) and 5% nonfat milk was used to block the 
nonspecific binding sites on membranes. Subsequently, the 
membranes were incubated with primary anti-B-cell lym-
phoma-2 (Bcl-2) (ab196495, 1:2000 dilution, Abcam, 
Cambridge, UK), anti-Bcl-2-associated X protein (Bax) 
(ab199677, 1:1000 dilution, Abcam), anti-Cleaved cas-
pase-3 (Cleaved-casp-3) (ab2302, 1:1000 dilution, 
Abcam), anti-PARP1 (ab227244, 1:5000 dilution, Abcam) 
or anti-GAPDH (ab9485, 1:2000 dilution, Abcam) and cor-
responding secondary antibody (ab205718, 1:10,000 dilu-
tion, Abcam). The enhanced chemiluminescence reagent 
(Thermo Fisher) was exploited to develop the protein sig-
nals. The relative abundance of protein was analyzed 
according to the gray values of bands assessed by 
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QuantityOne software (Bio-Rad, Hercules, CA, USA), with 
GAPDH as an internal control.

Dual-Luciferase Reporter Assay
The potential complementary sequences between miR- 
770-5p and NEAT1 or 3ʹUTR of PARP1 were predicted 
by starBase online. The wild-type (WT) sequences of 
NEAT1 and 3ʹUTR of PARP1 containing miR-770-5p 
binding sites were amplified and then inserted into the 
downstream of pGL3 vector (Promega, Madison, WI, 
USA), generating the luciferase reporter vectors NEAT1- 
WT and PARP1 3ʹUTR-WT, respectively. The corre-
sponding mutant (MUT) luciferase reporter vectors 
NEAT1-MUT and PARP1 3ʹUTR-MUT were generated 
by mutating the seed sites of miR-770-5p. For dual- 
luciferase reporter assay, these constructed luciferase 
reporter vectors, control vectors and miR-770-5p or 
miR-NC were co-transfected into A2780/DDP and 
SKOV3/DDP cells for 48 h. Subsequently, transfected 
A2780/DDP and SKOV3/DDP cells were collected and 
analyzed with a dual-luciferase assay kit (Promega).

Xenograft Model
All animal experiments were performed under the approval 
of the Animal Ethics Committee of Jilin Medical College 
Affiliated Hospital and were in line with the guidelines for 
the Care and Use of Laboratory Animals (GB 
T 35892–2018). Sixteen female BALB/c nude mice (4-week- 
old) were purchased from Charles River (Beijing, China) and 
randomly divided into two groups (n=8 per group). A2780/ 
DDP cells (1 × 106/mouse) stably transfected with lentivirus 
vectors of short hairpin RNA for NEAT1 (sh-NEAT1) or 
corresponding negative control (sh-NC) constructed by 
Genomeditech (Shanghai, China) were subcutaneously 
injected into nude mice. The tumor volume was monitored 
every 5 days from the third day after cell injection and 
calculated with a formula: length × width2 × 0.5. At 28 
days after the inoculation, mice in every group were killed. 
The tumor tissues were collected, weighed and then used for 
further analysis.

Statistical Analysis
Every data was presented as mean ± standard deviation 
(SD). The experiments were performed more than three 
times. The statistical analysis was processed by GraphPad 
Prism 7 software (GraphPad Inc., La Jolla, CA, USA). The 
linear correlation between the levels of miR-770-5p and 
NEAT1 or PARP1 in ovarian cancer tissues was analyzed 

by Spearman correlation coefficient. The difference was 
analyzed by Student’s t-test or one-way analysis of var-
iance (ANOVA) followed via Tukey post hoc test. It was 
considered significant when P-value was less than 0.05.

