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ABSTRACT
Ovarian cancer (OC) is one of the most common malignancies of the female reproductive system. 
The miRNA miR-582-3p is associated with a variety of tumors, and the aim of this study was to 
investigate the role and mechanisms of miR-582-3p specifically in ovarian carcinogenesis and 
progression. Low expression of miR-582-3p was noted in OC tissue and cell lines, and lower 
expression of miR-582-3p correlated with lower overall survival in OC patients. Knockdown of miR- 
582-3p promoted the proliferation and migration of OC cells, while overexpression inhibited 
them. TUG1, a long non-coding RNA, was found to bind to miR-582-3p, and inhibition of 
lncRNA TUG1 decreased viability and migration and weakened the effect of miR-582-3p knock-
down in OC cells. Implantation of OC cells with reduced miR-582-3p caused increased tumor 
growth, while lncRNA TUG1 knockdown suppressed tumor growth and relieved the impact of 
reduced miR-582-3p in vivo. Phosphorylation of AKT and mTOR were significantly enhanced with 
decreased miR-582-3p expression, but lncRNA TUG1 knockdown attenuated this trend in vitro and 
in vivo. The novel miR-582-3p represses the malignant properties of OC via the AKT/mTOR 
signaling pathway by targeting lncRNA TUG1. This axis may represent valuable prognostic 
biomarkers and therapeutic targets for OC.
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1. Introduction

Ovarian cancer (OC) is one of the major forms of 
cancer that affects women’s health worldwide. 
According to global cancer statistics reports, ovar-
ian cancer is the fifth leading cause of death 
among women’s tumors, after lung cancer, breast 
cancer, colorectal cancer and pancreatic cancer [1]. 
The incidence of OC is undergoing a rapid 
increase, and the Globocan study predicted that 
the incidence of OC will increase to 371,000 and 
the number of deaths to 254,000 worldwide by 
2035 [2]. Notably, China and India are predicted 
to remain the countries with the highest number 
of ovarian cancer cases [2].

As the ovaries are located deep in the pelvic 
cavity, early-stage OC patients usually do not 
have obvious clinical symptoms or only have 
mild symptoms; therefore, when patients seek 
medical attention due to symptoms, such as 
abdominal distension, many of them have already 

progressed to later stages. In these patients, the 
tumor has likely spread widely and metastasized 
in the abdominopelvic cavity, and the cancer cells 
have embedded in the peritoneum, thus forming 
multiple nodules [3].

The current treatment for advanced OC 
remains chemotherapy and tumor cell reduction, 
and although a large proportion of patients go into 
remission after first-line treatment, around 70% of 
OC patients experience tumor recurrence [4]. 
With advances in diagnosis and treatment, the 
5-year survival rate for ovarian cancer has 
improved over the past three years, but the overall 
cure rate is still below 40% [5,6]. Therefore, in 
order to improve the treatment of ovarian cancer 
patients, we need to better understand the mole-
cular mechanism involved in ovarian carcinogen-
esis and to explore highly sensitive and specific 
markers so that we can accurately determine prog-
nosis and individualize treatment for patients.
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Recently, the role of non-coding RNAs, includ-
ing small RNAs and long non-coding RNAs 
(lncRNAs), in OC has received increasing atten-
tion from researchers [7]. MicroRNAs (miRNA) is 
a kind of noncoding RNA that are typically 18 to 
25 Nucleotide length and that have regulatory 
functions. Various miRNAs regulate cell growth, 
differentiation, apoptosis and endocrine metabo-
lism, thereby forming a complex and orderly reg-
ulatory network that participates in homeostatic 
balance throughout the body [8–10].

Many miRNAs have been found to act as post- 
transcriptional regulators of target RNAs in the 
context of ovarian cancer. For instance, He et al. 
[11] demonstrated an exosome-dependent 
mechanism by which miR-205 derived from can-
cer cells regulates tumor angiogenesis and which 
implicated exosomal miR-205 as a potential ther-
apeutic target for OC. Similarly, An et al [12] 
found that mir21 It plays an important role in 
regulating macrophage polarization, there by 
Increased M2 macrophage mediated chemoresis-
tance of Ovarian cancer cells.

