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1  | INTRODUC TION

Ovarian cancer seriously endangers the health of women. Due to the 
atypical early symptoms and a lack of specific screening indicators 
of ovarian cancer, most patients are initially diagnosed in advanced 
stages.1 Therefore, ovarian cancer is highly lethal and has poor prog-
nosis. At present, the treatment of ovarian cancer is mainly based on 
cisplatin-based combined chemotherapy after surgery.2 However, 

due to the emergence of drug resistance of residual cancer cells, the 
5-year survival rate of patients with ovarian cancer is still at a low 
level.3 Therefore, it is of great significance to explore effective ap-
proaches to inhibit drug resistance of ovarian cancer cells.

Long noncoding RNAs (LncRNAs) are a type of noncoding RNA 
molecules with over 200 nucleotides in length and without specific 
open reading frame.4,5 LncRNAs not only affect gene expression 
regulation during cell growth, but also play an important role in 
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Abstract
Background: This study was aimed at investigating the effects of long noncoding 
RNA (lncRNA) LINC02323 in ovarian cancer and its possible mechanism.
Methods: Microarray analysis and QPCR were utilized to identify lncRNA 
LINC02323 expression in patients with ovarian cancer. MTT assay was used for anal-
ysis of ovarian cancer cell proliferation. Western blot was utilized to investigate its 
possible mechanism.
Results: In patients with ovarian cancer, lncRNA LINC02323 expression was up-reg-
ulated and miR-1343-3p expression was down-regulated. Over-expression of lncRNA 
LINC02323 promoted cell growth and reduced LDH activity levels in vitro model 
by suppression of miR-1343-3p expression. Down-regulation of lncRNA LINC02323 
reduced cell growth and increased LDH activity levels in vitro model by induction of 
miR-1343-3p expression. Over-expression of miR-1343-3p reduced cell growth and 
reduced LDH activity levels in vitro model by suppression of TGF-β receptor. Down-
regulation of miR-1343-3p promoted cell growth and reduced LDH activity levels in 
vitro model by induced of TGF-β receptor.
Conclusion: Our findings show that Novel long noncoding RNA LINC02323 pro-
motes cell growth of ovarian cancer via TGF-β receptor 1 by miR-1343-3p.
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the tumorigenesis, tumor progression, and drug resistance of ma-
lignant tumors.6 At present, a series of studies have shown that 
different lncRNAs play sponge activity by combining with specific 
microRNAs (miRNAs) to inhibit miRNA functions, thereby affect-
ing relevant pathways and affecting tumorigenesis and tumor 
progression.7-9

High expression of TGF-β1 is observed in a variety of tumors.10 
The role of TGF-β1 in tumor progression has been investigated in 
vivo, in vitro, and in transgenic mice. Some results are contradictory 
and difficult to explain, which reflects the complex roles of TGF-β1 
on carcinogenesis.11,12 Many tumor cells are no longer sensitive to 
the growth inhibitory effect mediated by TGF-β1, indicating that 
increased expression of TGF-β1 may change the microenvironment 
of tumor tissues, including induction of local vascular proliferation, 
production of extracellular matrix, and suppression of immune sur-
veillance, all of which provide favorable environments for tumor cell 
proliferation.11 In the early stage of tumor development, TGF-β1 
may act as a tumor suppressor; but in the advanced stage of tumor 
development, TGF-β1 can promote tumor development as the syn-
thesis of TGF-β1 increases.11 This study was aimed at investigating 
the effects of long noncoding RNA (lncRNA) LINC02323 in ovarian 
cancer and its possible mechanism.

2  | MICROARR AY DATA ANALYSIS

2.1 | Clinical patients with melanoma

Serum samples were obtained from patients with ovarian cancer pa-
tients or normal volunteer in Cangzhou Center Hospital. Written in-
formed consent was obtained from all participants, and the research 
protocols were approved by the Ethics Committee of Cangzhou 
Center Hospital.

2.2 | Cell culture and cell transfection

The human ovarian cancer cell line OVCAR3 was obtained from 
the Shanghai Institutes for Biological Sciences of Chinese Academy 
of Sciences (Shanghai, China) and cultured in Dulbecco's modified 
Eagle's medium (DMEM; Thermo Fisher Scientific, Inc.) supple-
mented with 10% (v/v) heat-inactivated fetal bovine serum (Thermo 
Fisher Scientific, Inc.) at 37°C in a humidified atmosphere of 5% 
CO2%-95% air.