Results
The Level of NEAT1 is Increased in 
Cisplatin-Resistant Ovarian Cancer 
Tissues and Cells
To measure the expression of NEAT1 in ovarian cancer, 18 
cisplatin-sensitive and 19 cisplatin-resistant ovarian cancer 
patients were recruited. As shown in Figure 1A, the expression 
of NEAT1 was significantly increased in ovarian cancer tissues 
(n=37) compared with that in para-tumor tissues (n=37). 
Moreover, the cisplatin-resistant tissues (n=19) exhibited 
higher expression of NEAT1 than those sensitive samples 
(n=18) (Figure 1B). The patients were divided into high or 
low expression of NEAT1 group according to the median level. 
High expression of NEAT1 was associated with cisplatin resis-
tance and FIGO stage (Table 1). In addition, NEAT1 level was 
remarkably enhanced in A2780 and SKOV3 cells in compar-
ison to that in HOSEpiC cells (Figure 1C). Meanwhile, the 
abundance of NEAT1 was further elevated in cisplatin- 
resistant cell lines A2780/DDP and SKOV3/DDP when com-
pared to that in corresponding sensitive cells (Figure 1C). The 
analysis of MTT confirmed that A2780/DDP and SKOV3/ 
DDP cells had higher value of IC50 of cisplatin than A2780 
and SKOV3 cells, respectively (Figure 1D and E). These 
results displayed the increased expression of NEAT1 in cispla-
tin-resistant ovarian cancer tissues and cells.

Down-Regulation of NEAT1 Represses 
Cisplatin Resistance in Cisplatin-Resistant 
Ovarian Cancer Cells
To explore the effect of NEAT1 on cisplatin resistance in vitro, 
A2780/DDP and SKOV3/DDP cells were transfected with 
three designed siRNAs for NEAT1 or si-NC. As displayed in 
Figure 2A, the abundance of NEAT1 was effectively 
decreased by treatment of si-NEAT1 #1, #2 and #3 compared 
with that in si-NC group. The si-NEAT1 #2 group with the 
highest efficacy for NEAT1 knockdown was used for further 
experiments. After the treatment of a series of concentrations 
of cisplatin for 48 h, the IC50 of cisplatin was analyzed in 
A2780/DDP and SKOV3/DDP cells. The results showed that 
knockdown of NEAT1 markedly decreased the IC50 of cis-
platin in the two resistant cell lines (Figure 2B and C). 
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Furthermore, the data of MTT showed that silencing of 
NEAT1 evidently decreased the viability of A2780/DDP and 
SKOV3/DDP cells at 72 h (Figure 2D and E). Additionally, 
analysis of flow cytometry described that NEAT1 interference 
obviously increased apoptosis of A2780/DDP and SKOV3/ 
DDP cells at 72 h (Figure 2F and G). Moreover, Western blot 
assay was performed to measure the expression of anti- 
apoptotic protein Bcl-2 and pro-apoptotic proteins Bax and 
Cleaved-casp-3 in A2780/DDP and SKOV3/DDP cells at 72 
h. Knockdown of NEAT1 led to obvious reduction of Bcl-2 
expression and increase of Bax and Cleaved-casp-3 levels in 
the two resistant cell lines (Figure 2H and I). Together, NEAT1 
knockdown reduced IC50 of cisplatin and cell viability but 
induced apoptosis in A2780/DDP and SKOV3/DDP cells.

NEAT1 is a Sponge for miR-770-5p in 
Cisplatin-Resistant Ovarian Cancer Cells
To explore the mechanism mediated by NEAT1 in ovarian 
cancer, the miRNAs that might be targeted by NEAT1 were 
searched by starBase online and miR-770-5p was shown as 
a potential target with the predicted binding sites (Figure 
3A). For validation of this association, dual-luciferase 

reporter assay was performed and results showed that over-
expression of miR-770-5p induced loss of luciferase activity 
in WT-NEAT1 group, while it showed little effect on the 
activity in MUT-NEAT1 group (Figure 3B and 3C). 
Moreover, miR-770-5p expression was markedly declined 
in cisplatin-resistant tissues (n=19) compared with that in the 
sensitive samples (n=18) (Figure 3D). In addition, the 
expression of miR-770-5p was significantly reduced in 
A2780 and SKOV3 cells compared with that in HOSEpiC 
cells and A2780/DDP and SKOV3/DDP cells had the rela-
tive lower expression of miR-770-5p than sensitive cells 
(Figure 3E). There was an inverse relationship between the 
levels of miR-770-5p and NEAT1 in ovarian cancer tissues 
(r=−0.5265, P=0.0008) (Figure 3F). These data indicated 
that miR-770-5p was sponged by NEAT1 and had lower 
expression in A2780/DDP and SKOV3/DDP cells.

