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ARTICLE INFO ABSTRACT

Keywords: Background: Ovarian cancer is one of the most common female cancers, with a high incidence worldwide.
miR-362-3p Aberrant expression of low-density lipoprotein (LDL) receptor-related protein 8 (LRP8) and microRNA (miR)-
L . 362-3p is involved in the pathogenesis of different cancers.

grjxta;l cancer Methods: We aimed to elucidate the underlying mechanism of the miR-362-3p-LRP8 axis in ovarian cancer.

Quantitative reverse transcription-polymerase chain reaction (QRT-PCR) was used to examine miR-362-3p and
LRP8 expression in ovarian cancer tissues and cells. The luciferase assay was used to determine the relationship
between miR-362-3p and LRP8. The function of overexpression of miR-362-3p and LRP8 was determined by
assessing the cell viability using the cell counting kit 8 (CCK-8) assay, proliferation using 5’'-bromo-2'-deoxy-
uridine (BrdU) assay, migration using wound healing assay, invasion using transwell assay, and the protein
expression levels of matrix metalloproteinase (MMP)-2, MMP9, and integrin o5 or pl using western blotting
assays in ovarian cancer cells.

Results: miR-362-3p expression levels were decreased in ovarian cancer tissues and cells and negatively corre-
lated with LRP8 levels. Overexpression of miR-362-3p dramatically repressed cell growth. Furthermore, over-
expression of LRP8 significantly facilitated the proliferation, migration, and invasion of ovarian cancer cells,
which counteracted the inhibitory effect of miR-362-3p on ovarian cancer cell growth.

Conclusions: We reported that miR-362-3p hampered cell growth by repressing LRP8 expression in ovarian cancer
cells. Our results provide new insights into ovarian cancer, involving both miR-362-3p and LRP8, which can be
used as potential biomarkers for the treatment of ovarian cancer.

Cancer treatment

including cervical, breast, and renal cancers [8,9]. Evidence has shown
that miR-362-3p represses cell growth and elevates cell apoptosis by
inhibiting nemo-like kinase in renal cancer cells [8]. Additionally,

Introduction

Ovarian cancer is one of the most common female cancers, with a

high incidence worldwide [1]. Unfortunately, at least 70% of patients
with ovarian cancer have a poor prognosis and low survival rate [2].
With the development of clinical treatment by surgery, radiotherapy,
and chemotherapy, patients with ovarian cancer at an early stage often
have a better prognosis. However, patients at advanced stages show a
high recurrence rate and poor prognosis [3]. Therefore, it is to necessary
to find effective therapeutic targets for the diagnosis and treatment for
patients with ovarian cancer by exploring the pathogenesis of this
disease.

MicroRNAs (miRNAs) containing 19-24 nucleotides bind to the
target gene 3 untranslated regions (UTRs) and inhibit gene expression
[4,5]. Many studies have suggested that miRNAs are closely related to
biological processes, such as cell growth and apoptosis [6,7].
MiR-362-3p regulated cellular progression in many cancer types,
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miR-362-3p inhibits the human ether-a-go-go-related gene (hERG)
expression and suppresses the development of breast cancer [9].
Notably, miR-362-3p is associated with the development of ovarian
cancer [10]. Studies have reported that miR-362-3p reduces cell growth
by reducing the expression of myeloid differentiation factor (MyD)—88
in ovarian cancer [10]. To the best of our knowledge, this study is the
first to report that miR-362-3p might inhibit the development of ovarian
cancer; however, the underlying mechanism of miR-362-3p-LRP8 re-
mains unknown.

Low-density lipoprotein (LDL) receptor-related protein 8 (LRP8)
gene is located on chromosome 1p32.3, and consists of 22 exons. It
encodes a member of the low-density lipoprotein receptor (LDLR) fam-
ily, which plays a critical role in the migration of neurons during
development by mediating reelin signaling [11-13]. Abnormal LRP8
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expression is associated with cancer progression [12,14]. For instance,
the expression of LRP8 is enhanced in breast cancer, which facilitates
cell growth and predicts a poor prognosis in patients with breast cancer
[14]. Another study also clarified that LRP8 significantly accelerated the
growth of triple-negative breast cancer stem cells [12]. However, the
effect of LRP8 on the development of ovarian cancer remains unclear.