2.3 | Quantitative real-time polymerase 
chain reaction

RNA was isolated from SERUM and cells using TRIzol (Invitrogen), 
and cDNA was synthesized using a TaqMan microRNA Reverse 
Transcription Kit (Applied Biosystems of Thermo Fisher Scientific) 
according to the manufacturer's instructions. The TaqMan Universal 
Master Mix II (Thermo Fisher Scientific) was used for cDNA, 
and were quantified using SYBR Green real-time PCR master mix 
(Applied Biosystems). The relative expressions of miRNA were cal-
culated	using	the	2−ΔΔCt method.

2.4 | Cell viability assay

Cell viability was enacted by MTT (Yeasen, Shanghai, China). After 4 h 
of transfection, cells were seeded in 96-well plate. Cells were main-
tained at 37°C in humidified air with 5% CO2 for 24, 48, and 72 h. 20 μl 
of MTT substrate (5 mg/ml) was added to each well, and the plates were 
incubated for 4 h. The medium was then removed, and the cells were 
solubilized in 150 μl of DMSO for 15 min. The optical absorbance values 
were read at 490 nm using a Microplate Reader (Bio-Rad).

F I G U R E  1   Serum levels of 
lncRNA LINC02323 in patients with 
ovarian cancer. Serum levels of 
lncRNA LINC02323 in patients with 
ovarian cancer (A) and the risk of 
developing cancer (B), OS, and DFS (C and 
D). All data were analyzed by the SPSS 
19.0 statistical software. Normal, control 
normal group; OC, patients with ovarian 
cancer group. **p < 0.01 compared 
with healthy volunteers group
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F I G U R E  2   LncRNA LINC02323 regulated ovarian cancer cell proliferation and migration. LncRNA LINC02323 (A and B); cell proliferation 
(C), cell migration (D and E), caspase-3/caspase-9 activity levels (F and G), LDH activity levels (H) in vitro model by over-expression of 
lncRNA LINC02323; cell proliferation (I), cell migration (J and K), caspase-3/caspase-9 activity levels (L and M), LDH activity levels (N) in vitro 
model by down-regulation of lncRNA LINC02323. All data are expressed as the mean ± SD and were analyzed by the SPSS 19.0 statistical 
software. Negative, negative group; LINC02323, over-expression of LINC02323 group; siLINC02323, down-regulation of LINC02323 group. 
**p < 0.01 compared with negative group

F I G U R E  3   LncRNA LINC02323 
regulated miR-1343-3p in vitro model. 
Heat map (A), negative correlations 
lncRNA LINC02323 and miR-1343-3p in 
patients with ovarian cancer (B), miR-
1343-3p expression by over-expression 
of LINC02323 (C) and down-regulation 
of LINC02323 (D), lncRNA LINC02323 
targeted miR-1343-3p (E), luciferase 
assay activity (F). All data are expressed 
as the mean ± SD and were analyzed 
by the SPSS 19.0 statistical software. 
Negative, negative group; LINC02323, 
over-expression of LINC02323 group; 
siLINC02323, down-regulation of 
LINC02323 group. **p < 0.01 compared 
with negative group
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2.5 | Caspase-3/9 and LDH activity levels

After 48 h of transfection, cell was collected, total proteins were 
obtained using PBS and BCA Protein Assay Kit (Pierce) was used for 
determining proteins concentration. Caspase-3/9 and LDH activity 
levels were measured using ELISA assay, and optical absorbance values 
were read at 405 or 450 nm using a Microplate Reader (Bio-Rad).

2.6 | Transwell assay

100 μl (2 × 105 cells/ml) was added to upper Transwell without FBS 
and 600 μl culture medium with 10% FBS was added in the lower 
Transwell at 37°C with 95% air and 5% CO2 for 48 h. After incuba-
tion, filter was fixed with methanol for 5 min and stained by crystal 
violet for 10 min. Cells were counted under microscope.