NEAT1 Silencing Suppresses Cisplatin 
Resistance by Up-Regulating miR-770-5p in 
Cisplatin-Resistant Ovarian Cancer Cells
In order to explore whether miR-770-5p was responsible 
for NEAT1-mediated regulatory effect on cisplatin 

Figure 1 NEAT1 expression is enhanced in cisplatin-resistant ovarian cancer tissues and cells. (A) The expression of NEAT1 was measured in ovarian cancer tissues and 
para-tumor tissues (n=37) by qRT-PCR. (B) The level of NEAT1 was detected in cisplatin-sensitive (n=18) and cisplatin-resistant tissues (n=19) by qRT-PCR. (C) The 
expression of NEAT1 was examined in cisplatin-sensitive ovarian cancer cells (A2780 and SKOV3) and cisplatin-resistant cells (A2780/DDP and SKOV3/DDP) by qRT-PCR. 
(D and E) The cell viability and IC50 of cisplatin (DDP) were analyzed in A2780, A2780/DDP, SKOV3 and SKOV3/DDP cells after treatment of different concentrations of 
cisplatin for 48 h by MTT. The difference was compared with the indicated control group and analyzed via Student’s t-test or ANOVA followed via Tukey post hoc test. 
*P<0.05.
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resistance in ovarian cancer, A2780/DDP and SKOV3/ 
DDP cells were transfected with si-NC, si-NEAT1 #2, 
si-NEAT1 #2 and anti-NC or anti-miR-770-5p. After the 
transfection, the abundance of miR-770-5p was signifi-
cantly enhanced by knockdown of NEAT1 in A2780/ 
DDP and SKOV3/DDP cells, which was weakened by 
introduction of miR-770-5p inhibitor (Figure 4A and B). 
Furthermore, down-regulation of miR-770-5p alleviated 
knockdown of NEAT1-mediated decrease of IC50 of 
cisplatin in A2780/DDP and SKOV3/DDP cells (Figure 
4C and D). In addition, deficiency of miR-770-5p 
ablated the viability inhibition and apoptosis promotion 
induced by NEAT1 silencing at 72 h in the two cispla-
tin-resistant cells (Figure 4E-H). Knockdown of 
miR-770-5p attenuated the regulatory effect of NEAT1 
interference on the protein levels of Bcl-2, Bax and 
Cleaved-casp-3 (Figure 4I and J). These findings uncov-
ered that knockdown of NEAT1 regulated cisplatin 

resistance by increasing miR-770-5p in A2780/DDP 
and SKOV3/DDP cells.

PARP1 is a Target of miR-770-5p in 
Cisplatin-Resistant Ovarian Cancer Cells
For further exploring the mechanism in this work, the 
targets of miR-770-5p were predicted. We used starBase 
and miRwalk to predict miR-770-5p targets and used 
GEPIA to predict the up-regulated genes in ovarian can-
cer, which showed 186 up-regulated genes were targeted 
via miR-770-5p both in starBase and miRwalk 
(Supplementary Figure 1A). Moreover, we analyzed the 
expression and drug resistance correlation of the 186 
targets. We found 32 targets were evidently up-regulated 
and 15 targets were associated with drug resistance, in 
which PARP1 was the only one markedly expressed tar-
get associated with drug resistance (Supplementary 
Figure 1B). Hence, PARP1 was selected as an important 