In this study, we sought to elucidate the interactome of miR-362-3p-
LRP8 in ovarian cancer. We hypothesized that miR-362-3p might
hamper the cell growth, migration, and invasion of ovarian cancer cells
by repressing LRP8 expression. Our study may provide a good potential
therapeutic approach for patients with ovarian cancer.

Materials and methods
Tissue specimens, cells culture, and transfection

Tissues, including tumor and normal tissues, were collected from
patients with ovarian cancer (n = 32) from our hospital with informed
consent. Human ovarian cancer cells (CaOV3 and SKOV3) were pro-
vided by the American Type Culture Collection (ATCC) (Manassas, VA,
USA) and maintained in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum (FBS) (Gibco, USA) at 37 °C and 5%
carbon dioxide (CO3). Transfectants, including the LRP8 overexpression
plasmid and empty vector, miR-362-3p mimic, and mimic NC, were
purchased from RiboBio (Guangzhou, China). CaOV3 and SKOV3 cells
were transfected with them using Lipo3000 (Invitrogen, USA) for 48 h
and then subjected to other experiments.

Quantitative reverse transcription-polymerase chain reaction (QRT-PCR)

Total RNA from ovarian tissues and cells was isolated using Trizol
(Invitrogen, USA), and reverse transcribed to cDNA using TransScript
One-Step gDNA Removal and cDNA Synthesis SuperMix (Cat#:
AT311-02; Transgene, China). Finally, cDNA was performed using SYBR
Premix Ex Taq (Takara, Japan) to measure the LRP8 expression. miRNA
from ovarian tissues and cells was isolated using Isolation Kit (Thermo
Fisher, USA), and RNA was reverse transcribed to cDNA using the
TagMan MicroRNA Reverse Transcription Kit (Thermo, USA). Finally,
cDNA was performed using the TagMan OpenArray Real-Time PCR
Master Mix (Thermo Fisher, USA) to measure miR-362-3p expression.
The 2-*2¢ method was used to analyze LRP8 and miR-362-3p expres-
sion normalized to glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and U6, respectively. The primers used are listed in Table 1.

Cell counting kit 8 (CCK-8) detection

Approximately 5 x 10° transfected CaOV3 and SKOV3 cells were
seeded into 96-well plates. Cell viability was examined using a CCK-8 kit
(Cat#: C0037; Beyotime, China). Before 24, 48, and 72 h, 10 pL. CCK-8
solution was added to the plates and incubated for 2 h in a cell culture
incubator. Finally, ODy459 was detected on a multimode-plate reader
(Thermo Fisher, USA).

Table 1
The PCR primers used in this study.
Gene Primers sequence (5'—3')
miR-362-3p F: AACACACCTATTCAAGGATTCA
R: ACGTGACACGTTCGGAGAATT
U6 F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT
LRP8 F: TCCTGCCGAGAAGTTAAGCTG

R: AAGAACGCAAGTCCCATCCC
F: CATGGCCTTCCGTGTTCCTA
R: TGTCATCATACTTGGCAGGTTT

GAPDH
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5'-bromo-2'-deoxyuridine (BrdU) detection

Approximately 2 x 10* transfected CaOV3 and SKOV3 cells were
seeded into 96-well plates. Cell proliferation was examined using a BrdU
kit (Cat#: 6813; CST, USA). When the cells reached 70% density, they
were cultured in BrdU (Cat#: 6813, CST, USA) labeling solution for 6 h
of incubation. Afterwards, the cells were fixed and denatured using a
fixation/denaturation solution. Then, the cells were incubated with the
BrdU antibody for 2 h. Subsequently, the secondary horseradish
peroxidase (HRP)-mouse antibody was used to incubate the cells for
another 2 h. Finally, the cells were treated with the HRP substrate,
tetramethylbenzidine (TMB), and OD4s5 was detected on a multimode-
plate-reader (Thermo Fisher, USA).