Another miRNA, miR-582-3p, is an important 
component of the miRNA regulatory network that 
plays an important management player many dis-
eases [13–17]. Recent data display reported that 
miR-582-3p plays an important regulatory role in 
the development and progression of malignant 
tumors, such as prostate cancer [14], lung cancer 
[15], liver cancer [16] and cervical cancer [17]. The 
expression of miR-582-3p in these tumor tissues is 
often down-regulated, suggesting that miR-582-3p 
may play a role in suppressing tumourigenesis. 
The expression of miR-582-3p affects tumor cell 
reproduction, differentiation and apoptosis 
through the regulation of multiple target genes, 
and is a relatively important regulator of malig-
nant tumor cell invasion, vascular infiltration and 
metastasis. Thus, miR-582-3p has been shown to 
impact multiple types of cancer, yet few reports 
exist regarding the role and expression of miR- 
582-3p specifically in ovarian carcinogenesis.

Recent studies have shown that lncRNAs, which 
are stable non-coding RNAs greater than 200, can 
act as upstream regulators by binding and regulat-
ing specific miRNAs involved in various biological 
processes, including tumor cell proliferation, 
apoptosis, invasion and metastasis [18]. Many 

lncRNAs have considerable tissue or cell type spe-
cificity [19], and lncRNAs as a new participant 
play in the initiation, maintenance and progres-
sion of tumourigenesis [7,20]. For example, like 
lncrna differentiation against non proteins coding 
RNA (DANCR) plays a promotional role in tumor 
angiogenesis in ovarian cancer through regulation 
of miR-145 [21].

Previous bioinformatic prediction and valida-
tion led us to identify lncRNA taurine up- 
regulated 1 (TUG1), which is upstream of miR- 
582-3p as another molecule of potential interest in 
ovarian cancer. It has been found that lncRNA 
TUG1 is aberrantly expressed in a variety of malig-
nant tumor tissues [22,23]. The aberrantly 
expressed lncRNA TUG1 interferes with the pro-
liferation, migration and invasion of tumor cells 
through various molecular mechanisms to pro-
mote or inhibit tumor development. The lncRNA 
TUG1 and specific mRNA can associate through 
a common miRNA response element, thus form-
ing a competitive endogenous RNA (ceRNA) net-
work. In this network, lncRNA TUG1 attenuates 
the inhibitory effect of miRNAs on mRNAs by 
competing for miRNA binding sites [22–24]. This 
explains to some extent the correlation between 
genome size and organismal complexity and 
could provide answers to evolutionary questions, 
as well as having implications for disease, inter-
preting disease processes and providing opportu-
nities for new therapies. For instance, TUG1 may 
contribute to the progression of thyroid cancer 
cells by functioning as a ceRNA that sponges 
miR-145 [22].

The pathway that consists of phosphatidylinosi-
tol 3-kinase (PI3K), AKT, and mammalian target 
of rapamycin (mTOR) represents a potential target 
of non-coding RNA signaling networks, as it reg-
ulates cell apoptosis growth, proliferation, differ-
entiation, apoptosis and metabolism, and is the 
most common altered signaling through the 
human body tumors [25]. It exerts control over 
the cell cycle as well as over several important 
stages of the tumor process, such as angiogenesis, 
tumor resistance, and genomic instability, and is 
therefore an important target for anti-tumor 
therapy.

Among the numerous aberrant oncogenic sig-
naling pathways in ovarian cancer, the PI3K/AKT/ 
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mTOR pathway is one of the most frequently 
altered. In high-grade plasma ovarian cancers, 
PIK3CA gene amplification mutations were 
found in more than 20% of cases, and more than 
35% of high-grade plasma ovarian cancers pre-
sented with combinatorial mutations in compo-
nents of PI3K/Akt/mTOR signaling pathway, 
resulting in enhanced pathway activity [26]. 
Campbell et al. found that amplifying mutations 
in the PIK3CA gene were reported in 51 (30.5%) 
of 167 primary epithelial ovarian cancers [27]. 
Therefore, we investigated the AKT/mTOR signal-
ing pathway as a potential pathway downstream of 
miR-582-3p activity.