Figure 2 Knockdown of NEAT1 inhibits cisplatin resistance in cisplatin-resistant ovarian cancer cells. (A) The abundance of NEAT1 was measured in A2780/DDP and 
SKOV3/DDP cells transfected with si-NC, si-NEAT1 #1, #2 or #3 by qRT-PCR. (B and C) Cell viability and IC50 of cisplatin (DDP) were detected in A2780/DDP and 
SKOV3/DDP cells transfected with si-NC or si-NEAT1 #2 after stimulation of different concentrations of cisplatin for 48 h by MTT. (D and E) Cell viability was determined 
in A2780/DDP and SKOV3/DDP cells transfected with si-NC or si-NEAT1 #2 at 0, 24, 48 and 72 h by MTT. (F and G) The apoptotic rate of A2780/DDP and SKOV3/DDP 
cells transfected with si-NC or si-NEAT1 #2 was measured at 72 h by flow cytometry. Markers: Annexin V-FITC and PI. (H and I) The protein levels of Bcl-2, Bax and 
Cleaved-casp-3 were detected in A2780/DDP and SKOV3/DDP cells transfected with si-NC or si-NEAT1 #2 at 72 h by Western blot. The difference was compared with si- 
NC group and analyzed via Student’s t-test or ANOVA followed via Tukey post hoc test. *P<0.05.
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target of miR-770-5p for further experiments. The com-
plementary sequences between miR-770-5p and PARP1 
are shown in Figure 5A. To validate the relationship 
between them, PARP1 3ʹUTR-WT and PARP1 3ʹUTR- 
MUT were constructed and transfected into A2780/DDP 
and SKOV3/DDP cells. The luciferase activity was sig-
nificantly reduced by introduction of miR-770-5p in 
PARP1 3ʹUTR-WT group, whereas it was not affected 
in PARP1 3ʹUTR-MUT group (Figure 5B and C). 
Moreover, the mRNA and protein levels of PARP1 were 
markedly reduced by overexpression of miR-770-5p in 
A2780/DDP and SKOV3/DDP cells (Figure 5D and E). 
In addition, the expression of PARP1 at transcriptional 
level was abnormally increased in cisplatin-resistant tis-
sues (n=19) in comparison to that in sensitive group 
(n=18) (Figure 5F). Furthermore, the expression of 
PARP1 mRNA in ovarian cancer tissues was negative 
correlated with the level of miR-770-5p (r=−0.5141, 
P=0.0011) (Figure 5G). These results suggested PARP1 
as a target of miR-770-5p in A2780/DDP and SKOV3/ 
DDP cells.

Introduction of PARP1 Mitigates the 
Inhibitive Effect of NEAT1 Knockdown on 
Cisplatin Resistance in Cisplatin-Resistant 
Ovarian Cancer Cells
To explore whether NEAT1-mediated regulation of cisplatin 
resistance was associated with PARP1, A2780/DDP and 
SKOV3/DDP cells were transfected with si-NC, si-NEAT1 
#2, si-NEAT1 #2 and vector or PARP1. The mRNA and 
protein levels of PARP1 were significantly decreased by 
NEAT1 knockdown in A2780/DDP and SKOV3/DDP 
cells, which was attenuated by introduction of PARP1 
(Figure 6A-D). Moreover, addition of PARP1 abrogated the 
suppressive effect of NEAT1 knockdown on IC50 of cispla-
tin in A2780/DDP and SKOV3/DDP cells (Figure 6E and F). 
Additionally, restoration of PARP1 attenuated silencing of 
NEAT1-mediated inhibition of viability and promotion of 
apoptosis in A2780/DDP and SKOV3/DDP cells (Figure 
6G-J). Furthermore, knockdown of NEAT1-induced inhibi-
tion of Bcl-2 and increase of Bax and Cleaved-casp-3 was 
abolished by introduction of PARP1 in A2780/DDP and 
SKOV3/DDP cells (Figure 6K and L). These data indicated 

Figure 3 NEAT1 is a decoy of miR-770-5p in cisplatin-resistant ovarian cancer cells. (A) The binding sites of NEAT1 and miR-770-5p were predicted by starBase. (B and C) 
Luciferase activity was measured in A2780/DDP and SKOV3/DDP cells co-transfected with WT-NEAT1 or MUT-NEAT1 and miR-NC or miR-770-5p. (D) The expression of 
miR-770-5p was measured in cisplatin-sensitive (n=18) and cisplatin-resistant ovarian cancer tissues (n=19) by qRT-PCR. (E) The expression of miR-770-5p was detected in 
A2780, SKOV3, A2780/DDP and SKOV3/DDP cells by qRT-PCR. (F) The linear association between the expression levels of miR-770-5p and NEAT1 in ovarian cancer 
tissues was assessed. The difference was compared with the indicated control group and analyzed via Student’s t-test or ANOVA followed via Tukey post hoc test. *P<0.05.
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that NEAT1 silencing inhibited cisplatin resistance by 
decreasing PARP1 in A2780/DDP and SKOV3/DDP cells.

