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MicroRNA-15a-5p inhibits endometrial carcinoma proliferation,
invasion and migration via downregulation of VEGFA
and inhibition of the Wnt/f3-catenin signaling pathway
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Abstract. Endometrial carcinoma (EC) is one of the most
common malignant gynecological tumors. Dysregulation of
microRNAs (miRNAs/miRs) is frequently identified in human
tumors, playing key regulatory roles in tumor growth and
metastasis. The present study aimed to explore the functions
and potential mechanisms of miR-15a-5p in EC progression.
RT-qPCR was used to detect the expression levels of miR-15a-5p
and vascular endothelial growth factor A (VEGFA) mRNA.
Western blot analysis was performed to examine the expression
of related proteins. Functional assays, including proliferation
and Transwell assays were performed to determine the roles
of miR-15a-5p in EC progression. TargetScan and luciferase
reporter assays were used to explore the potential target genes
of miR-15a-5p. The results revealed that miR-15a-5p was
underexpressed in EC tissue samples in comparison with that
in matched normal tissue samples. The expression level of
miR-15a-5p was associated with the clinicopathologic charac-
teristics of EC patients. Notably, both in vitro and in vivo assays
revealed that miR-15a-5p upregulation significantly inhibited
EC growth and metastasis. Furthermore, bioinformatics anal-
ysis and dual luciferase reporter assay indicated that VEGFA
was a candidate target of miR-15a-5p. Mechanistic investiga-
tion revealed that miR-15a-5p inhibited EC development via
regulation of Wnt/B-catenin pathway and targeting of VEGFA.
In summary, the present results demonstrated that miR-15a-5p
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could inhibit EC development and may serve as a promising
therapeutic biomarker in EC.

Introduction

Endometrial carcinoma (EC) originates from the endometrium
and is ranked as the most prevalent reproductive malig-
nancy (1). EC patients are mostly diagnosed in early clinical
stages, but late-stage EC is frequently diagnosed with invasive
metastasis and a high relapse rate (2). Therefore, the prognosis
is usually poor with the occurrence of metastases and recur-
rence (3). To date, common treatments for EC mainly include
radiation, chemotherapy, hormonal therapy, and surgeries with
bilateral salpingo-oophorectomy and hysterectomy. These
methods remain mainstream therapies in EC treatment and
are generally only effective in patients at early stages of this
disease (4). Therefore, it is urgent to elucidate the mechanism
which occurs in EC pathogenesis for the identification of
promising therapeutic strategies.

MicroRNA (miRNA/miR) is a type of small non-coding
RNA (18-24 nucleotides in length) that could silence the target
genes via inhibition of translation or degradation of mRNAs (5).
A growing body of studies has revealed that miRs participate
in regulating a variety of cellular processes, including metas-
tasis, metabolism, differentiation and growth (6-8). Increasing
evidence has revealed that aberrant miR expression is correlated
with the genesis and development of multiple tumors, serving
as either tumor suppressors or oncogenes. Evidence from
Zhang et al revealed that miR-1299 was a tumor suppressor
in prostate carcinoma, inhibiting cell growth and metastasis
via regulation of never in mitosis gene A-related kinase 2
(NEK?2) (9). Peng et al revealed that miR-31-5p enhanced
colorectal carcinoma cell proliferation and metastasis by
targeting NUMB (10). Zhen et al reported that miR-524 induced
thyroid cancer cell apoptosis and suppressed cell proliferation
through sperm-associated antigen 9 (SPAGY) (11). Moreover,
emerging evidence has revealed that multiple miRs are impli-
cated in EC. miR-486-5p could promote EC cell proliferation,
migration, and invasion by targeting MARKI (12); miR-101-3p
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induced autophagy in EC cells by targeting EZH?2 (13); miR-522
facilitated the proliferation, invasion and migration of EC cells
by directly binding to monoamine oxidase B (14). However,
the roles of miR-15a-5p in EC have rarely been clarified. The
present study aimed to elucidate the functions of miR-15a-5p
in EC progression. Vascular endothelial growth factor (VEGF)
plays crucial roles in tumor angiogenesis and is correlated with
increased tumor metastasis and relapse (15). VEGFA is a potent
angiogenic inducer of the VEGF family and increased VEGFA
expression has been detected in various human tumors (16,17).
Recent studies have revealed that VEGFA may enhance cancer
growth and progression in preclinical hepatocellular carcinoma
models and genomic VEGFA amplification was identified
as a predictive marker for hepatocellular carcinoma (18,19).
Overexpressed VEGFA was detected in colorectal cancer
tissues and upregulation of VEGFA reversed the suppressive
roles mediated by miR-150-5p overexpression in colorectal
cancer (20). In EC, VEGF was indicated to function as a
prognostic marker (21). miR-34a-5p downregulated VEGFA
in endometrial stem cells, contributing to the pathogenesis of
endometriosis (22). In the present study, the correlation between
miR-15a-5p and VEGFA in EC progression was investigated.

