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LncRNA MNX1-AS1 promotes ovarian cancer
process via targeting the miR-744-5p/SOX12
axis

Yang Shen, Mengmeng Ly, Yichen Fang, Jin Lu and Yuzhong Wu~

Abstract

Purpose: Ovarian cancer (OC) is the most common malignancy in women with high mortality. Increasing studies
have revealed that long non-coding RNA (IncRNA) MNX1-AS1 has a promoting effect on various cancers. However,
the mechanisms of MNX1-AS1 in OC are still unclear. Therefore, this study focused on exploring the mechanisms of
MNX1-AST in OC.

Materials and methods: The expression of SOX12 at the protein level was detected by western blot. Cell prolifera-
tion was detected by CCK8 assay and colony formation assay. Cell cycle and cell apoptosis were detected by flow
cytometry. Wound-healing assay, transwell assay and western blot were used to detect the ability of cell migration
and invasion. The target binding was confirmed through the luciferase reporter assay.

Results: The expression of MNX1-AS1 was increased in OC tumor tissues and cells. Elevated MNX1-AST expression is
associated with advanced stage and lower overall survival rate. Knockdown of MNX1-AS1 inhibited cell proliferation,
migration and invasion, blocked cell cycle, and promoted cell apoptosis in SKOV-3 and OVCAR-3 cells. MNX1-AS1

was competitively binding with miR-744-5p, and its downstream target gene was SOX12. miR-544-5p expression was
decreased, while SOX12 expression was increased in OC tumor tissues and cells. Overexpression of miR-744-5p inhib-

ited cell proliferation, migration, invasion and promoted cell apoptosis in SKOV-3 and OVCAR-3 cells.

Conclusion: MNX1-AS1 promoted the development of OC through miR-744-5p/SOX12 axis. This study revealed a
novel mechanism of MNX1-AS1 in OC, which may provide a new treatment or scanning target for OC.
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Introduction

Ovarian cancer (OC) is the most common malignancy
in women [1]. More than 70% of OC patients are diag-
nosed at advanced stages (III and IV stage) due to early
non-specific symptoms and a lack of effective screening
methods [2]. It is the main reason the 5-year survival
rate of patients with OC is still only 20-40%, although
the treatment methods such as surgery, radiotherapy
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and chemotherapy have improved [3]. In addition, a
poor understanding of the pathogenesis of OC also con-
tributes to high mortality [4]. Therefore, exploring the
molecular mechanisms of OC is necessary for developing
novel therapeutic methods and screening targets.

Long non-coding RNAs (IncRNAs) are the essential
types of non-coding RNAs involved in the occurrence
and development of various cancers [5, 6]. A large num-
ber of studies have shown that IncRNAs function as com-
petitive endogenous RNAs (ceRNAs) by competitively
occupying the binding sequences of miRNAs, then regu-
lating the expression of downstream target genes [7]. For
example, the level of IncRNA-CDCE6 is elevated in breast
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cancer, and it promotes cell proliferation and migration
through sponging of miR-215 and further regulating the
expression of CDC6 [8]. On the other hand, LncRNA
MT1JP expression is decreased in gastric cancer, and it
inhibits the process of gastric cancer through competi-
tively binding to miR-92a-3p and regulating the expres-
sion of FBXW7 [9].

In addition, increasing studies reported that abnormal
expression of IncRNAs involved in the process of cancer,
including cell proliferation, cell migration, cell apoptosis,
epithelial-mesenchymal transition (EMT), cell resistance
[10-12]. Previous reports have verified that several IncR-
NAs are involved in the development of OC. For instance,
Lin et al. have found that IncRNA DANCR expression
is increased in OC tissues and cells. Furthermore, their
study confirmed that DANCR promotes tumor growth
and angiogenesis through targeting miR-145 and then
regulating the expression of VEGF [13].

LncRNA MNX1-AS1 is an antisense RNA of motor
neuron and pancreas homeobox protein 1 (MNX1) gene.
It has been reported that MNX1-AS1, as an oncogene,
promotes the development of many cancers, including
intrahepatic cholangiocarcinoma, cervical cancer, lung
cancer and hepatocellular carcinoma [14-17]. In OC, Li
et al. confirmed that MNX1-AS1 expression is increased
in tumor tissues than matched normal tissues, and over-
expression of MNX1-AS1 is associated with poor clini-
cal outcomes [18]. Additionally, Yan et al. found that
knockdown of MNX1-AS1 inhibits cell proliferation and
migration in OC [19]. Nevertheless, the mechanism of
MNX1-AS1 in OC has not been fully elucidated. Hence,
this study focused on exploring the underlying mecha-
nism of MNX1-AS1 in OC.

Along with the development of RNA studies, it has
been found that mutations or aberrant expression of
microRNAs (miRNAs) are closely associated with the
development of cancers such as OC [20], and miR-
NAs as oncogenes or anticancer genes have increas-
ingly attracted attention from researchers. For example,
MiR-744-5p is differentially expressed in various cancers
and participates in tumorigenesis [21]. Furthermore,
MiR-744-5p is underexpressed in many cancers such
as colorectal cancer, cervical cancer, and glioblastoma.
Moreover, overexpression of miR-744-5p can inhibit cell
proliferation, migration, and invasion [22-24]. Addi-
tionally, miR-744-5p also downregulates epithelial ovar-
ian cancer cell expression, and its expression can induce
apoptosis [21]. However, the mechanism of miR-744-5p
on OC is not fully defined and still requires further
investigation.