In this study, we focused on miR-582-3p and 
combined it with its upstream regulator lncRNA 
TUG1 and potential downstream target AKT/ 
mTOR to explore the malignant biological beha-
vior of this miRNA in regulating ovarian cancer 
and to analyze the possible molecular mechanisms. 
Such an analysis may provide new strategies for 
the treatment of ovarian cancer and new biomar-
kers for the prediction of ovarian cancer 
prognoses.

2. Materials and methods

2.1. Cell culture and plasmid transfection

A2780 and SKOV3 cells were cultured in RPMI- 
1640 medium supplemented with 10% fetal bovine 
serum, 100 U/ml penicillin and 100 mg/ml strep-
tomycin. The cells were cultured at 37°C in 5% 
CO2 atmosphere. An miR-582-3p mimic, mimic 
negative control, miR-582-3p inhibitor, inhibitor 
negative control and interfering RNA against 
lncRNA TUG1 were all synthesized by 
Guangzhou Ribo Biotechnology Co., Ltd.

A2780 and SKOV3 cells were grown in 6-well 
plates to 70% confluence, when they were trans-
fected with the above plasmids or oligonucleotides 
using Lipofectamine 2000. The cells were divided 
into the following groups: control group, untrans-
fected cells; NC-Ov group, cells transfected with 
the mimic negative control; Ov-miR-582-3p 
group, cells transfected with an miR-582-3p 
mimic; NC-si group, cells transfected with an inhi-
bitor negative control; si-miR-582-3p group, cells 
transfected with miR-582-3p inhibitor; sh-TUG1 

group, cells transfected with interfering RNA 
against lncRNA TUG1; and sh-TUG1+ si-miR 
-582-3p group. Transfection efficiency was 
detected by qRT-PCR 48 h after transfection.

2.2. Quantitative real-time PCR (qRT-PCR) to 
determine lncRNA TUG1 and miR-582-3p 
expression in OC cells

Total RNA was extracted from OC cells using 
TRIzol reagent. RNA reverse transcription was 
performed using the FastQuant cDNA First 
Strand Synthesis Kit, and the obtained comple-
mentary DNA (cDNA) was used as the template 
for PCR. The qRT-PCR assay was performed on 
an Applied Biosystems 7500 Real-Time PCR 
System using SuperReal Fluorescent Quantitative 
Premix Reagent. The relative expressions of 
lncRNA TUG1 and miR-582-3p were analyzed 
according to the 2−ΔΔCt method. The primer 
sequences were as follows: miR-582-3p (F: 5ʹ- 
GCG CGT AAC TGG TTG AAC AAC-3ʹ; R: 5ʹ- 
GTC GTA TCC AGT GCA GGG TCC GAG GTA 
TTC GCA CTG GAT ACG ACG GTT CA-3ʹ), 
TUG1 (F: 5ʹ-TTC AGC AGG AAG GAT TCA 
GTT-3ʹ; R: 5ʹ-GCG AGC AGT CTA CAG CAA 
CC-3ʹ).

2.3. CCK-8 assay for detecting cell proliferation

Indicated groups of OC cells at logarithmic growth 
stage were digested with trypsin and prepared into 
cell suspensions of suitable concentration. Then, 
the cell suspension was inoculated at 5 × 103 cells/ 
well in 96-well plates with 100 μL of medium. The 
plates were foster 24, 48, 72 and 96 hours, and 
10 μL CCK-8 added solution to each other well, 
followed by an additional 1 h incubation. The 
absorbance at 450 nm was measured with a micro-
plate reader.