Materials and methods

Cell culture and transfection. Human EC cell lines (AN3CA,
HEC-1B, HEC-1A, and RL95-2) and endometrial stromal cell
line T-HESCs were maintained in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 10% fetal bovine serum
(FBS; both Gibco; Thermo Fisher Scientific, Inc.) in a humidi-
fied incubator of 5% CO, at 37°C.

miR-15a-5p mimic, inhibitor and negative controls were
constructed by Shanghai GenePharma Co., Ltd. miR-15a-5p
mimics (50 nM) were transfected into HEC-1A cells and
miR-15a-5p inhibitor (50 nM) was transfected into AN3CA
cells in accordance with the instructions of Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) at room
temperature for 48 h. The primer sequences were as follows:
miR-15a-5p mimic (sense, 5-UAGCAGCACAUAAUGGUU
UGUG-3' and antisense, 5-CAAACCAUUAUGUGCUGC
UAUU-3"); mimic control (sense, 5'-UUCUCCGAACGU
GUCACGUTT-3" and antisense, 5~ ACGUGACACGUUCGG
AGAATT-3"); miR-15a-5p inhibitor (5'-CACAAACCAUUA
UGUGCUGCUA-3"); inhibitor control (5'-CAGUACUUU
UGUGUAGUACAA-3"). The cells were inoculated in a 6-well
plate with an inoculation density of ~2.5x10° cells/well, and
incubated in a 37°C incubator. Logarithmically growing cells
were selected and inoculated in a culture plate, and the cell
confluence was ~80% before transfection. Subsequent experi-
mentations were performed at 48-h after transfection.

Clinical specimens. A total of 49 pairs of EC tissue samples
and adjacent para-tumor tissues were acquired from the
Weifang People's Hospital (Weifang, China) from August 2015
to June 2018. The age range of patients was 43-68 years (mean
age, 51 years old). The inclusion criteria used were as follows:
i) The EC tissue specimens were confirmed by pathology, and
the adjacent para-carcinoma tissue specimens were confirmed
by pathology that there was no tumor cell invasion; ii) the
patients had not received immunotherapy, radiotherapy and