In this study, we confirmed that MNX1-AS1 expres-
sion was increased in OC tumor tissues and cells.
Furthermore, our results confirmed that MNX1-AS1
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promoted the development of OC through miR-
744-5p/SOX12 pathway. Thus, this study revealed a
novel mechanism of MNX1-AS1 in OC, which may
provide a new treatment or scanning target for OC.

Materials and methods

Clinical tissues sample

OC tumor tissues (n =30) and adjacent tissues (n=30)
were obtained from OC patients. The stage of OC
patients was determined according to the clinicopatho-
logical features. Collected tissues were frozen in liquid
nitrogen for further study. This study was approved and
supervised by the ethics committee of Nanjing Medical
University for peer review. All patients were informed
and signed written consent. The basic clinico-patholog-
ical details of the patients are show in Table 1.

Cell culture

OC cell lines (A2780, SKOV-3, OVCAR-3, HO8910)
and regular ovarian cell lines (ISOE80) were purchased
from the Cell Resource Center of Shanghai Academy of
Sciences (Shanghai, China). Passage numbers of all cell
lines were maintained between 6 and 7 for all cell lines.
These cells were cultured with Roswell Park Memorial
Institute (RPMI) 1640 medium or Dulbecco’s Modified
Eagle medium (DMEM) (Thermo-Scientific, MA, USA),
which contained 10% fetal bovine serum (FBS, Thermo-
Scientific, MA, USA) and 1% penicillin-streptomycin
(MP Biomedicals, CA, USA). The cells were maintained
in an incubator at 37°C and 5% CO,,.

Table 1 Clinical and pathological parameters

Clinical parameters MNX1-AS1 P value
Low High
expression expression
(n=14) (n=16)
Age 0.073
>50 7
<50 7
FIGO 0.069
[~Il 8
I~ 6
Tumor Size 0.036
>2cm 5 1
<2cm 9 5
Lymph nodes status 0.022
Negative 10 6
Positve 4 10
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Cell transfection

To obtain stable knockdown cell lines, IncRNA MNX1-
AS1 shRNA lentiviruses and control shRNA lentiviruses
were inserted into the pLVX-tdTomato-Puro vector
(GenePharma, Shanghai, China) and transduced into
SKOV-3 cells and OVCAR-3 cells, respectively.

To obtain transiently transfected cell lines, miR-744-5p
mimics, negative control (NC) mimics, miR-744-5p
inhibitor and NC inhibitor (RiboBio, Guangzhou, China)
were transfected into SKOV-3 cells and OVCAR-3 cells
respectively by using lipofectamine 3000 (Thermo-Sci-
entificc, MA, USA), miR-744-5p inhibitor and SOX12
shRNA (Ribobio, Guangzhou, China) were transfected
into SKOV-3 cells and OVCAR-3 cells simultaneously.
After 48-h transfection, cells were collected for subse-
quent experiments. The sequences are shown in Table 2.

Real-time quantitative polymerase chain reaction
(RT-qPCR)

Total RNA was isolated from tissues and cells using Tri-
zol reagent (Thermo-Scientific, MA, USA) according to
the manufacture’s protocol. Then, RNA was reverse tran-
scribed to cDNA by using PrimeScript RT Master Mix
(Takara, Japan). Subsequently, RT-qPCR was performed
using SYBR Green PCR Kit (Vazyme, Nanjing, China)
through Applied Biosystems 7300 Real-time PCR sys-
tem (Applied Biosystems, USA). The parameters for PCR
amplification were as follows: 5min at 95°C, followed by
35cycles of 60s at 95°C, 60s at 58°C and 90s at 72°C,
8min at 72°C. U6 and GAPDH were used to normalize
the relative expression. Primer sequences used for RT-
PCR are shown in Table 3.

Cell viability assay

CCKS8 assay was performed to detect cell viability. After
transfection or transduction, cells were inoculated in
96-well plates with a density of 10 cells and a volume
of 100 ul. Then the cells were cultured for 1h and mixed
with 10 pl CCK8 regent (Dojindo, Kumamoto, Japan) for

Table 2 Sequences used for cell transfection

Genes Sequences (5'-3)

miR-744-5p mimics UGCGGGGCUAGGGCUAACAGCA

NC mimics UACUGAGAGACAUAAGUUGGUC
miR-744-5p inhibitor AGGGCUAACAGCAGUCUUACU
NC inhibitor CAGUACUUUUGUGUAGUACAA
sh-NC CCTAAGGTTAAGTCGCCCTCG
sh-SOX12 GCTGCTTCACAGGATGAAA
sh-NC CCTAAGGTTAAGTCGCCCTCG
sh-MNX1-AS1 GGUCGAACCUUAUCUGCUA
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Table 3 Primer sequences used for RT-qPCR

Genes Primer sequences (5'-3')
MNX1-AS1

Forward CACCAACGGGGAGTGGATAC

Reverse CTCCAGGGACCAACCAAGTC
miR-744-5p

Forward GTGCGGGGCTAGGGCTA

Reverse AGTGCAGGGTCCGAGGTATT
SOX12

Forward CTGGAGTGGTGGGATTGGTC

Reverse GGGTGTCAGAGGGACAAAGG
ue

Forward CTCGCTTCGGCAGCACA

Reverse AACGCTTCACGAATTTGCGT
GAPDH

Forward AGTCCACTGGCGTCTTCA

Reverse GAGTCCTTCCACGATACCAA

2h. The optical density was measured at 450 nm by utiliz-
ing Bio-EL340 automatic microplate reader (Tek Instru-
ments, Hopkinton, USA).