Knockdown of NEAT1 Reduces PARP1 
Expression by Regulating miR-770-5p in 
Cisplatin-Resistant Ovarian Cancer Cells
To explore whether PARP1 was regulated by NEAT1, 
A2780/DDP and SKOV3/DDP cells were transfected 
with si-NC, si-NEAT1 #2, si-NEAT1 #2 and anti-NC or 
anti-miR-770-5p. As shown in Figure 7A and B, the 
mRNA level of PARP1 was significantly decreased by 
knockdown of NEAT1 in A2780/DDP and SKOV3/DDP 
cells, which was restored by inhibitor of miR-770-5p. 

Moreover, PARP1 protein expression was also reduced 
by NEAT1 silencing, and this effect was abolished by 
miR-770-5p inhibition (Figure 7C and D). Considered 
together, NEAT1 regulated PARP1 expression by compe-
titively binding miR-770-5p in A2780/DDP and SKOV3/ 
DDP cells.

Silencing of NEAT1 Reduces Xenograft 
Tumor Growth by Regulating miR-770-5p 
and PARP1
To further investigate the function of NEAT1 on the devel-
opment of ovarian cancer in vivo, A2780/DDP cells stably 
transfected with sh-NEAT1 or sh-NC were injected into 

Figure 4 Knockdown of miR-770-5p reverses the suppressive effect of NEAT1 silencing on cisplatin resistance in cisplatin-resistant ovarian cancer cells. (A and B) The 
expression of miR-770-5p was measured in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si-NEAT1 #2, si-NEAT1 #2 and anti-NC or anti-miR-770-5p by qRT- 
PCR. (C and D) Cell viability and IC50 of cisplatin (DDP) were detected in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si-NEAT1 #2, si-NEAT1 #2 and anti- 
NC or anti-miR-770-5p after treatment of cisplatin for 48 h by MTT. (E and F) Cell viability was measured in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si- 
NEAT1 #2, si-NEAT1 #2 and anti-NC or anti-miR-770-5p at 0, 24, 48 and 72 h by MTT. (G and H) Cell apoptosis was detected in A2780/DDP and SKOV3/DDP cells 
transfected with si-NC, si-NEAT1 #2, si-NEAT1 #2 and anti-NC or anti-miR-770-5p at 72 h by flow cytometry. (I and J) The protein levels of Bcl-2, Bax and Cleaved-casp-3 
were examined in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si-NEAT1 #2, si-NEAT1 #2 and anti-NC or anti-miR-770-5p at 72 h by Western blot. The 
difference was compared with the indicated control group and analyzed via ANOVA followed via Tukey post hoc test. *P<0.05.
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nude mice to establish xenograft model, named as sh- 
NEAT1 and sh-NC groups (n=8 per group), respectively. 
As shown in Figure 8A and B, the tumor volume and 
weight were significantly decreased in sh-NEAT1 group 
compared with those in sh-NC group. Furthermore, the 
results of qRT-PCR revealed that the levels of NEAT1 
and PARP1 mRNA were markedly reduced but miR-770- 
5p expression was evidently increased in the tumor tissues 
from sh-NEAT1 group compared with those from sh-NC 
group (Figure 8C–E). In addition, the protein levels of 
PARP1 and Bcl-2 were significantly declined while abun-
dances of Bax and Cleaved-casp-3 were elevated in sh- 
NEAT1 group in comparison to those in sh-NC group 
(Figure 8F). These results showed that knockdown of 
NEAT1 decreased the growth of A2780/DDP cells 
in vivo by increasing miR-770-5p and reducing PARP1.

Discussion
Ovarian cancer is a common malignancy in women, and 
the development of cisplatin resistance is an important 
problem for the therapy of ovarian cancer patients.25,26 

LncRNAs played important roles in the regulation of 
tumorigenesis and drug resistance in ovarian cancer.27,28 

Previous studies demonstrated that NEAT1 acted as an 
oncogenic lncRNA to promote the progression of ovarian 
cancer.7,10 However, whether NEAT1 could regulate 

cisplatin resistance in ovarian cancer remains unclear. In 
the present study, we documented the suppressive effect of 
NEAT1 inhibition on cisplatin resistance. Moreover, this 
study was the first to provide the ceRNA network of 
NEAT1/miR-770-5p/PARP1 in ovarian cancer cells 
(Supplementary Figure 2).