chemotherapy or other antitumor treatments before surgery.
The exclusion criteria were as follows: Patients who also
had other i) malignant tumors; ii) severe cardiovascular and
cerebrovascular diseases; and iii) hematological diseases. The
tissue specimens were snap-frozen in liquid nitrogen after
surgical resection and reserved at -80°C for further usage.
In the present study, no patient had received prior irradiation
or chemotherapy. Informed consent was obtained from the
subjects for the use of their samples for experimentation. The
present study conformed to the Code of Ethics from the Ethics
Committee of Weifang People's Hospital.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was isolated from EC/normal tissues
and cells by TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). To detect miR-15a-5p expression, TagMan
MicroRNA Reverse Transcription Kit (Thermo Fisher
Scientific, Inc.) was used to reverse transcribe total RNA
into cDNA. For VEGFA detection, cDNA was synthesized
by Prime Script RT Reagent Kit (Takara Biotechnology
Co., Ltd.). Thereafter, qPCR was conducted on an ABI 7500
Detection System with SYBR Premix Ex Taq™ kit (Takara
Biotechnology Co., Ltd.) or a TagMan MicroRNA Assay Kit
(Thermo Fisher Scientific, Inc.) for VEGFA or miR-15a-5p,
respectively. The thermocycling conditions were as follows:
Pre-denaturation at 94°C for 5 min, followed by 40 cycles of
denaturation at 94°C for 30 sec, annealing at 55°C for 30 sec
and extension at 72°C for 90 sec. The relative expression levels
were analyzed using the 222 method (23), with normaliza-
tion to GAPDH or U6. The primers are presented in Table I.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay. Transfected EC cells (5x10%)
were seeded into 96-well plates. Then, cell viability was
assessed at indicated time-points (0, 24, 48 and 72 h) after
transfection by MTT assay. In brief, 10 ul MTT solution
(0.5 mg/ml; Sigma-Aldrich; Merck KGaA) was added into
the cells, followed by incubation in a humidified chamber
at 37°C for 4 h. Subsequently, 150 1 DMSO (Sigma-Aldrich;
Merck KGaA) was added to each well for full dissolution of
crystallization. The absorbance at 490 nm was detected by a
microplate reader (BioTek Instruments, Inc.).

Transwell assay. The influence of miR-15a-5p on EC cell
invasion and migration was assessed by Transwell chamber
with an 8-ym pore size membrane (Corning, Inc.). For inva-
sion assays, cells in FBS-free medium were added to the
upper Matrigel-coated Transwell chamber. For the migration
assay, the chamber was not coated with Matrigel. In addi-
tion, the medium containing 10% FBS was added into the
bottom chamber. The cells were cultured at 37°C for 48 h.
The migrated/invasive cells were fixed with 95% ethyl alcohol
for 15 min at room temperature and stained with 0.1% crystal
violet for 10 min at room temperature. Finally, the stained cells
were quantified under a light microscope (BX-42; Olympus
Corporation; magnification, x200).

Western blot analysis. Total protein lysate was obtained
by ice-cold radioimmunoprecipitation lysis buffer (RIPA;
Thermo Fisher Scientific, Inc.), and quantified with a
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Table I. Primer sequences for RT-qPCR.

Primer Sequence

miR-15a-5p  F: 5-"TAAGGCACGCGGTGAATGCC-3'
R: 5-GCCTGGGTCTCACCATGTAG-3'
U6 F: 5'-CTCGCTTCGGCAGCACA-3'

R: 5-AACGCTTCACGAATTTGCGT-3'

VEGFA F: 5-TGGCTCACTGGCTTGCTCTA-3'
R: 5'-ATCCAACTGCACCGTCACAG-3'
GAPDH F: 5-CCAGGTGGTCTCCTCTGACTT-3'

R:5-GTTGCTGTAGCCAAATTCGTTGT-3'

miR-15a-5p, microRNA-15a-5p; F, forward; R, reverse; U6, small
nuclear RNA (snRNA); VEGFA, vascular endothelial growth
factor A; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

bicinchoninic acid (BCA) assay kit (Pierce; Thermo Fisher
Scientific, Inc.). Then, 30 ug lysate was separated by
10% sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE), and transferred onto a polyvinylidene
fluoride (PVDF) membrane. The membrane was blocked with
5% skim milk at room temperature for 1 h in Tris-Buffered
Saline and 0.1% Tween-20 (TBST). Thereafter, the membranes
were incubated overnight at 4°C with a primary antibody,
followed by a 2-h incubation with secondary antibody goat
anti-rabbit IgG H&L (HRP) (1:4,000; product code ab7090)
at room temperature. The primary antibodies were as follows:
Antibodies against VEGFA (1:10,000; product code ab52917),
cyclin DI (1:1,000; product code ab40754), c-Myc (1:1,000;
product code ab32072), B-catenin (1:1,000; product code
ab68183), p-GSK3p (1:1,000; product code ab131097), total
GSK3p (1:1,000; product code ab227208), E-cadherin (1:2,000;
product code ab133597), N-cadherin (1:2,000; product
code ab207608), vimentin (1:1,000; product code ab137321)
and GAPDH (1:1,000; product code ab128915). All antibodies
were obtained from Abcam. GAPDH served as an internal
control. Finally, the membranes were visualized with the ECL
reagent (EMD Millipore). ImageJ software (version 1.48;
National Institutes of Health) was used for densitometry.