Colony formation assay

Cells were inoculated into a 6-well plate at the density
of 500 cells/well. After 14-days of culture, the cells were
fixed by methanol. Next, the colonies were stained with
0.1% crystal violet solution (Beyotime, Shanghai, China)
after washing with PBS 2 times. After the PBS cleaning,
the colonies were observed using a microscope (Nikon,
Tokyo, Japan) and counted using Image] software (Image]
v.1.48, http://imagej.nih.gov/ij/).

Cell cycle analysis

Cells were collected and fixed with 75% methanol for 4h
at 4°C. The cells were incubated with an RNA enzyme-
containing iodide (PI, Sigma-Aldrich, MI, USA) after
centrifuging and the supernatant removed. Then, the
cells were washed with PBS three times, and the cell cycle
was detected using FACS flow cytometry (Leica, Wetzlar,
Germany).

Cell apoptosis analysis

Transfected cells were collected and passed through 100
mesh sieves. Then the cells were incubated with Annexin
V and PI solution for 15min in darkness. Finally, the
labeled cells were analyzed using FACS flow cytometry
(Leica, Wetzlar, Germany).

Wound-healing assay
Wound-healing assays detected cell migration. The cells
were inoculated into 6-well plates. When cells were


http://imagej.nih.gov/ij/

Shen et al. Journal of Ovarian Research (2021) 14:161

grown in a single layer, a 10 pl sterile pipette tip was used
to scratch cells. Detached cells were removed by using a
serum-free medium washed twice. Wounded areas were
observed and imaged by microscopy (Nikon, Tokyo,
Japan) after incubating the cell for 24 h.

Transwell assay

Cell migration and cell invasion were evaluated by using
a transwell chamber. First, the invasion assay pre-coated
the transwell chamber membrane with the Matrigel
(Franklin Lakes, NJ, USA). Briefly, the transfected cells
were seeded into the top compartment of the chamber
with the basal medium. Next, the bottom compartment
of the chamber was supplemented with the medium
containing 10% FBS. After incubated 48-h, the cells in
the bottom compartment were fixed with methanol
and stained with 0.1% crystal violet for 30min at 37°C.
Finally, the cells were counted using Image] software
(Image] v.1.48, http://imagej.nih.gov/ij/)) and photo-
graphed using a microscope (Nikon, Tokyo, Japan).

Western blot

Transfected cells were collected and extracted protein
by using RIPA lysis buffer. Protein was separated by
SDS-acrylamide gel and transferred to polyvinylidene
difluoride membrane (PVDF, Millipore, MA, USA). Fol-
lowing, membranes were incubated with 5% non-fat milk
for 2h at room temperature to block non-specific anti-
gen and then incubated with primary antibodies at 4°C
overnight. After PBST was washed three times, mem-
branes were incubated with HRP-conjugated second-
ary antibody at room temperature for 2h. Protein bands
were visualized using an enhanced chemiluminescence
kit (Vazyme, Nanjing, China) after PBST was washed
three times. GAPDH was used as the internal control
for relative protein expression. Image J software (Image]J
v.1.48, http://imagej.nih.gov/ij/) was used for quantitative
analysis.

Primary antibody information is as follows: Cyclin D1
(ab16663, 1:200), p21 (2b109520, 1:2000), Bax (ab32503,
1:1000), Bcl-2 (ab182858, 1:2000), Cleaved-caspase-3
(ab32042, 1:500), Cleaved-caspase-9 (ab2324, 1:200),
Cox-2 (ab179800, 1:1000), MMP-2 (ab92536, 1:1000),
MMP-9 (ab76003, 1:1000), SOX12 (ab54371, 1:1000),
GAPDH (ab181602, 1:10000). The secondary antibody
is Goat anti-Rabbit HRP antibody (ab6721, 1:5000) and
Goat anti-Mouse HRP antibody (ab205719, 1:10000). All
antibody were purchased from Abcam (MA, USA).

Nucleoplasm isolation assay

Nucleoplasm isolation assay was performed by using
Nucleus-Cytoplasmin-Cytoplasmic Membrane Prepa-
ration Kit (Beijing Apply Gene Technology Co., China)
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according to the manufacturer’s instructions. Briefly,
every 107 cells were added with 500 ul CER reagent; then,
the mixture was bathed for 2min in ice and homogenized
20 times. Following, the cells in the mixture were lysed by
centrifugation. The cytoplasmic was in the supernatant,
and the nucleus was in the tube bottom.

Luciferase reporter assay

LncRNA MNX1-AS1-miR-744-5p binding sites and miR-
744-5p-SOX12 binding sites were identified on the bio-
informatics prediction website StarBase v3.0 (http://starb
ase.sysu.edu.cn/). MNX1-AS1 containing miR-744-5p
binding sequence was inserted into the pLVX-IRES-Puro
vector (MNX1-AS1 WT). The sequence of MNX1-AS1
binding with miR-744-5p was mutated and inserted into
the pLVX-IRES-Puro vector (MNX1-AS1 Mut) to con-
firm the specific binding. Similarly, the SOX12 3'UTR
sequence containing miR-744-5p binding sequence
was inserted into the luciferase reporter vector (SOX12
WT). To assess the binding specificity, the sequences of
SOX12 3'UTR interacted with miR-744-5p were mutated
and inserted into the equivalent luciferase reporter vec-
tor (SOX12 Mut). SKOV-3 and OVCAR-3 cells of 10°
were cultured in 24-well plates. Each well was trans-
fected with a 1pg luciferase reporter vector, 1ug of the
B-galactosidase plasmid (internal control), and 100 pM of
miR-744-5p mimics or NC mimics using Lipofectamine
3000 (Thermo-Scientific, MA, USA). After 48-h trans-
fected, luciferase activities were measured using a lucif-
erase assay kit (Promega, WI, USA).