Wound healing detection

Approximately 2 x 10* transfected CaOV3 and SKOV3 cells were
seeded into 6-well plates. When cells reached up to 70% density, a
scratch across the plate was made using a sterile pipette, at the same
time, the redundant cells were washed away. At 0 and 24 h, images were
obtained under a light microscope, and the distance of the cell migration
was recorded.

Cell invasion detection

Matrigel (Corning, USA) was added to the upper transwell chamber
(Cat#: #3244; Coring, USA) of 6-well plates, and 10% FBS-containing
medium was added to the lower chambers. The transfected CaOV3
and SKOV3 cells were seeded into the upper chamber. After 48 h, the
invaded cells were fixed with 4% paraformaldehyde and treated with
0.1% crystal violet for 20 min. Invasive cells were photographed under a
microscope and counted.

Luciferase detection

The pmiRGLO vectors containing LRP8 3'-UTRs wild type (WT) or
mutant (MUT) sequences were purchased from Genechem (Shanghai,
China). Approximately 5 x 10% CaOV3 and SKOV3 cells were seeded in
24-well plates overnight. Next, the cells were treated with pmiRGLO
LRP8 3'-UTR WT, MUT1, or MUT2 plasmids, and miR-362-3p mimic or
NC was used to treat the cells using Lipo3000. After 48 h, the luciferase
assay kit (Cat#: RG027; Beyotime, China) was used to examine the
relative luciferase activity normalized to renal luciferase activity.

RNA pull-down assay

Biotin-labeled miR-362-3p probe (Bio-miR-362-3p) and negative
control probe (Bio-NC), purchased from Sangon (Shanghai, China), were
incubated with magnetic beads at 4 °C overnight. CaOV3 and SKOV3
cells were lysed, and lysates were collected. Then, the cell lysates were
incubated with magnetic beads for 1 h at 25 °C. After purification,
mRNA enrichment was detected using qRT-PCR.

Animal models

The animal experiments in this study were approved by the Animal
Ethics Committee of our hospital and were carried out in accordance
with the relevant guidelines and regulations of the Animal Protection
and Use Committee. Five-week-old female nude mice purchased from
Hunan SJA Laboratory Animal Company (Hunan, China) were housed in
a room free of specific pathogens. Cell suspensions of CaOV3 cells
transfected with miR-362-3p mimic or mimic-NC were stably injected
into the subcutaneous area of nude mice at a dose of 2 x 10° cells/100
pL. From day 8, tumor size was measured weekly and tumor volume was
calculated, with V = 0.5 x length x width?. After 29 d, the mice were
sacrificed for tumor weight detection and immunohistochemical
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analysis.
Ki67 staining assay

Xenograft tumors were fixed with 10% formaldehyde, embedded in
paraffin, sliced, dewaxed, and hydrated. Citrate buffer (0.01 M) was
used to measure antigen retrieval, and hydrogen peroxide (H205) solu-
tion (3%) was incubated with sections at 25 °C for 15 min. Subsequently,
goat serum (5%) was incubated with the sections for 30 min at 25 °C.
The sections were then incubated with the primary anti-Ki67 antibody
(1:100; Geneseed Biotech, Guangzhou, China) overnight at 4 °C, and
with the secondary antibody for 30 min at 25 °C. After staining with
diaminobenzidine (DAB) and hematoxylin, the sections were sealed
with neutral resin. The Ki67 positive signal was observed under a mi-
croscope (Olympus, Tokyo, Japan).

Western blotting analysis

Proteins from transfected CaOV3 and SKOV3 cells were isolated by
incubating with the radioimmunoprecipitation assay (RIPA) buffer
(Cat#: #20-188; Sigma, USA) on ice for 30 min. The same quantity of
proteins was separated by 10% sodium dodecyl sulfate-polyacrylamide
gel (SDS-PAGE), and proteins on the gel were transferred to poly-
vinylidene fluoride (PVDF) membranes. Membranes were blocked with
5% bovine serum albumin (BSA) in Tris-buffered saline with Tween 20
(TBST), and anti-LRP8 (1:1000, Cat#: ab235909), anti-MMP2 (1:1000,
Cat#: ab181286), anti-MMP9 (1:1000, Cat#: ab228402), anti-integrin
a5 or Bl polyclonal (1:500, Cat#: BS-2016R; Thermo Fisher Scientific,
USA), and anti-GAPDH (1:2000, Cat#: ab8245) antibodies were used to
incubate the membranes overnight at 4 °C. The secondary antibodies,
anti-HRP-Rabbit for LRP8 and anti-HRP-Mouse for GAPDH, were used to