Bioinformatic analysis. The putative human target genes of
miR-15a-5p were analyzed using the TargetScan (version 6.0;
targetscan.org/) (24,25).

Luciferase reporter assay. Two types of VEGFA 3'UTR frag-
ments [wild-type (WT) or mutant (MUT)] were inserted into
the pGL3 vector (Promega Corporation) to obtain the VEGFA
3'UTR-WT or -MUT reporter. EC cells were co-transfected
with miR-15a-5p mimics and VEGFA 3'UTR-WT or -MUT
by Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). After 48 h of transfection, the Dual-Luciferase Reporter
Assay System (Promega Corporation) was applied to evaluate
the luciferase activity. Relative firefly luciferase activity was
normalized to Renilla luciferase activity.

In vivo tumor xenograft mouse model. The lentiviral
plasmid containing miR-15a-5p (lenti-miR-15a-5p) or a

control (lenti-control) were constructed and synthesized by
Shanghai GenePharma Co., Ltd. A three-plasmid system
and 9 ug lentiviral vectors were co-transfected into the
293 cells (Invitrogen; Thermo Fisher Scientific, Inc.) through
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). The rate of lentiviral plasmid: Packaging vector:
Envelope was 1:1:1. Lentivirus-containing medium was
collected 48 h after transfection and used to infect HEC-1A
cells (5x10° cells/well, in six-well plates) at a multiplicity of
infection (MOI) of 20. Subsequently, 48 h after lentiviral
infection, 1 xg/ml puromycin was used to select the infected
cells. After 72 h, transfected cells were suspended in DMEM
and injected subcutaneously into the dorsal flank of the nude
mice. For in vivo xenograft studies, a total of 12 BALB/c nude
mice (aged 4-6 weeks; female; 20-25 g) were obtained from
Beijing Vital River Laboratory Animal Technology Co., Ltd.
and the animal experiments were approved by the Animal
Care and Use Committee of Weifang People's Hospital. The
nude mice were housed in pathogen-free environment with
a 12-h light/dark cycle, temperature (26°C), humidity (50%)
and free access to food and water. HEC-1A cells (5x10°)
packaged with lentiviral vector containing miR-15a-5p
(lenti-miR-15a-5p) or a control (lenti-control) were suspended
in DMEM and injected subcutaneously into the dorsal flank
of the nude mice (n=6 per group). Then, 10 days after inocula-
tion, tumor volumes were measured every 3 days following the
formula: Volume (mm?®)=(length x width?)/2. Subsequently,
the mice were sacrificed by cervical dislocation after 28 days.
All surgical procedures were performed under 1% sodium
pentobarbital anesthesia 70 mg/kg, and all efforts were made
to minimize suffering.

Statistical analysis. All experiments were conducted at least
thrice. Statistical analyses were performed by Statistical
Product and Service Solutions (SPSS) software version 17.0
(SPSS Inc.). Comparisons of two or more groups were
determined by unpaired Student's t-test or one-way ANOVA
analysis along with Dunnett's post hoc test. The Kaplan-Meier
analysis along with log-rank test was applied to analyze the
overall survival (OS) of EC patients. Comparison of the tumor
volume between the two groups was performed by unpaired
t-test. Statistical analysis for miR-15a-5p expression and the
clinicopathological characteristics was performed by the
¥’ test. P<0.05 indicated a statistically significant difference.