Statistical analysis

All data were collected from three independent experi-
ments and presented as the mean =+ Standard deviation
(SD). Results were analyzed with one-way ANOVA and
student t-tests using GraphPad Prism 7.0 (GraphPad Inc.,
San Diego, CA, USA). P-value <0.05 was considered sta-
tistically significant.

Results

The expression of MNX1-AS1 is upregulated in OC tissues
and cells

To detect the roles of MNX1-AS1 in the development of
OC, we collected the tumor tissues and non-tumor tis-
sues from OC patients. Then, we detected the expression
of MNX1-AS1, and the results showed that MNX1-AS1
expression was increased in OC tumor tissues com-
pared with non-tumor tissues (Fig. 1A). Furthermore, we
divided OC patients into early-stage (I and II stage) and
advanced stage (III and IV stage) according to the clini-
cal features. As a result, we detected the expression of
MNX1-AS1 in tumor tissues. Furthermore, the results
showed that MNX1-AS1 levels were elevated in tumor
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Fig. 1 The expression of MNX1-AS1 is upregulated in OC tumor tissues and cells. A RT-qPCR detected the expression of MNX1-AS1 in OC tumor
tissues (n = 30) and adjacent tissue (n=30). B RT-gPCR detected the expression of MNX1-AS1 in OC tumor tissues from early-stage (I and Il stage,
n=230) patients and advanced stage (Il and IV stage, n =30) patients. C The overall survival rates of OC patients were compared in MNX1-AS1 high
expression and low expression groups. D RT-gPCR detected the expression of MNX1-AS1 in OC cells and normal ovarian cells. ‘P<0.05, “P<0.01, the
difference comparison compared to regular group or early-stage tumor tissues. Error bars were represented the mean =+ SD of triplicate experiments

tissues from advanced stage OC patients than early-stage
patients (Fig. 1B).

Furthermore, Kaplan-Meier survival analysis indicated
that the high expression of MNX1-AS1 was associated
with a low overall survival rate in OC patients (Fig. 1C).
Similarly, we confirmed that the expression of MNX1-
AS1 was upregulated in OC cells (A2780, SKOV-3,
OVCAR-3 and HO8910) than the normal ovarian cells
(ISOE80), especially in SKOV-3 and OVCAR-3 cells
(Fig. 1D); therefore, SKOV-3 and OVCAR-3 cells were

used in subsequent experiments. These results indicated
that MNX1-AS1 is involved in OC development and is
associated with a poor prognosis.

Knockdown of MNX1-AS1 inhibits OC cell proliferation,
blocks cell cycle, and promotes cell apoptosis

To determine the functions of MNX1-AS1 in OC, we
transfected MNX1-AS shRNA lentivirus in SKOV-3 and
OVCAR-3 cells. The knockdown efficiency of MNX1-
AS1 was shown in Fig. 2A; the result revealed that the

(See figure on next page.)

Fig. 2 Knockdown of MNX1-AS1 inhibits OC cell proliferation, blocks cell cycle and promotes cell apoptosis. MNX1-AS1 shRNA lentivirus and NC
shRNA lentivirus were transfected into SKOV-3 and OVCAR-3 cells, respectively. A RT-qPCR detected the expression of MNX1-AS1. B Cell viability was
detected by CCK8 assay. C Cell proliferation was detected by colony formation assay. D Cell cycle was detected by flow cytometry. E Western blot
was used to detect the expression of cell cycle-related genes. F Flow cytometry detected cell apoptosis. G The protein levels of apoptosis-related
genes were detected by western blot. 'P<0.05, “P<0.01, the difference comparison was compared with sh-NC transfected cells. Error bars were

represented the mean = SD in three independent repetitions
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transfection was successful. CCK8 assay and colony cytometry was used to detect the cell cycle. The results
formation assay were used to detect cell proliferation, displayed that knockdown of MNXI-AS1 increased
and the results showed that knockdown of MNX1-AS the GO/G1 phase ratio and decreased the ratio of S
inhibited cell viability and cell proliferation in SKOV-3  phase and G2/M stages in SKOV-3 and OVCAR-3 cells
and OVCAR-3 cells (Fig. 2B and C). Subsequently, flow  (Fig. 2D). Consistently, western blot results showed that

(See figure on next page.)