2.4. Cell clone formation assay

When the indicated group of cells reached loga-
rithmic growth phase, cells were digested with 
trypsin. Suspended cells were added to 6 cm cell 
culture dishes at densities of 1500 cells/well, and 
the plates were put into a 37°C, 5% CO2 incubator 
for 14 days. Then, the cells washed away 2 times 
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with PBS and fixed in 4% paraformaldehyde for 
a half of one hour. One milliliter of a 0.1% crystal 
violet staining solution was added to each well, 
and the plates were stained for 10 min, photo-
graphed and counted.

2.5. Dual luciferase reporter assay

The lncRNA TUG1 wild-type (WT) or mutant 
(MUT) sequences containing a putative miR-582- 
3p binding site were inserted into the pmirGLO 
dual luciferase vector and named WT-TUG1 or 
MUT-TUG1, respectively. Then, using 
Lipofectamine 2000, A2780 co infectious cell with 
WT-TUG1 or MUT-TUG1 and miR-582-3p 
mimics or negative controls. Cells were harvested 
48 h post-transfection. Luciferase activity was 
detected using a dual luciferase reporter gene 
assay system according to the manufacturer’s 
instructions.

2.6. Western blot assays to determine p-AKT, 
AKT, p-mTOR and mTOR protein expression

Total protein was obtained by lysis in RIPA buffer 
for indicated group of cells or isolated tumor tis-
sues. Protein lysates were quantified using a BCA 
Protein Assay Kit, and then separated by SDS- 
PAGE. The proteins were transferred to PVDF 
membranes and then incubated with 5% skim 
milk. The membranes were incubated overnight 
at 4°C with primary antibodies and for 1 h with 
secondary antibodies. Primary antibodies included 
anti-p-AKT (used at a dilution of 1:2000), anti- 
AKT (1:1000), anti-p-mTOR (1:2000), anti-mTOR 
(1:5000) and anti-β-actin (1:1000). Secondary anti-
bodies were labeled with horseradish peroxidase 
and used at a dilution of 1:5000. Signals were 
observed with an enhanced chemiluminescence 
system. Protein expression levels were normalized 
using β-actin as a control.

2.7. Analysis of tumorigenesis in nude mice

Twenty 5-week-old SPF-grade female nude mice, 
weighing approximately 23 g, were randomly 
divided into four groups and kept in an SPF-grade 
sterile room with free access to food and water. After 
transfection, A2780 cells of each group in 

logarithmic growth phase were made into 1 × 107/ 
mL cell suspensions, and 200 μL of each cell suspen-
sion was inoculated under the skin of the left axilla of 
each group of nude mice, and tumor formation was 
detected the next day. The weights of the nude mice 
were recorded, and the length and width of tumors 
were measured every 7 days, and the tumor volume 
was calculated according to the equation 
volume = (length×width2)/2. The tumor growth 
curve was plotted as the transplantation tumor 
volume in each group. On the 28th day, the mice 
were sacrificed by cervical dislocation, and the 
tumors were removed. The experimental procedures 
involving animals were performed with the approval 
of the Ethics Committee of Shandong Provincial 
Hospital Affiliated to Shandong First Medical 
University (N0.2020–020).

2.8. Statistical analysis

Data were analyzed with SPSS 19. 0 statistical soft-
ware. The measurement data were expressed as 
mean ± standard deviation, and the paired t-test 
was used for intra-group comparisons that con-
formed to normal distribution and chi-squaredness, 
the unpaired t-test was used for inter-group compar-
isons, the one-way ANOVA was used for multi- 
group comparisons, the LSD-test was used for two- 
group comparisons, and the rank sum test was used 
for data that did not conform to normal distribution 
and chi-squaredness. Differences for which P < 0.05 
were considered statistically significant.