F I G U R E  4   MiR-1343-3p regulated TGF-β in vitro model. Heat map, results, and volcano figure (A, B and C), lncRNA LINC02323 targeted 
miR-1343-3p (D), luciferase assay activity (E), TGF-β1, N-cadherin, E-cadherin, and vimentin protein expressions (F, G, H, I, and J) by over-
expression of miR-1343-3p; TGF-β1, N-cadherin, E-cadherin, and vimentin protein expressions (J, K, L, M, and N) by down-regulation of 
miR-1343-3p. All data are expressed as the mean ± SD and were analyzed by the SPSS 19.0 statistical software. Negative, negative group; 
MiR-1343-3p, over-expression of miR-1343-3p group; simiR-1343-3p, down-regulation of miR-1343-3p group. **p < 0.01 compared 
with negative group
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2.7 | Western blotting analysis

Western blot was to detect all the proteins expression. Total proteins 
were obtained using RIPA lysis buffer, and BCA Protein Assay Kit 
(Pierce) was used for determining proteins concentration. Protein were 
subjected to SDS-PAGE and then electrophoretically transferred to a 
PVDF membrane (Millipore). Primary antibodies (CREB1, p53, Bax, and 
GAPDH) were prepared in 5% BSA and diluted according to the product 
instruction after blocking with 5% nonfat dry milk. Membranes were in-
cubated with a horseradish peroxidase-conjugated secondary antibody 
and were detected by ECL Detection Systems (Thermo Scientific).

2.8 | Dual-luciferase assay

The	LINC02323	3′-UTR	or	TGF-β	3′-UTR	was	amplified	from	human	
genomic DNA and subcloned into the pGL3-basic luciferase reporter 
plasmid.	LINC02323	3′-UTR	or	TGF-β	3′-UTR	luciferase	reporter	plas-
mids was co-transfected with miR-1343-3p mimics using lipofectamine 
2000 reagent. Dual-Luciferase Reporter Assay was performed accord-
ing to the manufacturer's instructions after 48 h of transfection.

2.9 | Statistical analysis

All data are expressed as the mean ± SD and were analyzed by the 
SPSS 19.0 statistical software. The p-values were calculated using a 

one-way analysis of variance (ANOVA) or Student's t test. Results 
were considered statistically significant with p < 0.05.

3  | RESULTS

3.1 | Serum levels of lncRNA LINC02323 in patients 
with ovarian cancer

Our results revealed that serum levels of lncRNA LINC02323 in 
patients with ovarian cancer was up-regulated (Figure 1A). The 
risk of developing cancer increased with serum levels of lncRNA 
LINC02323 in patients with ovarian cancer (Figure 1B). OS and DFS 
of lncRNA LINC02323 high expressions were lower than those of 
lncRNA LINC02323 low expression (Figure 1C,D).

3.2 | LncRNA LINC02323 regulated ovarian cancer 
cell proliferation and migration

To explore the underlying roles of LncRNA LINC02323 in ovarian 
cancer cell proliferation and migration, we used lncRNA LINC02323 
plasmid and silncRNA LINC02323 plasmid to up-regulate or down-
regulate the expression of lncRNA LINC02323 in vitro model 
(Figure 2A,B). Over-expression of lncRNA LINC02323 promoted cell 
proliferation and migration rate, and reduced caspase-3/caspase-9 
activity levels and LDH activity levels in vitro model (Figure 2C-H). 

F I G U R E  5   LncRNA LINC02323 plays a crucial role in TGF-β of ovarian cancer by targeting miR-1343-3p. TGF-β1, N-cadherin, E-cadherin, 
and vimentin protein expressions (A, B, C, D, and I) by over-expression of LINC02323; TGF-β1, N-cadherin, E-cadherin, and vimentin protein 
expressions (E, F, G, H, and I) by down-regulation of LINC02323. All data are expressed as the mean ± SD and were analyzed by the SPSS 
19.0 statistical software. Negative, negative group; LINC02323, over-expression of LINC02323 group; siLINC02323, down-regulation of 
LINC02323 group. **p < 0.01 compared with negative group
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Down-regulation of lncRNA LINC02323 reduced cell proliferation 
and migration rate, and increased caspase-3/caspase-9 activity lev-
els and LDH activity levels in vitro model (Figure 2I-N).

3.3 | LncRNA LINC02323 plays a crucial role in 
TGF-β of ovarian cancer by targeting miR-1343-3p

Next, we explored the mechanism of lncRNA LINC02323 in ovar-
ian cancer. We found that over-expression of lncRNA LINC02323 
reduced miR-1343-3p expression levels in vitro model, and negative 
correlations lncRNA LINC02323 and miR-1343-3p in patients with 
ovarian cancer (Figure 3A,B). Meanwhile, over-expression of lncRNA 
LINC02323 reduced miR-1343-3p expression levels and down-reg-
ulation of lncRNA LINC02323 promoted miR-1343-3p expression 
levels in vitro model (Figure 3C,D). LncRNA LINC02323 targeted 

miR-1343-3p and luciferase assay activity were reduced in over-
expression of LINC02323 group (Figure 3E,F).