Fig. 4 MNX1-AS1 binds to miR-744-5p and inhibits its expression. A RT-gPCR detected MNX1-AS1 expression in the cytoplasm and nucleus of

OC cells. BThe predicted binding sequence of miR-744-3p and MNX1-AS1, and the mutated binding sequence of MNX1-AS1. C Luciferase activity
was detected in SKOV-3 and OVCAR-3 cells co-transfected with MNX1-AST WT or MNX1-AS1 Mut vector and NC mimics or miR-744-5p mimics. D
RT-gPCR detected the expression of miR-744-5p in OC non-tumor and tumor tissues. E RT-gPCR detected the expression of miR-744-5p in OC cells
and normal ovarian cells. F RT-gPCR detected the expression of miR-744-5p in SKOV-3 and OVCAR-3 cells transfected with sh-MNX1-AS1 or sh-NC.
G Correlation analysis of MNX1-AS1 and miR-744-5p expression levels in OC tumor tissues. "'P<0.01,”"P<0.001, the difference comparison was
compared with control group cells and tissues. Error bars were represented the mean = SD of triplicate experiments
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knockdown of MNX1-AS1 downregulated Cyclin D1
and upregulated the expression of p21 in SKOV-3 and
OVCAR-3 cells (Fig. 2E). In addition, we detected the
cell apoptosis by utilizing flow cytometry and found
that the cell apoptosis ratio was enhanced in sh-MNX1-
AS1 cells than sh-NC cells (Fig. 2F). Consistent with
this data, the expression of Bax, Cleaved-caspase-3
and Cleaved-caspase-9 were increased. Meanwhile, the
expression of Bcl-2 was decreased in sh-MNX1-AS1
cells compared with sh-NC cells (Fig. 2G). These results
demonstrated that knockdown of MNX1-AS1 inhibited
OC cell proliferation, blocked cell cycle, and promoted
cell apoptosis.

Knockdown of MNX1-AS1 inhibits OC cell migration

and invasion

Further, we detected the roles of MNX1-AS1 in OC cell
migration and invasion. Wound-healing assay results
showed that knockdown of MNX1-AS1 inhibited cell
migration in SKOV-3 and OVCAR-3 cells (Fig. 3A).
Transwell assay results showed that downregulation of
MNX1-AS1 expression inhibited cell migration and inva-
sion in SKOV-3 and OVCAR-3 cells (Fig. 3B). Similarly,
western blot results demonstrated that knockdown of
MNX1-AS1 decreased the protein expression of migra-
tion and invasion-related genes, including Cox-2, MMP-2
and MMP-9 in SKOV-3 and OVCAR-3 cells (Fig. 3C).
These results indicated that knockdown of MNX1-AS1
inhibited OC cell migration and invasion.

MNX1-AS1 binds to miR-744-5p and inhibits its expression
To further explore the underlying mechanism of MNX1-
AS1 in OC, we divided cytoplasm and nucleus from
SKOV-3 and OVCAR-3 cells and detected the expression
of MNX1-AS1 through RT-qPCR. The results showed
that MNX1-AS1 expression was higher in the cytoplasm
than in the nucleus (Fig. 4A). Increasing studies have
reported that IncRNAs are located in the cytoplasm and
exert roles through sponging bind with miRNA [25].
Therefore, we predicted the potential miRNA that may
interact with MNX1-AS1 using Starbase v3.0 and found
miR-744-5p had a potential binding sequence of MNX1-
AS1. The potential binding sequence is shown in Fig. 4B.
To confirm the binding of miR-744-5p to MNX1-ASI,
a luciferase reporter assay was performed. The results
showed that the luciferase activity was dramatically
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reduced in miR-744-5p mimics MNX1-AS1 WT co-
transfected cells compared with NC mimics and MNX1-
AS1 WT co-transfected cells. At the same time, the
luciferase activity had no significant changes in MNX1-
AS1 Mut transfected cells (Fig. 4C).

Additionally, we detected the expression of miR-744-5p
in OC tumor tissues and cells. The RT-qPCR results
displayed that the miR-744-5p level was decreased in
OC tumor tissues and cells (Fig. 4D and E). Further, we
detected the effect of MNX1-AS1 on miR-744-5p expres-
sion through RT-qPCR. According to the results, we
found that the expression of miR-744-5p was increased
dramatically in sh-MNX1-AS1 cells than in sh-NC cells
(Fig. 4F). Furthermore, we confirmed a negative cor-
relation between the expression of MNXI1-AS1 and
miR-744-5p in OC tissues (Fig. 4G). These results dem-
onstrated that miR-744-5p was a target of MNX1-AS1 in
OC, and MNX1-AS]1 inhibited the expression.

Overexpression of miR-744-5p inhibits OC cell
proliferation, migration, invasion and promotes cell
apoptosis

To determine the regulatory effect of miR-744-5p in
OC, we transfected miR-744-5p mimics into SKOV-3
and OVCAR-3 cells. NC mimics were transfected as
a negative control. The overexpression of miR-744-5p
was confirmed by RT-qPCR (Fig. 5A). CCK8 assay and
colony formation assay results showed that overexpres-
sion of miR-744-5p decreased cell viability and cell pro-
liferation in SKOV-3 and OVCAR-3 cells (Fig. 5B and
C). Flow cytometry results showed that cell apoptosis
ratio was enhanced in miR-744-5p mimics transfected
cells than control cells (Fig. 5D). Additionally, transwell
assay results showed that miR-744-5p overexpression
inhibited cell migration and cell invasion in SKOV-3 and
OVCAR-3 cells (Fig. 5E). These results suggested that
miR-744-5p inhibited cell proliferation, migration, inva-
sion and promoted cell apoptosis in OC.

SOX12 is a target gene of miR-744-5p

Further, we predicted the target gene of miR-744-5p
using Starbase v3.0 and found that SOX12 is the target
gene of miR-744-5p. First, the binding sequence of miR-
744-5p and SOX12 was shown in Fig. 6A. Then, a lucif-
erase assay was used to verify the binding of SOX12 to
miR-744-5p. The results showed that luciferase activity

(See figure on next page.)