3. Results

In this study, low expression of miR-582-3p was 
noted in OC. Knockdown of miR-582-3p pro-
moted the proliferation and migration of OC 
cells, while overexpression inhibited them. 
lncRNA TUG1 was found to bind to miR-582- 
3p, and inhibition of lncRNA TUG1 decreased 
viability and migration and weakened the effect 
of miR-582-3p knockdown in OC cells. 
Implantation of OC cells with reduced miR-582- 
3p caused increased tumor growth, while lncRNA 
TUG1 knockdown suppressed tumor growth and 
relieved the impact of reduced miR-582-3p in vivo. 
Phosphorylation of AKT and mTOR were signifi-
cantly enhanced with decreased miR-582-3p 
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expression, but lncRNA TUG1 knockdown atte-
nuated this trend in vitro and in vivo. The novel 
miR-582-3p represses the malignant properties of 
OC via the AKT/mTOR signaling pathway by 
targeting lncRNA TUG1.

3.1. Decreased expression of miR-582-3p 
predicts a the prognosis of patients with ovarian 
cancer is not ideal

To determine the importance of miR-582-3p in the 
development of OC, we first examined the differential 
expression of miR-582-3p in OC tissues and cell lines. 
Results of qRT-PCR analyses indicated that the aver-
age expression of miR-582-3p in OC tissues was lower 
than that in benign ovarian tissues (Figure 1(a)), and 
that miR-582-3p was expressed at a reduced level in 
OC cell lines compared to the human ovarian epithe-
lial cell line IOSE (Figure 1(b)).

Next, we analyzed the overall survival curve relative 
to miR-582-3p expression in OC patients. To perform 
this analysis, we employed the Kaplan-Meier plotter, 

a TCGA-based tool that is used to assess the effect of 
genes (mRNA, miRNA, or protein) on survival in 
a variety of cancers. This analysis demonstrated that 
the overall survival period was shorter in ovarian 
cancer patients with low miR-582-3p expression 
than in those with high miR-582-3p expression 
(Figure 1(c)).

3.2 Decreased miR-582-3p promotes OC cell 
proliferation and migration in vitro

To elucidate the function of miR-582-3p in OC, we 
first achieved overexpression or knockdown of miR- 
582-3p in OC cells, A2780 and SKOV3, by the use of 
a miRNA mimic or inhibitor. The overexpression or 
knockdown effects were validated by qRT-PCR assay 
(Figure 2(a)). Next, we investigated the effect of miR- 
582-3p on OC cell proliferation by CCK-8 
(Figure 2(b)) and cell clone formation (Figure 2(c)) 
assays, which showed that overexpression of miR- 
582-3p inhibited cell proliferation. Conversely, silen-
cing of the expression of miR-582-3p consistently 

Figure 1. The miRNA miR-582-3p is expressed at relatively low levels in OC and predicts the prognosis in OC patients. (a) The 
expression of miR-582-3p was evaluated by qRT-PCR analysis of specimens from 39 cases of OC and 14 benign ovarian tissues from 
the GEO database (GSE53829). (b) Quantitative RT-PCR was performed to detect miR-582-3p expression in OC cell lines (A2780 and 
SKOV3) and the human ovarian epithelial cell line IOSE. (c) The overall survival of OC patients with high (n = 163) and low (n = 322) 
miR-582-3p expression was analyzed by the Kaplan-Meier plotter web application, which is based on the Cancer Genome Atlas 
database. *P < 0.05. Data are presented as mean ± standard deviation (SD).
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exhibited a promoting impact transwell analysis was 
used to analyze this problem assessment cell migra-
tory ability and revealed that overexpression of miR- 
582-3p inhibited migratory capacity, and inhibition of 
miR-582-3p enhanced it, in A2780 and SKOV3 cells 
(Figure 2(d)).

3.3 The lncRNA TUG1 acts as a molecular sponge 
for miR-582-3p and regulates miR-582-3p 
expression

To further investigate the underlying mechanism of 
miR-582-3p, bioinformatics tools were used to 

analyze correlations between the sequences of various 
lncRNA and miRNA molecules. We found hypothe-
tical mir-582-3p binding site within lncRNA 
(Figure 3(a)). This prediction was supported by the 
results of a dual luciferase reporter assay (Figure 3(b)). 
Here, overexpression of an miR-582-3p mimic 
resulted in decreased expression of a luciferase repor-
ter that contained the wild type sequence of lncRNA 
TUG1 but had no effect on the expression of 
a reporter with a mutation in the putative binding 
sequence. Conversely, we used shRNA technology to 
suppress lncRNA TUG1 expression in A2780 and 
SKOV3 cells and verified this suppression with 

Figure 2. The miRNA miR-582-3p modulates OC cell proliferation and migration in vitro. (a) Overexpression and inhibition of 
expression of miR-582-3p was verified by qRT-PCR assay. (b) CCK-8 and (c) cell clone formation assays were performed to measure 
cell proliferation. (d) A transwell assay was used to assess cell migratory abilities. *P < 0.05. Data are presented as mean ± SD.