Next, we analyzed the mechanism of miR-1343-3p in the func-
tion of lncRNA LINC02323 on ovarian cancer cell growth. Heat map 
and volcano map showed that Over-expression of miR-1343-3p re-
duced the expression of TGF-β in vitro model (Figure 4A-C). TGF-β 
targeted miR-1343-3p and luciferase assay activity were reduced 
in over-expression of miR-1343-3p group (Figure 4D,E). Over-
expression of miR-1343-3p suppressed TGF-β1, vimentin, and 
N-cadherin protein expressions, and induced E-cadherin protein 
expression levels in vitro model (Figure 4F-J). Down-regulation of 
miR-1343-3p induced TGF-β1, vimentin, and N-cadherin protein 
expressions and suppressed E-cadherin protein expression levels in 
vitro model (Figure 4J-N).

Lastly, we confirmed the function of TGF-β1 in the effects of ln-
cRNA LINC02323 on ovarian cancer cell growth. Over-expression 

F I G U R E  6   MiR-1343-3p regulated ovarian cancer cell proliferation and migration. MiR-1343-3p (A and B); cell proliferation (C), cell 
migration (D and E), caspase-3/caspase-9 activity levels (F and G), LDH activity levels (H) in vitro model by over-expression of miR-1343-3p; 
cell proliferation (I), cell migration (J and K), caspase-3/caspase-9 activity levels (L and M), LDH activity levels (N) in vitro model by down-
regulation of miR-1343-3p. All data are expressed as the mean ± SD and were analyzed by the SPSS 19.0 statistical software. Negative, 
negative group; MiR-1343-3p, over-expression of miR-1343-3p group; simiR-1343-3p, down-regulation of miR-1343-3p group. **p < 0.01 
compared with negative group
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of lncRNA LINC02323 induced TGF-β1, vimentin and N-cadherin 
protein expressions and suppressed E-cadherin protein expres-
sion levels in vitro model (Figure 5A-D,I). Down-regulation of sup-
pressed TGF-β1, vimentin, and N-cadherin protein expressions 
and induced E-cadherin protein expression levels in vitro model 
(Figure 5E-I).

3.4 | MiR-1343-3p regulated ovarian cancer cell 
proliferation and migration

To explore the underlying roles of miR-1343-3p in ovarian can-
cer cell proliferation and migration, we used miR-1343-3p plasmid 
and simiR-1343-3p plasmid to up-regulated or down-regulated 
the expression of miR-1343-3p in vitro model (Figure 6A,B). Over-
expression of lncRNA LINC02323 reduced cell proliferation and mi-
gration rate and increased caspase-3/caspase-9 activity levels and 
LDH activity levels in vitro model (Figure 6C-H). Down-regulation of 
lncRNA LINC02323 promoted cell proliferation and migration rate, 
and reduced caspase-3/caspase-9 activity levels and LDH activity 
levels in vitro model (Figure 6I-N).

3.5 | MiR-1343-3p reversed the effects of lncRNA 
LINC02323 in ovarian cancer via TGF-β

To determine whether miR-1343-3p affected the pro-cancer effects 
of lncRNA LINC02323 in cell proliferation and migration of ovar-
ian cancer, miR-1343-3p and lncRNA LINC02323 plasmid or simiR-
1343-3p and silncRNA LINC02323 plasmid were co-transfected 
into vitro model, respectively. MiR-1343-3p plasmid increased the 
expression of miR-1343-3p in vitro model of lncRNA LINC02323 
over-expression, compared with LINC02323 over-expression group 
(Figure 7A). Compared with LINC02323 over-expression group, 
over-expression of miR-1343-3p reduced cell proliferation and 
migration, suppressed TGF-β1, vimentin and N-cadherin protein 
expressions, induced E-cadherin protein expression levels, and in-
creased caspase-3/caspase-9 activity levels and LDH activity levels 
in vitro model (Figure 7B-K).