Here we first confirmed that A2780/DDP and SKOV3/ 
DDP cells had the higher cisplatin resistance than A2780 
and SKOV3 cells, respectively, revealed by the increased 
IC50 of cisplatin, which was also in agreement with pre-
vious studies.29,30 By detecting the expression of NEAT1 
in cisplatin-resistant and cisplatin-sensitive tissues and cell 
lines, we found that NEAT1 expression was increased in 
resistant group, indicating that high expression of NEAT1 
might be associated with cisplatin resistance in ovarian 
cancer. Furthermore, to explore the potential clinical 
value of this lncRNA, the loss-of-function experiments 
were performed. We used MTT analysis to reveal that 
NEAT1 silencing decreased the IC50 of cisplatin and cell 
viability in cisplatin-resistant cells. In addition, the data of 
flow cytometry as well as levels of apoptotic protein 
showed that NEAT1 knockdown induced cell apoptosis 
of cisplatin-resistant cells. These data uncovered the sup-
pressive effect of NEAT1 knockdown on cisplatin resis-
tance in ovarian cancer in vitro, which was also in 
agreement with previous studies on other cancers.11–13

Figure 5 PARP1 is a target of miR-770-5p in cisplatin-resistant ovarian cancer cells. (A) StarBase online predicted the binding sites of miR-770-5p and PARP1. (B and C) 
Luciferase activity was analyzed in A2780/DDP and SKOV3/DDP cells co-transfected with PARP1 3ʹUTR-WT or PARP1 3ʹUTR-MUT and miR-NC or miR-770-5p. (D and E) 
The mRNA and protein levels of PARP1 were measured in A2780/DDP and SKOV3/DDP cells transfected with miR-NC or miR-770-5p by qRT-PCR and Western blot. (F) 
The expression of PARP1 mRNA was detected in cisplatin-sensitive (n=18) and cisplatin-resistant ovarian cancer tissues (n=19) by qRT-PCR. (G) The linear correlation 
between the expression of PARP1 mRNA and miR-770-5p in ovarian cancer tissues was analyzed. The difference was compared with the indicated control group and 
analyzed via Student’s t-test or ANOVA followed via Tukey post hoc test. *P<0.05.
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LncRNA-mediated ceRNA network is a classical 
mechanism to reveal the value of lncRNA in ovarian 
cancer.31 Previous works revealed that NEAT1 could func-
tion as a ceRNA for miRNAs and be involved in the 
regulation of ovarian cancer progression.8,9 To explore 
the novel ceRNA network mediated by NEAT1, this 
study confirmed that NEAT1 functioned as a sponge for 
miR-770-5p by dual-luciferase reporter assay. The former 
finding suggested miR-770-5p as a sensitizer to improve 
drug sensitivity in breast cancer.16 In this research, we 
found that low expression of miR-770-5p was associated 
with cisplatin resistance in ovarian cancer, which was 
similar to the former effort.17 Furthermore, this study 
displayed that miR-770-5p deficiency weakened the 

inhibitive effect of NEAT1 silencing on cisplatin resis-
tance, indicating that NEAT1 functioned to promote cis-
platin resistance by sponging miR-770-5p in ovarian 
cancer.

To further elucidate the ceRNA network mediated by 
NEAT1 in the current research, we explored the targets of 
miR-770-5p and found that PARP1 had the same miR- 
770-5p binding sites (UACUGG) with NEAT1, indicating 
that NEAT1 might regulate PARP1 expression by compe-
titively binding miR-770-5p. PARP1 has been reported to 
promote cancer development and cisplatin resistance in 
cancers.32,33 In this study, we validated that PARP1 atte-
nuated the suppressive effect of NEAT1 knockdown on 
cisplatin resistance in ovarian cancer, uncovering the 