Results

Downregulated miR-15a-5p is associated with unfavorable
prognosis in EC patients. To explore the functional roles of
miR-15a-5p in EC, miR-15a-5p levels in EC tissues and cell
lines were detected. According to RT-qPCR, it was revealed
that miR-15a-5p expression in EC tissues was lower than that
in the matched normal tissue samples (Fig. 1A). Similarly,
compared to T-HESCs, EC cells had significantly lower
miR-15a-5p expression (Fig. 1B). Moreover, to investigate the
clinicopathological significance of miR-15a-5p in EC progres-
sion, the EC patients were grouped into a high-miR-15a-5p
expression group and a low-miR-15a-5p expression group
based on the median miR-15a-5p expression level. As revealed
in Table II, patients in the low-miR-15a-5p expression group
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Table II. Association of miR-15a-5p expression with the clinicopathological characteristics of EC patients.

miR-15a-5p* expression

Clinicopathological Features Cases (n=49) High (n=17) Low (n=32) P-value

Age (years) 0.203
>56 26 7 19
<56 23 10 13

Pathology classification 0.061
Well + moderate 24 9 15
Poor 25 8 17

FIGO stage 0.031°
I-11 22 13 9
II-1v 27 4 23

Lymph-node metastasis 0.012°
Yes 29 5 24
No 20 12 8

ER status 0.078
Positive 20 9 11
Negative 39 8 21

PR status 0.092
Positive 23 10 13
Negative 26 7 19

"The mean expression level of miR-15a-5p was used as the cutoff. *Statistically significant. miR-15a-5p, microRNA-15a-5p; EC, endometrial
carcinoma; FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone receptor.
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Figure 1. Decreased miR-15a-5p expression in EC is associated with aggressive clinicopathologic features. (A and B) RT-qPCR was performed to detect
miR-15a-5p expression in EC tissues and cell lines. (C) Kaplan-Meier analysis revealed that low miR-15a-5p expression was significantly associated with
shorter OS of EC patients. "P<0.05 and “P<0.01. EC, endometrial carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;

miR-15a-5p, microRNA-15a-5p; OS, overall survival.

exhibited aggressive clinicopathological phenotypes in
comparison to patients in the high-miR-15a-5p expression
group. Additionally, low miR-15a-5p expression was also
associated with unfavorable prognosis of EC patients as
demonstrated by Kaplan-Meier analysis (Fig. 1C).

miR-15a-5p suppresses EC cell viability. Since the
decreased miR-15a-5p expression in EC was confirmed,
functional assays were further carried out to determine its
specific roles in EC. Firstly, miR-15a-5p mimics or inhibitor

were transfected into HEC-1A and AN3CA cells according
to their relatively low and high endogenous miR-15a-5p
expression. As revealed in Fig. 2A and B, the successful
overexpression or inhibition of miR-15a-5p was confirmed
by RT-qPCR. Then, an MTT assay was performed to
detect the proliferation ability of transfected cells. The
results revealed that miR-15a-5p upregulation significantly
suppressed HEC-1A cell proliferation (Fig. 2C). Conversely,
the viability of AN3CA cells was significantly increased by
miR-15a-5p inhibitor (Fig. 2D).
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Figure 2. miR-15a-5p upregulation suppresses EC cell viability. (A and B) miR-15a-5p overexpression or inhibition in HEC-1A or AN3CA cells was confirmed
by RT-gPCR. (C and D) Cell viability of HEC-1A or AN3CA cells which were transfected with miR-15a-5p mimics or inhibitor was detected by MTT assay.
“P<0.01 and ""P<0.001. miR-15a-5p, microRNA-15a-5p; EC, endometrial carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide; NC, negative control.

miR-15a-5p inhibits EC cell invasion and migration.
Subsequently, Transwell assays were performed to explore
the effects of miR-15a-5p on EC cell invasion and migra-
tion. In Fig. 3A and B, it was observed that both the invasion
and migration capacities of HEC-1A cells were significantly
impaired by miR-15a-5p mimics. Conversely, miR-15a-5p
silencing in AN3CA cells significantly facilitated cell invasion
and migration (Fig. 3C and D). In sum, all these data revealed
that miR-15a-5p functioned as a tumor suppressor in EC.