A
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incubate the membranes for 1 h. All antibodies were obtained from
Abcam (Cambridge, UK). An enhanced chemiluminescence system
(Pierce Biotech, USA) was used to develop the protein bands. Relative
LRP8 protein expression was normalized to that of GAPDH.

Statistical analysis

The data in this study were analyzed by paired t-test and one-way
analysis of variance (ANOVA) for comparison of two groups and mul-
tiple groups, respectively, using GraphPad 8.0 (GraphPad, USA). The
correlation between miR-362-3p and LRP8 was analyzed using Pear-
son’s correlation analysis. Data are presented as the mean + standard
deviation (SD) from triplicate experiments. Statistical significance was
set at P < 0.05.

Results
Potential regulator in ovarian cancer: miR-362-3p-LRP8 axis

GSE119055 miRNA profiling in ovarian cancer was analyzed and 27
significantly downregulated miRNAs were identified using the criteria of
adjusted P < 0.05, and logFC < -1.5. The top five most significantly
downregulated miRNAs are shown in Fig. 1A. We identified it as a sig-
nificant tumor suppressor [9,15,16]. In 2020, the tumor suppressor role
of miR-362-3p in ovarian cancer was reported for the first time [10].
Nonetheless, the role of miR-362-3p in ovarian cancer has not been
thoroughly studied. Thus, we intended to conduct a study to investigate
its function in ovarian cancer. To identify a downstream effector in
ovarian cancer, we first predicted the targets of miR-362-3p based on the
miRDB database. Then, we analyzed the mRNA profiling in ovarian
cancer from the GSE23392 data series (criteria: adjusted P < 0.01, logFC

B GEPIA OV mRNA profiling  Target mRNAs of miR-362-3p
adjusted P<0.01, logFC>=1.5 obtained from miRDB database

ID adjusted P value logFC miRNA ID
20501252 0.000185 -7.6959288 hsa-miR-383-5p Sox17
20517704 0.023007 -4.7264139 hsa-miR-4324 CLDN16
20503879 0.011436 -4.2205063 hsa-miR-502-5p RORRA
20501202 0.02311 -4.0582823 hsa-miR-362-3p \'{szgg
20500182 0.031628 -3.785004 hsa-miR-99a-3p LRPS
GSE23392 mRNA profiling
adjusted P<0.01, logFC>=1.5
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Fig. 1. miR-362-3p and LRP8 were speculated to be critical participants in OV.

(A) The significantly downregulated miRNAs (top 5) from GSE119055 data analysis, given in a downregulation descending order. (B) The intersection between the
DEGs list of GEPIA OV data, the DEGs list of GSE23392 data analysis, and the predicted results of the targets of miR-362-3p from miRDB database. (C) RNA pull-down
assay was used to assess the enrichment of SOX17, CLDN16, PERP, AURKA, WDR72, MACC1, and LRP8 in Bio-miR-362-3p or Bio-NC. (D) The progression-free
survival prognosis result of OV patients from kmploter OV data (http://kmplot.com/, [29]).
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> 1.5), and obtained 1693 differentially expressed genes (DEGs).
Another DEG list was obtained from Gene Expression Profiling Interac-
tive Analysis (GEPIA) ovarian cancer data (criteria: adjusted P < 0.01,
logFC > 1.5). We intersected the three datasets, and seven genes were
identified: SRY-box transcription factor 17 (SOX17), claudin 16
(CLDN16), p53 apoptosis effector related to PMP-22 (PERP), Aurora
kinase A (AURKA), WDR72, metastasis-associated in colon cancer 1
(MACC1), and LRP8 (Fig. 1B). Moreover, RNA pull-down assay was used
to explore the degree of enrichment of these genes in Bio-miR-362-3p.
The results showed that LRP8 had the highest enrichment level in the
Bio-miR-362-3p group (Fig. 1C). Furthermore, a high level of LRP8 was
shown to predict poor progression-free survival outcomes among pa-
tients with ovarian cancer (Fig. 1D). In addition, LRP8 has been iden-
tified as a tumor driver in breast cancer [12,14]. Nonetheless, the role of
LRP8 in ovarian cancer has not yet been reported. Thus, we aimed to
study the potential role of the miR-362-3p-LRP8 axis in ovarian cancer.