Figure 3. The long non-coding RNA TUG1 acts as a molecular sponge for miR-582-3p. (a) StarBase was used to predict the binding 
site between lncRNA TUG1 and miR-582-3p. (b) A dual luciferase reporter assay was used to determine the direct correlation 
between lncRNA TUG1 and miR-582-3p. (c) Inhibition of expression of lncRNA TUG1 was verified by qRT-PCR assay. (d) A qRT-PCR 
assay was used to evaluate induction of expression of miR-582-3p by knockdown of lncRNA TUG1. *P < 0.05. Data are presented as 
mean ± SD.
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qPCR (Figure 3(c)). This attenuation of lncRNA 
TUG1 expression resulted in the upregulation of 
miR-582-3p expression (Figure 3(d)).

3.4 The oncogenic effect of diminished miR-582- 
3p expression is attenuated by knockdown of 
lncRNA TUG1 and activation of the AKT/mTOR 
signaling pathway

We next sought to investigate whether lncRNA TUG 
was responsible for the enhanced proliferation and 
migration induced by diminished miR-582-3p. We 
silenced lncRNA TUG1 in A2780 and SKOV3 cells 
and found that inhibition of lncRNA TUG1 could 
abolish the role of decreased miR-582-3p in 

promoting cell proliferation (Figure 4(a,b)) and 
migration (Figure 4(c)). Therefore, we conclude that 
silenced lncRNA TUG1 plays a role in inhibiting cell 
proliferation and migration ability in OC cells.

As the AKT/mTOR signaling pathway has 
recently been found to play a critical role in med-
iating the development of OC, it represents 
a potential target of these RNA-dependent effects. 
To address whether the AKT/mTOR signaling 
pathway is regulated by miR-582-3p, we detected 
the protein levels of AKT and mTOR and the 
phosphorylation status of these proteins. 
Accordingly, signals representing phosphorylated 
AKT (p-AKT) and p-mTOR were significantly 
enhanced in cells in which miR-582-3p was 

Figure 4. Silenced miR-582-3p promotes the activity of the AKT/mTOR signaling pathway, and this effect is attenuated by lncRNA 
TUG1 knockdown. (a, b) Cell viability was evaluated with the CCK-8 (a) and cell clone formation (b) assays. (c) The Transwell assay 
was performed to measure the migration ability. (d) Western blot analysis of p-AKT, AKT, p-mTOR and mTOR from OC cell lysates. 
*P < 0.05. Data are presented as mean ± SD.
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under expressed. Further confirming the relation-
ships demonstrated above, knockdown of lncRNA 
TUG1 attenuated the effect of decreased miR-582- 
3p expression in OC cells (Figure 4(d)).

3.5. The lncRNA TUG1 decreases miR-582-3p 
expression and promote test tumor growth in 
vivomiR-582-3p on OC growth in vivo

Nude mice were implanted with A2780 cells that 
were expressing different levels of miR-582-3p and 
lncRNA TUG1. Analyses of the subsequent tumors 
demonstrated that silenced miR-582-3p caused 
a significantly increased tumor growth, including 
tumor volume and weight; however, knockdown 
of lncRNA TUG1 remarkably suppressed these 
effects. Moreover, as compared with tumors 
under expressing only miR-582-3p, tumors in 
which both miR-582-3p and lncRNA TUG1 were 

knocked down showed increased tumor volume 
and weight (Figure 5(a,b)). In addition, implanta-
tion of OC cells with silenced miR-582-3p gener-
ated tumors with lower expression of miR-582-3p, 
while lncRNA TUG1 knockdown caused enhanced 
expression of miR-582-3p and relieved the impact 
of reduced miR-582-3p (Figure 5(c)). 
Phosphorylation of AKT and mTOR in vivo exhib-
ited a trend similar to that observed in vitro in that 
lower expression of miR-582-3p in tumors corre-
lated with enhanced activity in this pathway, and 
this effect was offset by knockdown of lncRNA 
TUG1 (Figure 5(d)).