Fig. 5 Overexpression of miR-744-5p inhibits OC cell proliferation, migration, invasion and promotes cell apoptosis. SKOV-3 and OVCAR-3 cells
transfected miR-744-5p mimics and NC mimics, respectively. A RT-qPCR detected the efficiency of miR-744-5p overexpression. B Cell viability
was detected by CCK8 assay. C Colony formation assay was used to detect cell proliferation. D Cell apoptosis was detected by flow cytometry. E
Transwell assay was used to detect cell migration and invasion. "P<0.05, "P<0.01,”P<0.001, the difference comparison was compared with NC
mimics transfected cells. Error bars were represented the mean 4 SD in three independent repetitions
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was significantly decreased in miR-744-5p mimics and
SOX12 WT transfected cells compared with NC mimics
and SOX12 WT transfected cells. In contrast, the lucif-
erase activity had no change in SOX12 Mut transfected
cells (Fig. 6B). Then, we detected SOX12 expression
in OC tumor tissues and cells by RT-qPCR. The results
showed that the expression of SOX12 was upregulated
in OC tumor tissues and cells compared with non-tumor
tissues and cells (Fig. 6C and D).

Additionally, we detected the expression of SOX12 in
miR-744-5p mimics transfected cells through RT-qPCR
and western blot. These results indicated that mRNA and
protein expression levels of SOX12 were lower in mir-
744-5p-overexpressing cells than in control cells. (Fig. 6E
and F). Moreover, we confirmed a negative correlation
between the expression of SOX12 and miR-744-5p in OC
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tumor tissues (Fig. 6G). These results demonstrated that
SOXI12 is a target gene of miR-744-5p, and miR-744-5p
negatively regulated the expression of SOX12 in OC.

The function of MNX1-AS1/ miR-744-5p/ SOX12 axis in OC

To further verify whether MNX1-AS1 affects the pro-
cess of OC via miR-744-5p/SOX12 axis, we trans-
fected miR-744-5p inhibitors and SOX12 shRNA into
MNX1-AS1 knockdown cells separately or simultane-
ously. RT-qPCR detected the knockdown efficiency
of miR-744-5p inhibitors and SOX12 shRNA, and
results were shown in Fig. 7A. CCK8 assay and colony
formation assay results confirmed that knockdown
of miR-744-5p increased cell viability and cell prolif-
eration in SKOV-3/sh-MNX1-AS1 and OVCAR-3/
sh-MNX1-AS1 cells. However, the increase of cell
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viability and cell proliferation were attenuated by the
knockdown of SOX12 (Fig. 7B and C). Flow cytom-
etry assay results showed that the downregulation
of miR-744-5p decreased cell apoptosis, which was
reversed by SOX12 knockdown in SKOV-3/sh-MNX1-
AS1 OVCAR-3/sh-MNX1-AS1 cells (Fig. 7D). Con-
sistently, knockdown of miR-744-5p promoted cell

migration and invasion in SKOV-3/sh-MNX1-AS1 and
OVCAR-3/sh-MNX1-AS1 cells. The promotion role of
cell migration and invasion was attenuated by decreas-
ing the expression of SOX12 (Fig. 7E). These results
clarified that MNX1-AS1 promoted cell proliferation,
migration, invasion and inhibited cell apoptosis via
miR-744-5p/SOX12 pathway in OC.
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Discussion

More and more studies have shown that aberrant expres-
sion of LncRNA is closely associated with OC occurrence
and development, and LncRNAs are expected to be new
markers for OC diagnosis and treatment [26].

MNX1-AS1 has shown to be an oncogene in multiple
cancers. For instance, overexpression of MNX1-AS1sig-
nificantly promoted the proliferation, migration, invasion
and angiogenesis of intrahepatic cholangiocarcinoma
cells in vitro. And tumor growth and metastasis in vivo
[14]. MNX1-AS1 is significantly upregulated in cervical
cancer and lung cancer tissues and cell lines [15, 16]. Sim-
ilarly, according to our result, MNX1-AS1 is upregulated
in OC tissues and cells. In addition, we found that the
high expression of MNX1-AS1 was associated with a low
overall survival rate in OC patients. Further, knockdown
of MNX1-AS1 inhibits OC cell proliferation, blocks cell
cycle, and promotes cell apoptosis.

Previous studies have reported that IncRNAs regulate
biological function at epigenetic, transcriptional and
post-transcriptional levels or directly regulate protein
activity [27]. In addition, IncRNAs often function as ceR-
NAs binding to miRNA when located in the cytoplasm,
regulating multiple target gene expressions [28]. Hence,
we detected the expression of MNX1-AS1 in the cyto-
plasm and nucleus of OC cells. The results displayed
that MNX1-AS1 is mainly located in the cytoplasm
of OC cells. Therefore, we explored miRNAs that tar-
get MNX1-AS1 and found miR-744-5p was a predicted
miRNA with a potential binding sequence. Subsequently,
we confirmed that miR-744-5p targets are binding with
MNX1-AS1 through luciferase reporter assay.

Furthermore, MiR-744-5p has been shown to slow the
progression of OC [21, 29]. Therefore, we speculated
that MNX1-AS1 regulates the OC process through
sponging to miR-744-5p. We determined that MNX1-
AS1 negatively regulated miR-744-5p expression and
miR-744-5p overexpression inhibited cell proliferation,
migration, invasion and promoted cell apoptosis.