miR-362-3p hampered the proliferation, migration, and invasion of
ovarian cancer cells

We first found that miR-362-3p levels were reduced by 50% in
ovarian cancer tissues (Fig. 2A). Because CaOV3 and SKOV3 cells had
the lowest levels, we transfected the miR-362-3p mimic and mimic-NC
into CaOV3 and SKOV3 cells. The results illustrated that the mimic
groups promoted approximately 6-fold and 8-fold miR-362-3p levels
compared with NC groups in CaOV3 and SKOV3 cells, respectively
(Fig. 2B). For functional studies, the mimic groups conspicuously pre-
vented cell viability compared to the NC groups in both cells (Fig. 2C).
Furthermore, the mimic groups showed approximately 50% repressed
cell proliferation compared to the NC groups in both cells (Fig. 2D). On
the other hand, the mimic groups showed nearly 30% and 60%
decreased cell migration compared with NC groups in CaOV3 and
SKOV3 cells, respectively (Fig. 3A). Moreover, the mimic groups dis-
played the same tendency of cell invasion as the NC groups in both cell
types (Fig. 3B). Moreover, the protein expression levels of invasion
markers (matrix metalloproteinase (MMP)—2, MMP-9 and o5/p1-
integrin) were detected by western blotting. The protein levels of MMP-
2, MMP-9, integrin-a5, and integrin-f1 were lower in the mimic group
than the NC group (Fig. 3C). Taken together, miR-362-3p hampered the
growth of ovarian cancer cells.
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miR-362-3p inhibited ovarian cancer growth in vivo

The effect of miR-362-3p on ovarian cancer was monitored by in vivo
experiments in nude mice. The tumor growth curve showed a significant
reduction in tumor volume in the mimic group compared to that in the
mimic-NC group (Fig. 4A). In addition, tumor dissection and weight
measurement showed that miR-362-3p overexpression reduced the
tumor size and weight (Fig. 4BC). The expression of Ki67 in xenograft
tumor tissues was detected using IHC. Compared with the mimic-NC
group, the positive signal of Ki67 was decreased in the mimic group
(Fig. 4D). These data suggest that miR-362-3p inhibits the growth of
ovarian cancer in vivo.

LRP8 was a target of miR-362-3p

Two binding sequences between LRP8 and miR-362-3p are shown in
Fig. 5A using TargetScan Human 7.2. Thus, we transfected WT LRP8 3'-
UTR and the two mutant LRP8 3'-UTR plasmids, and miR-362-3p-mimic
or NC into CaOV3 and SKOV3 cells. The results showed that the lucif-
erase activities of LRP8 3'-UTR WT and mimic groups decreased by 50%,
while one of the mutant LRP8 3'-UTR plasmids with mimic treatment
showed nearly 20% downregulated luciferase activity, and the mutant
LRP8 3'-UTR plasmid groups showed no difference in both cells
(Fig. 5B). In addition, LRP8 expression in the ovarian cancer tumor
tissues showed approximately 4-fold upregulation compared to that in
the normal tissues (Fig. 5C). At the same time, a negative correlation
between miR-362-3p and LRP8 expression in ovarian cancer tumor tis-
sues was observed (Fig. 5D). To corroborate the role of the miR-362-3p-
LRP8 axis in ovarian cancer, we further transfected LRP8 overexpression
(OE), OE-empty vector, miR-362-3p mimic, mimic-NC, and OE+ mimic
into CaOV3 and SKOV3 cells. The results showed a nearly 1.5-fold in-
crease in LRP8 protein expression in the OE groups, while 40%
decreased LRP8 protein expression in the mimic groups in both cell
lines. However, there was no difference in LRP8 protein expression be-
tween the OE+ mimic group and the OE-empty vector or mimic-NC
groups (Fig. 5E).

miR-362-3p targeting LRP8 suppressed the proliferation, migration, and
invasion of ovarian cancer cells

We further examined the function of the miR-362-3p-LRP8 axis in

Fig. 2. MiR-362-3p inhibited cell viability and prolif-
eration of ovarian cancer cells.