4. Discussion

Although some molecular mechanisms of the 
initiation and progression of OC have been eluci-
dated in recent years, especially regarding novel 

Figure 5. Silenced miR-582-3p promotes tumor growth in vivo. (a) Tumor volume was measured at various time points as indicated. 
(b) Isolated tumor weight was determined after animals were sacrificed (n = 5). (c) The expression of miR-582-3p in tumors was 
evaluated by qRT-PCR analyses. (d) Western blot analysis of p-AKT, AKT, p-mTOR and mTOR from isolated tumors. *P < 0.05. Data are 
presented as mean ± SD.
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roles of miRNA [11,12,28], mechanisms of pro-
gression of this important disease are still incom-
pletely understood. The roles of miRNA are of 
particular interest, as dysregulation of miRNA 
metabolism is involved in almost every process 
leading to carcinogenesis and progression, includ-
ing proliferation, apoptosis, migration, invasion, 
angiogenesis, and metastasis [8–10]. Accordingly, 
many studies have evaluated the expression pro-
files of miRNAs in tissue and serum samples from 
OC patients to find appropriate biomarkers for 
this malignancy. Functional assays have also con-
firmed the oncogenic or inhibitory effects of sev-
eral miRNAs in OC. As miRNAs have such a wide 
range of potential functions, we expect that addi-
tional biomarkers and therapeutic targets will be 
identified in the near future. In the present 
research, we concentrated on miR-582-3p and 
aligned it with its upstream regulator lncRNA 
TUG1 and downstream target, the AKT/mTOR 
signaling pathway, to explore the behavior of this 
miRNA in the biology of ovarian cancer.

Studies of miRNAs have demonstrated two dif-
ferent patterns of changes in miRNA expression in 
cancer, specifically increased and decreased 
expression, and different miRNAs function as 
tumor suppressor genes or oncogenes in different 
settings [29,30]. Therefore, we first examined 
miR-582-3p expression in OC cell lines, and the 
results showed that miR-582-3p was expressed at 
relatively low levels in two OC cell lines, A2780 
and SKOV3. This finding is consistent with the 
trend of low miR-582-3p expression in prostate 
cancer and liver cancer that has been reported 
[14,16]. Next, based on a large sample of cases in 
the TCGA database, we determined that low 
expression of miR-582-3p in OC correlated with 
lower survival times. These results suggest that 
miR-582-3p functions as a tumor suppressor 
gene in OC and that strategies to alter this dysre-
gulated expression may have positive clinical 
implications.

To investigate the possible mechanism by which 
low expression of miR-582-3p acts as a tumor 
suppressor gene in OC, we achieved overexpres-
sion or silencing of expression of miR-582-3p in 
OC cells through the transfection of miRNA 
mimics or inhibitors, and then examined the 
effects of these alterations on the proliferation 

and migration of ovarian cancer cells. Cell prolif-
eration is closely related to tumor development, 
and one of the characteristics of malignant tumor 
cells is the ability to proliferate indefinitely. The 
generation and release of pro-cell growth signals in 
normal tissues can be precisely controlled, thus 
ensuring that cell proliferation and differentiation 
proceed cyclically and maintaining a balance in 
cell numbers. However, the continuous production 
of cell proliferation signals are one of the main 
features of malignant tumors, which cannot 
achieve negative feedback regulation. This aber-
rant production is manifest as unlimited division 
and proliferation and continuous stimulation of 
proliferative signals [31]. Here, the results of 
CCK-8 and cell clone formation experiments 
showed that overexpression of miR-582-3p inhib-
ited OC cell proliferation, and accordingly, silen-
cing of expression of miR-582-3p exhibited 
a promoting impact.