SiMiR-1343-3p plasmid decreased the expression of miR-1343-3p 
in vitro model of lncRNA LINC02323 down-regulation, compared 
with LINC02323 down-regulation group (Figure 8A). Compared 
with LINC02323 down-regulation group, down-regulation of miR-
1343-3p promoted cell proliferation and migration, induced TGF-β1, 

F I G U R E  7   MiR-1343-3p reversed the effects of lncRNA LINC02323 in ovarian cancer via TGF-β. MiR-1343-3p (A), cell proliferation (B), 
TGF-β1, N-cadherin, E-cadherin, and vimentin protein expressions (C, D, E, F, and G), cell migration (H), caspase-3/caspase-9 activity levels 
(I and J), LDH activity levels (K). All data are expressed as the mean ± SD and were analyzed by the SPSS 19.0 statistical software. Negative, 
negative group; LINC02323, over-expression of LINC02323 group; LINC02323 + miR-1343-3p, over-expression of LINC02323 and miR-
1343-3p group. **p < 0.01 compared with negative group, ##p < 0.01 compared with over-expression of LINC02323 group
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vimentin and N-cadherin protein expressions, suppressed E-cadherin 
protein expression levels, and decreased caspase-3/caspase-9 activ-
ity levels and LDH activity levels in vitro model (Figure 8B,K).

4  | DISCUSSION

Ovarian cancer is the second most common female reproductive 
malignancy, with the highest mortality rate among all gyneco-
logical tumors.13 Approximately 200,000 people are diagnosed 
with ovarian cancer each year globally, and 125,000 people die 
from ovarian cancer.14 Due to the relatively insidious onset, a 
lack of effective screening, and early diagnosis methods, 70% 
to 80% of patients are diagnosed in advanced stage, with ex-
tremely poor therapeutic effect and prognosis, and the 5-year 
survival rate less than 20%.15 Herein, our results demonstrated 
that serum levels of lncRNA LINC02323 in patients with ovarian 
cancer were up-regulated. OS and DFS of lncRNA LINC02323 
high expressions were lower than those of lncRNA LINC02323 
low expression, which is consistent with the LINC02323-
mediated metastasis of ovarian cancer. Zhang et al showed that 

LINC01819 signature had a regulatory role in the lung adenocar-
cinom cell mobility.16

According to the previous description, different lncRNAs can 
interact with specific miRNAs, and lncRNAs and miRNAs synergis-
tically regulate various aspects of gene expression, thereby main-
taining the balance of internal environment.17-19 miRNA sponge 
function has the unique characteristics as an ideal ceRNA.20 
Relevant research and construction not only provide important 
bases to study the functions of lncNAs and miRNAs, but also pro-
vide a powerful tool for the antitumor treatment, simultaneously 
shedding novel light on the treatment of other diseases.21,22 In the 
present study, our data showed that LncRNA LINC02323 plays a 
crucial role in TGF-β of ovarian cancer by targeting miR-1343-3p. 
Zhang et al23 reported that INC02323 promotes cell metastasis 
via sponging miR-1343-3p in lung adenocarcinoma. These find-
ings suggest that LncRNA LINC02323/ miR-1343-3p/ TGF-β axis 
was involved in the molecular mechanism of ovarian cancer cell 
growth, and it might play a leading role in ovarian cancer metasta-
sis development.

The disorder of TGF-β signal transduction pathway can protect 
cells from the growth inhibitory effect mediated by TGF-β, leading 

F I G U R E  8   SimiR-1343-3p reversed the effects of silncRNA LINC02323 in ovarian cancer via TGF-β. MiR-1343-3p (A), cell proliferation 
(B), TGF-β1, N-cadherin, E-cadherin, and vimentin protein expressions (C, D, E, F, and G), cell migration (H), caspase-3/caspase-9 activity 
levels (I and J), LDH activity levels (K). All data are expressed as the mean ± SD and were analyzed by the SPSS 19.0 statistical software. 
Negative, negative group; siLINC02323, down-regulation of LINC02323 group; siLINC02323, down-regulation of LINC02323 and miR-1343-
3p group. **p < 0.01 compared with negative group, ##p < 0.01 compared with down-regulation of LINC02323 group
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to the occurrence of various types of tumors.24 Because TGF-β sig-
nal transduction pathway can mediate the inhibitory effect of cell 
growth, especially the inhibitory effect on epithelial cell growth, 
thereby promoting the tumorigenesis and tumor progression.25 
These results indicated that miR-1343-3p reversed the effects of 
lncRNA LINC02323 in ovarian cancer via TGF-β.

Our study provided, for the first time, serum levels of lncRNA 
LINC02323 in patients with ovarian cancer was up-regulated, and 
over-expression of lncRNA LINC02323 promoted cell prolifera-
tion and migration rate in vitro model via TGF-β receptor 1 by miR-
1343-3p, which indicated that it was a key molecule in the process 
of invasion and metastasis of ovarian cancer and might be used as a 
potential target in ovarian cancer.
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