(A) RT-qPCR detection of miR-362-3p expression in
ovarian cancer tissues and normal tissues. (B) Mea-
surement of miR-362-3p expression in CaOV3 and
SKOV3 cells transfected with mimic-NC and miR-362-
3p mimic by RT-qPCR. (C) Cell viability was detected
in CaOV3 and SKOV3 cells transfected with mimic-NC
and miR-362-3p mimic by CCK-8 assay. (D) Cell pro-
liferation was detected in CaOV3 and SKOV3 cells
transfected with mimic-NC and miR-362-3p mimic. **,
P < 0.001. NC, negative control; mimic, miR-362-3p
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Fig. 3. MiR-362-3p inhibited cell migration
and invasion of ovarian cancer cells.

(A) Cell migration was detected in CaOV3 and
SKOV3 cells transfected with mimic-NC and
miR-362-3p mimic. (B) Cell invasion was
detected in CaOV3 and SKOV3 cells transfected
with mimic-NC and miR-362-3p mimic. (C)
MMP-2, MMP-9, integrin-a5 and integrin-p1
protein level were measured by western blot
assay in CaOV3 and SKOV3 cells transfected
with mimic-NC and miR-362-3p mimic. *, P <
0.05; **, P < 0.001. NC, negative control;
mimic, miR-362-3p mimic.

Fig. 4. MiR-362-3p inhibited OV growth in
vivo.

(A) The xenograft tumor volume in nude mice
injected with CaOV3 treated with mimic-NC or
mimic were monitored. (B) The xenograft tu-
mors in each mice were photographed. (C)
xenograft tumor weight in nude mice were
detected. (D) Ki67 expression in xenograft tu-
mors was measured by IHC assay. *, P < 0.05;
** P < 0.001. NC, negative control; mimic,
miR-362-3p mimic.
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Fig. 5. LRP8 was a target of miR-362-3p.

(A) Bioinformatics analysis showed the pre-
dicted binding sequences of LRP8 3'-UTR. (B)
Dual luciferase assay was performed in cells co-
transfected with plasmids LRP8-WT or LRP8-
MUT1 or LRP8-MUT2 and miR-NC or miR-
362-3p mimic in CaOV3 and SKOV3 cells. (C)
RT-qPCR analysis of LRP8 expression in ovarian
cancer tissues and normal tissues. (D) Correla-
tion analysis between the miR-362-3p expres-
sion and LRP8 expression in the ovarian cancer
tumor tissues. (E) Measurement of LRP8 protein
expression in CaOV3 and SKOV3 cells trans-
fected with OE-empty vector, mimic-NC, OE,
mimic and mimic+ OE by western blot. *, P <
0.05; **, P < 0.001. WT, wild-type; MUT,
mutant; NC, negative control; OE, LRP8 over-
expression; mimic, miR-362-3p mimic; mimic+
OE, miR-362-3p mimic+ LRP8 overexpression.

Fig. 6. MiR-362-3p targeting LRP8 repressed
cell viability and proliferation of ovarian cancer
cells.