Figure 6 Restoration of PARP1 attenuates the inhibitive effect of NEAT1 knockdown on cisplatin resistance in cisplatin-resistant ovarian cancer cells. (A-D) The expression 
levels of PARP1 mRNA and protein were detected in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si-NEAT1 #2, si-NEAT1 #2 and vector or PARP1 by qRT- 
PCR and Western blot. (E and F) Cell viability and IC50 of cisplatin (DDP) were measured in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si-NEAT1 #2, si- 
NEAT1 #2 and vector or PARP1 after treatment of cisplatin for 48 h by MTT. (G and H) Cell viability, (I and J) apoptosis and (K and L) protein levels of Bcl-2, Bax and 
Cleaved-casp-3 were examined in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si-NEAT1 #2, si-NEAT1 #2 and vector or PARP1 by MTT, flow cytometry and 
Western blot, respectively. The difference was compared with the indicated control group and analyzed via ANOVA followed via Tukey post hoc test. *P<0.05.
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Figure 7 Silencing of NEAT1 decreases PARP1 expression by regulating miR-770-5p in cisplatin-resistant ovarian cancer cells. (A and B) The mRNA level of PARP1 was 
measured in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si-NEAT1 #2, si-NEAT1 #2 and anti-NC or anti-miR-770-5p by qRT-PCR. (C and D) The expression 
of PARP1 protein was detected in A2780/DDP and SKOV3/DDP cells transfected with si-NC, si-NEAT1 #2, si-NEAT1 #2 and anti-NC or anti-miR-770-5p by Western blot. 
The difference was compared with the indicated control group and analyzed via ANOVA followed via Tukey post hoc test. *P<0.05.

Figure 8 Knockdown of NEAT1 decreases xenograft tumor growth by regulating miR-770-5p and PARP1. (A) Tumor volume was monitored every five days from the 
third day after the cell injection. (B) Tumor weight was measured at the end point. (C-E) The expression levels of NEAT1, miR-770-5p and PARP1 mRNA were measured in 
tumor tissues by qRT-PCR. (F) The protein levels of PARP1, Bcl-2, Bax and Cleaved-casp-3 were detected in tumor tissues by Western blot. n=8. The difference was 
compared with sh-NC group and analyzed via Student’s t-test. *P<0.05.
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promoting role of PARP1 in cisplatin resistance, which 
was consistent with the previous studies.21,22 Meanwhile, 
this indicated NEAT1 regulated cisplatin resistance by 
targeting PARP1. Moreover, PARP1 expression was inhib-
ited by NEAT1 knockdown and restored by miR-770-5p 
absence, which supported the ceRNA network of NEAT1/ 
miR-770-5p/PARP1. In this way, NEAT1 could target 
PARP1 indirectly via miR-770-5p, thus regulating cispla-
tin resistance in ovarian cancer. However, the in vitro 
experiments could not mimic the microenvironment of 
cancer in vivo. Hence, we also performed the preclinical 
experiments using xenograft model of ovarian cancer and 
further confirmed NEAT1 knockdown could decrease cis-
platin-resistant cell growth in vivo. Nevertheless, the cur-
rent study has a limitation that the in vivo analysis was not 
regarded cisplatin resistance (mice were not co-treated 
with cisplatin), which would be performed in future. 
Moreover, there are numerous problems like drug resis-
tance, low prognosis and side effects during cisplatin 
treatment. The combination therapy with 2 or more 
drugs is used to overcome these problems. In the treatment 
of ovarian cancer, cisplatin combined with multiple drugs 
are used, including paclitaxel, oxaliplatin, quercetin and 
thymoquinone.34 Additionally, PARP1, a chemoresistant- 
associated gene, is related to the regulation of sensitivity 
of these drugs.35–39 Thus, we thought that the studied 
mechanism might also be involved in the combination 
therapy of cisplatin and some other drugs.

In conclusion, this study showed that knockdown of 
NEAT1 inhibited cisplatin resistance in ovarian cancer via 
reducing IC50 of cisplatin, decreasing cell viability and 
inducing apoptosis of cisplatin-resistant cells, possibly by 
acting as a ceRNA for miR-770-5p to regulate PARP1. 
This research indicated that NEAT1 might act as a target 
for improving the chemotherapeutic role of cisplatin in 
ovarian cancer.

Highlights
1. LncRNA NEAT1 expression is increased in cisplatin- 

resistant ovarian cancer tissues and cells.
2. NEAT1 interference suppresses cisplatin resistance in 

cisplatin-resistant ovarian cancer cells.
3. NEAT1 sponges miR-770-5p to mediate PARP1 in 

cisplatin-resistant ovarian cancer cells.
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