MiRNAs binding to the 3'UTR of the downstream
target gene and regulating gene translation process
then affect cancer development [30]. Based on the pre-
dicted results and RT-qPCR results, we found SOX12
is a target gene of miR-744-5p, and the expression was
increased in OC tumor tissues and cells. SOX12’s pro-
motion function has been reported in several cancers,
including OC [31-33]. We confirmed that miR-744-5p
negatively regulated SOX12 expression. Rescue experi-
mental results proved that the effects of MNX1-AS1
knockdown could be reversed by downregulation of
miR-744-5p, and the knockdown of SOX12 abolished
such a reversible effect.
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In conclusion, we demonstrated that the upregula-
tion of MNX1-AS1 in OC tissues and cells. Moreover,
we confirmed that MNX1-AS1 promoted OC develop-
ment through the miR-744-5p/SOX12 axis. These results
reveal a novel mechanism of MNX1-AS1 in OC, which
may provide a new treatment or scanning target for OC.

However, the results of this study are limited to
in vitro studies. At present, there is no evidence to
show the effect of MNX1-AS1 on tumor growth or
metastasis in vivo and its clinical significance in OC.
Therefore, a more in-depth research is needed in the
future. In addition, there is sufficient evidence that
LncRNA can regulate cell phenotype by sponge effect
on several different miRNAs and controlling transcrip-
tion, translation or post-translational modification
by binding with proteins. Similarly, each miRNA can
bind and regulate several different target genes simul-
taneously [34—36]. Therefore, this study’s MNX1-AS1/
miR744-5p/SOX12 pathway is likely to be only one of
the possible pathways affecting the occurrence and
development of OC.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513048-021-00910-0.

Additional file 1.
Additional file 2.
Additional file 3.

Acknowledgments
Not applicable.

Authors’ contributions

Yuzhong Wu conceived and designed the study. Yang Shen, Mengmeng Lv,
Yichen Fang and Jin Lu performed the literature search and data extrac-
tion. Yang Shen and Yang Shen drafted the manuscript. All authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

The experimental protocol was established according to the ethical guidelines
of the Helsinki Declaration and was approved by the ethics committee of
Nanjing Medical University).

Consent for publication
The authors agree to publish in the Journal.

Competing interests
The authors declare that they have no conflicts of interest.


https://doi.org/10.1186/s13048-021-00910-0
https://doi.org/10.1186/s13048-021-00910-0

Shen et al. Journal of Ovarian Research

(2021) 14:161

Received: 27 August 2021 Accepted: 26 October 2021
Published online: 17 November 2021

References

1.

Webb PM, et al. Epidemiology of epithelial ovarian cancer. Best Pract Res
Clin Obstet Gynaecol. 2017;41:3-14.

WangY, et al. Clinicopathologic and survival analysis of synchronous
primary endometrial and ovarian cancer. Zhonghua Fu Chan Ke Za Zhi.
2018,53(12):816-22.

Torre LA, et al. Ovarian cancer statistics, 2018. CA Cancer J Clin.
2018,68(4):284-96.

Chen P, et al. Long noncoding RNA LINC00152 promotes cell proliferation
through competitively binding endogenous miR-125b with MCL-1 by
regulating mitochondrial apoptosis pathways in ovarian cancer. Cancer
Med. 2018;7(9):4530-41.

Bhan A, et al. Long noncoding RNA and cancer: a new paradigm. Cancer
Res. 2017;77(15):3965-81.

Peng WX, et al. LncRNA-mediated regulation of cell signaling in cancer.
Oncogene. 2017;36(41):5661-7.

Wang L, et al. Long noncoding RNA (IncRNA)-mediated competing
endogenous RNA networks provide novel potential biomarkers and ther-
apeutic targets for colorectal cancer. Int J Mol Sci. 2019;20(22):5758-84.
Kong X, et al. LncRNA-CDC6 promotes breast cancer progression and
function as ceRNA to target CDC6 by sponging microRNA-215. J Cell
Physiol. 2019,234(6):9105-17.

Zhang G, et al. LncRNA MT1JP functions as a ceRNA in regulating FBXW7
through competitively binding to miR-92a-3p in gastric cancer. Mol
Cancer. 2018;17(1):87.

Luo H, et al. IncRNA CASC11 promotes cancer cell proliferation in bladder
cancer through miRNA-150. J Cell Biochem. 2019;120(8):13487-93.

. LiZ etal Exosomal INcRNA ZFAS1 regulates esophageal squamous cell

carcinoma cell proliferation, invasion, migration and apoptosis via micro-
RNA-124/STAT3 axis. J Exp Clin Cancer Res. 2019;38(1):477.

Wu W, et al. LncRNA NKILA suppresses TGF-beta-induced epithelial-mes-
enchymal transition by blocking NF-kappaB signaling in breast cancer. Int
JCancer. 2018;143(9):2213-24.

Lin X, et al. LncRNA DANCR promotes tumor growth and angiogenesis
in ovarian cancer through direct targeting of miR-145. Mol Carcinog.
2019;58(12):2286-96.

Li F, et al. LncRNA MNX1-AS1 promotes progression of intrahepatic
cholangiocarcinoma through the MNX1/hippo axis. Cell Death Dis.
2020;11(10):894.

Liu X, et al. LncRNA MNX1-AS1T promotes the progression of cervi-

cal cancer through activating MAPK pathway. J Cell Biochem.
2019;120(3):4268-77.