(A) Cell viability was detected in CaOV3 and
SKOV3 cells transfected with OE-empty vector,
mimic-NC, OE, mimic and mimic+ OE by CCK-
8 assay. (B) Cell proliferation was detected in
CaOV3 and SKOV3 cells transfected with OE-
empty vector, mimic-NC, OE, mimic and mim-
ic+ OE by BrdU assay. *, P < 0.05; **, P <
0.001. NC, negative control; mimic, miR-362-
3p mimic; OE, LRP8 overexpression; mimic+
OE, miR-362-3p mimic+ LRP8 overexpression.
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ovarian cancer and found that the OE groups displayed accelerated cell
viability compared with OE-empty vector groups, while cells transfected
with mimic+ OE counteracted the oncogenic effect of LRP8 over-
expression (Fig. 6A). In addition, the OE groups showed approximately
1.5-fold enhanced cell proliferation compared with the OE-empty vector
groups, while cells transfected with mimic+ OE reversed the effect of
LRP8 overexpression (Fig. 6B). Furthermore, the OE groups displayed a
1.3-fold increase in cell migration compared with the OE-empty vector
groups, while the mimic+ OE groups showed no effect (Fig. 7A).
Additionally, the OE groups showed a 2-fold increase in cell migration
compared with the OE-empty vector groups, while the effect in the
mimic+ OE groups was diminished (Fig. 7B). Finally, western blot
analysis showed that compared with OE-empty vector groups, the pro-
tein levels of MMP-2, MMP-9, integrin-a5, and integrin-p1 in the OE
groups were increased, while no significant changes were observed in
the mimic+ OE groups (Fig. 7C). Collectively, these results suggest that
miR-362-3p targeting LRP8 suppresses the proliferation, migration, and
invasion of ovarian cancer cells.

mimic-NC mimic OE+mimic

60

CaOVv3
tion rate (%)
°© 8 3

SKOV3

Cell migration rate (%) Cell migra
[
o

B OE-emtpy
vctgr
BELmS 80

[0
o

Number of invasive
cells (/ffield)
EN
=)

= OE-emtpy vector =2 OE
= mimic-NC @ mimic
80 @ OE+mimic

Translational Oncology 15 (2022) 101284

Discussion

We found that miR-362-3p levels were reduced, while LRP8 levels
were significantly upregulated in ovarian cancer tissues and cells.
Overexpression of miR-362-3p inhibited ovarian cancer cell prolifera-
tion, migration, and invasion, but upregulation of LRP8 had the opposite
effect in ovarian cancer cells. Mechanistically, miR-362-3p reduced cell
growth by suppressing the expression of LRP8 in ovarian cancer cells.

Recently, there has been increasing evidence that non-coding RNAs,
including miRNAs, long non-coding RNAs (IncRNAs), and circRNAs,
play important roles in a variety of biological processes, including cell
proliferation and apoptosis [17]. miRNA triggering is associated with
translation inhibition or mRNA degradation of single or multiple tran-
scripts [18]. IncRNAs/circRNAs may competitively bind to miRNAs
through their miRNA response components, thus modulating miRNA
target mRNA expression levels [19]. Therefore,
IncRNA/circRNA-miRNA-mRNA interactions may be an important
mechanism for cancer occurrence and development. This hypothesis
was verified in a study on miR-362-3p. For example, circMYLK increased
the expression of Rab23 by sponging miR-362-3p, thereby promoting
the proliferation, invasion, and migration of hepatocellular carcinoma

Fig. 7. MiR-362-3p targeting LRP8 suppressed cell
migration and invasion of ovarian cancer cells.

(A) Cell migration was detected in CaOV3 and
* SKOV3 cells transfected with OE-empty vector,
mimic-NC, OE, mimic and mimic+ OE by BrdU
assay. (B) Cell invasion was determined in CaOV3
and SKOV3 cells transfected with OE-empty vector,
mimic-NC, OE, mimic and mimic+ OE. (C) MMP-2,
MMP-9, integrin-a5 and integrin-pl protein level