Cell migration is another key component of 
pathological processes, such as local dissemination 
of malignant tumors, and abnormal expression of 
adhesion molecules within tumor cells or defective 
development of the cytoskeleton can cause 
changes in their migratory behavior. It is particu-
larly important to study cell migration in OC 
because the pathway of OC metastasis is mainly 
abdominopelvic dissemination and implantation 
metastasis, and most patients have already devel-
oped extensive intra-abdominal metastases at the 
time of consultation [32]. The transwell analysis 
was used to analyze and evaluate the cell migratory 
ability and revealed that overexpression of miR- 
582-3p inhibited migratory capacity, and inhibi-
tion of miR-582-3p enhanced it in A2780 and 
SKOV3 cells. Taken together, these results suggest 
that miR-582-3p inhibits the proliferation and 
migratory capacity of ovarian cancer cells in vitro.

Two types of non-coding RNAs, lncRNAs and 
miRNAs, form complex regulatory networks, and 
we next identified and validated the miR-582-3p- 
binding ability of an lncRNA. By bioinformatic 
prediction, we identified lncRNA TUG1 as 
a potential partner and validated the binding 
between lncRNA TUG1 and miR-582-3p based 
on dual luciferase assays. Numerous studies have 
reported that lncRNAs can act as ceRNAs, recruit-
ing bound miRNAs through the ‘sponge 
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adsorption effect’ and inhibiting the functions of 
the target miRNAs [22–24]. To test the applicabil-
ity of this mechanism to the miR-582-3p/TUG1 
relationship, we designed a ‘functional backfill’ 
experiment. The results showed that inhibition of 
lncRNA TUG1 could abolish the role of decreased 
miR-582-3p in promoting cell proliferation and 
migration ability. Meanwhile, silencing of 
lncRNA TUG1 alone plays a role in inhibiting 
cell proliferation and migration ability in OC 
cells. These results are consistent with a model in 
which lncRNA TUG1 promotes ovarian carcino-
genesis through competitive inhibition of miR- 
582-3p.

Given that the PI3K/AKT/mTOR signaling 
pathway is frequently mutated in ovarian cancer, 
we further examined whether the pathway was 
regulated by miR-582-3p. The results showed 
that the phosphorylation of AKT and mTOR 
were significantly enhanced in cells with miR- 
582-3p under-expression. However, lncRNA 
TUG1 knockdown attenuated this trend, confirm-
ing that the AKT/mTOR signaling pathway was 
further activated when low expression of miR-582- 
3p exerted a pro-oncogenic effect. In addition, we 
verified the function and role of miR-582-3p 
in vivo by tumorigenic assays in nude mice. The 
results were consistent with in vitro results, indi-
cating that miR-582-3p can bind to the upstream 
regulator lncRNA TUG1 and affect the activation 
state of the downstream AKT/mTOR signaling 
pathway.

In summary, in this study, we demonstrated that 
the expression level of mir-582-3p was relatively 
lowin ovarian cancer cells and that low miR-582-3p 
expression in patients with ovarian cancer with worse 
survival. Knockdown of miR-582-3p promotes the 
proliferation and migration ability of ovarian cancer 
and activates the downstream AKT/mTOR signaling 
pathway, and this promotion is partially abrogated by 
the knockdown of upstream lncRNA TUG1.

5. Conclusion

The correlations of miR-582-3p expression and its 
interactions with lncRNA TUG1 with AKT/mTOR 
signaling and ovarian cancer outcomes suggest 
that the lncRNA TUG1/miR-582-3p/AKT/mTOR 

axis may be used as a novel prognostic biomarker 
and therapeutic target in OC.

Highlights

Low expression of miR-582-3p was noted in OC.
miR-582-3p represses the malignant properties of OC via 

the AKT/mTOR signaling pathway.
miR-582-3p targets lncRNA TUG1.
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