Liu H, et al. Long noncoding RNA MNX1-AST contributes to lung

cancer progression through the miR-527/BRF2 pathway. J Cell Physiol.
2019;234(8):13843-50.

JiD, et al. Long non-coding RNA MNX1-AS1 promotes hepatocellular
carcinoma proliferation and invasion through targeting miR-218-5p/
COMMDS axis. Biochem Biophys Res Commun. 2019;513(3):669-74.

Li AH, et al. Overexpression of INCRNA MNX1-AS1 is associated with poor
clinical outcome in epithelial ovarian cancer. Eur Rev Med Pharmacol Sci.
2017,21(24):5618-23.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

9.

Page 14 of 14

LvY, et al. Long noncoding RNA MNX1-AS1 knockdown inhibits cell pro-
liferation and migration in ovarian cancer. Cancer Biother Radiopharm.
2017;32(3):91-9.

Zhang B, et al. MicroRNA-153 suppresses human laryngeal squamous cell
carcinoma migration and invasion by targeting the SNAIT gene. Oncol
Lett. 2018;16(4):5075-83.

Kleemann M, et al. MiR-744-5p inducing cell death by directly targeting
HNRNPC and NFIX in ovarian cancer cells. Sci Rep. 2018;8(1):9020.

Chen XF, et al. MicroRNA-744 inhibited cervical cancer growth and
progression through apoptosis induction by regulating Bcl-2. Biomed
Pharmacother. 2016;81:379-87.

DengY, et al. microRNA-744 is downregulated in glioblastoma and inhib-
its the aggressive behaviors by directly targeting NOB1. Am J Cancer Res.
2018;8(11):2238-53.

Shen J, et al. MicroRNA-744 inhibits cellular proliferation and invasion

of colorectal cancer by directly targeting oncogene Notch1. Oncol Res.
2018;26(9):1401-9.

Xiang J, et al. LncRNA PLCD3-OT1 functions as a CeRNA to prevent age-
related cataract by sponging miR-224-5p and regulating PLCD3 expres-
sion. Invest Ophthalmol Vis Sci. 2019;60(14):4670-80.

Liu B, et al. Long non-coding RNA AFAP1-AST facilitates ovarian cancer
progression by regulating the miR-107/PDK4 axis. J Ovarian Res.
2021;14(1):60-71.

Huang Y. The novel regulatory role of INCRNA-mMiRNA-mMRNA axis in
cardiovascular diseases. J Cell Mol Med. 2018;22(12):5768-75.

Ma'Y, et al. Membrane-lipid associated IncRNA: a new regulator in cancer
signaling. Cancer Lett. 2018;419:27-9.

Zhao LG, et al. miR-744-5p inhibits cellular proliferation and invasion

via targeting ARF1 in epithelial ovarian cancer. Kaohsiung J Med Sci.
2020;36(10):799-807.

Min A, et al. MicroRNAs as important players and biomarkers in Oral
carcinogenesis. Biomed Res Int. 2015;2015:186904.

Du F, et al. SOX12 promotes colorectal cancer cell proliferation

and metastasis by regulating asparagine synthesis. Cell Death Dis.
2019;10(3):239.

Xu J, et al. SOX12 expression is associated with progression and poor
prognosis in human breast cancer. Am J Transl Res. 2020;12(12):8162-74.
Qu M, et al. MicroRNA-138 inhibits SOX12 expression and the prolifera-
tion, invasion and migration of ovarian cancer cells. Exp Ther Med.
2018;16(3):1629-38.

Li J, et al. Long non-coding RNA MNX1-AS1 promotes progression of
triple negative breast cancer by enhancing phosphorylation of Stat3.
Front Oncol. 2020;10:1108.

Wu ON, et al. MYC-activated LncRNA MNX1-AS1 promotes the
progression of colorectal cancer by stabilizing YB1. Cancer Res.
2021,81(10):2636-50.

Wang K, et al. LncRNA RP11-436H11.5, functioning as a competitive
endogenous RNA, upregulates BCL-W expression by sponging miR-
335-5p and promotes proliferation and invasion in renal cell carcinoma.
Mol Cancer. 2017;16(1):166-77.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	LncRNA MNX1-AS1 promotes ovarian cancer process via targeting the miR-744-5pSOX12 axis
	Abstract 
	Purpose: 
	Materials and methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Clinical tissues sample
	Cell culture
	Cell transfection
	Real-time quantitative polymerase chain reaction (RT-qPCR)
	Cell viability assay
	Colony formation assay
	Cell cycle analysis
	Cell apoptosis analysis
	Wound-healing assay
	Transwell assay
	Western blot
	Nucleoplasm isolation assay
	Luciferase reporter assay
	Statistical analysis

	Results
	The expression of MNX1-AS1 is upregulated in OC tissues and cells
	Knockdown of MNX1-AS1 inhibits OC cell proliferation, blocks cell cycle, and promotes cell apoptosis
	Knockdown of MNX1-AS1 inhibits OC cell migration and invasion
	MNX1-AS1 binds to miR-744-5p and inhibits its expression
	Overexpression of miR-744-5p inhibits OC cell proliferation, migration, invasion and promotes cell apoptosis
	SOX12 is a target gene of miR-744-5p
	The function of MNX1-AS1 miR-744-5p SOX12 axis in OC

	Discussion
	Acknowledgments
	References