*

CaOVv3 were measured by western blot assay in CaOV3 and
*% SKOV3 cells transfected with OE-empty vector,
xx mimic-NC, OE, mimic and mimic+ OE. *, P < 0.05;
o Fk ** P < 0.001. NC, negative control; mimic, miR-
= 362-3p mimic; OE, LRP8 overexpression; mimic+
OE, miR-362-3p mimic+ LRP8 overexpression.
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cells [20]. MALAT1 deletion inhibits drug resistance in renal cell car-
cinoma by regulating miR-362-3p-mediated GTPase-activating protein
SH3 domain-binding protein 1 (G3BP1) [21]. High miR-362-3p
expression was found in colorectal cancer, which induced cell cycle
arrest by repressing the expression of E2F1, upstream stimulatory factor
2 (USF2), and protein tyrosine phosphatase non-receptor type 1
(PTPN1) in colorectal cancer cells [22]. Evidence has shown that
miR-362-3p levels are reduced in cervical adenocarcinoma, and upre-
gulation of miR-362-3p hampers cell growth by repressing the expres-
sion of minichromosome maintenance complex component 5 (MCM5)
[23]. Furthermore, evidence has shown that miR-362-3p is inhibited by
IncRNA SBF2-AS1, and upregulation of miR-362-3p could counteract
the role of SBF2-AS1 by inhibiting GRB2 expression [24]. Notably,
miR-362-3p was identified as an oncogene in gastric cancer, and
downregulation of miR-362-3p significantly attenuated cell migration
and invasion by decreasing CD82 expression in gastric cancer cells [25].
Regarding ovarian cancer, only one study revealed that miR-362-3p
levels were downregulated in the tissues and cells, which could sup-
press cell growth and migration by reducing MyD88 expression [10].
Additionally, recent studies have also shown that miR-362-3p inhibits
ovarian cancer and inhibits the occurrence and development of ovarian
cancer by directly binding its target gene, SERPINE1 mRNA-binding
protein 1 (SERBPI1) [26]. Similar to a previous study, miR-362-3p
levels were also significantly downregulated in ovarian cancer tissues
and cells in our study. Furthermore, the miR-362-3p mimic prevented
the growth of ovarian cancer cells. Moreover, overexpression of LRP8
effectively abrogated the ovarian cancer tumorigenesis role under
miR-362-3p mimic treatment.

Recently, LRP8 has been associated with cancer pathogenesis,
especially in breast cancer [11,12,14]. Lin et al. found that LRP8 was
upregulated in breast cancer tissues, and downregulation of LRP8
dramatically reduced breast cancer stem cell growth [12]. Maire et al.
found that depletion of LRP8 significantly inhibited cell proliferation,
which is a potential target for breast cancer treatment [11]. Further-
more, LRP8 was repressed by miR-1262, and overexpression of LRP8
obviously elevated cell growth and tumor progression in breast cancer
[14]. In contrast, LRP8 is downstream of apolipoprotein E2, which
promotes cell growth and reduces cell apoptosis by activating the
phosphorylation of extracellular signal-regulated kinase (ERK)—1/2
signaling in pancreatic cancer cells [27]. Unfortunately, the biological
role of LRP8 in ovarian cancer development remains unclear. Our study
showed that LRP8 expression was significantly elevated in ovarian
cancer tissues and cells. Overexpression of LRP8 dramatically facilitated
the growth, migration, and invasion of ovarian cancer cells. Notably, we
found that miR-362-3p downregulated LRP8 expression and attenuated
the proliferation, migration, and invasion of ovarian cancer cells.

LRP8 affects cancer development through a complex regulatory
network. It is downstream of apolipoprotein E2, which induces ERK1/2
phosphorylation to activate c-Myc and promotes the expression of cycle-
related proteins involved in the malignant behavior of pancreatic cancer
[27]. Inhibition of LRP8 inhibits the enrichment and proliferation of
breast cancer stem cells in triple-negative breast cancer by weakening
the Wnt/p-catenin signaling pathway [28]. In future studies, we will
focus on the downstream signaling pathway of LRP8 to explore the ef-
fects of the miR-362-3p-LRP8 axis on the proliferation, invasion, and
migration of ovarian cancer cells via the ERK1/2 or Wnt/f-catenin
pathways. In addition, the upstream regulatory mechanism of
miR-362-3p warrants further exploration.

Conclusions

In this study, we demonstrated that miR-362-3p repressed LRP8
expression to attenuate the proliferation, migration, and invasion of
ovarian cancer cells. Therefore, our study provides a comprehensive
examination of the roles of miR-362-3p and LRP8 in the pathological
progression of ovarian cancer, which may aid in the development of

Translational Oncology 15 (2022) 101284

effective therapeutic targets for the treatment of patients with ovarian
cancer.
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