miR-15a-5p directly targets and negatively regulates
VEGFA. Mechanistically, the target genes of miR-15a-5p
were identified by Targetscan, and the results revealed that
VEGFA was a candidate target of miR-15a-5p. The targeting
sites between VEGFA and miR-15a-5p are presented in
Fig. 4A. Then, a luciferase reporter assay was conducted to
verify the association. Findings revealed that the luciferase
activity of VEGFA-3'UTR-WT was significantly decreased
by miR-15a-5p mimics in EC cells, whereas no evident
variation on luciferase activity of VEGFA-3'UTR-MUT
was detected (Fig. 4B). Moreover, the regulatory roles
of miR-15a-5p in VEGFA expression were examined by
performing western blotting. miR-15a-5p silencing signifi-
cantly enhanced VEGFA levels in AN3CA cells (Fig. 4C).
In addition, VEGFA levels in the miR-15a-5p-overexpressed
HEC-1A cells were significantly decreased (Fig. 4D). The
aforementioned collective data revealed that VEGFA was a
direct target of miR-15a-5p.

Upregulated VEGFA in EC indicates poor prognosis of
EC patients. Since VEGFA was confirmed as a target of
miR-15a-5p, the clinical value of VEGFA in EC development
was further explored. As indicated by RT-qPCR, VEGFA was
significantly upregulated in EC tissues when compared to that
in the adjacent non-tumor tissue samples (Fig. 5A). Similarly,
the increased VEGFA levels were also identified in EC cell
lines (Fig. 5B). Subsequently, Kaplan-Meier analysis was
performed to clarify the role of the ectopic VEGFA expression
in EC patients. As revealed in Fig. 5C, high VEGFA expres-
sion resulted in a significantly poorer prognosis of EC patients
than low VEGFA expression. Data revealed that VEGFA was
partially involved in the functions of miR-15a-5p in EC.

miR-15a-5p regulates the Wnt/f3-catenin signaling pathway
and epithelial-mesenchymal transition (EMT) in EC cells.
The potential mechanism of miR-15a-5p was further investi-
gated by western blot analysis. Firstly, the expression levels
of EMT-related proteins were detected. In HEC-1A cells,
miR-15a-5p mimics significantly increased the expression level
of E-cadherin while significantly decreasing vimentin and
N-cadherin expression levels (Fig. 6A). In contrast, E-cadherin
was downregulated whereas vimentin and N-cadherin
were upregulated by miR-15a-5p inhibitor in AN3CA cells
(Fig. 6B). Expression levels of Wnt/B-catenin-related proteins,
including activated B-catenin, c-Myc, cyclin D1, and p-GSK3f
were significantly inhibited by miR-15a-5p overexpression
(Fig. 6C). Moreover, in AN3CA cells, miR-15a-5p inhibitor had
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Figure 3. miR-15a-5p inhibits EC cell invasion and migration. (A and B) Transwell assays indicated that the invasion and migration abilities of HEC-1A cells
were significantly suppressed by miR-15a-5p mimics. (C and D) The invasion and migration capacities of AN3CA cells were promoted by miR-15a-5p inhibitor
as detected by Transwell assays. ‘P<0.05 and “P<0.01. miR-15a-5p, microRNA-15a-5p; EC, endometrial carcinoma; NC, negative control.

the opposite effects on the Wnt/p-catenin pathway (Fig. 6D).
Collectively, miR-15a-5p could block EMT and Wnt/f3-catenin
pathway of EC cells.

miR-15a-5p suppresses EC tumorigenesis in vivo. The
effect of miR-15a-5p on EC in vivo was further investigated
by tumorigenicity analysis in mice xenografts. Firstly, the
expression of miR-15a-5p in HEC-1A cells, which were
transfected with lenti-miR-15a-5p, was detected. As revealed
in Fig. 7A, miR-15a-5p was stably upregulated in cells with
transfection of lenti-miR-15a-5p. As revealed by a significant
decrease in tumor volumes, miR-15a-5p overexpression mark-
edly suppressed tumor growth in mice xenografts compared
with controls (Fig. 7B and C). Moreover, the regulatory
functions of miR-15a-5p in regulating VEGFA expression
and the Wnt/B-catenin pathway in an in vivo mouse model
were confirmed by western blotting. The results revealed

that the expression levels of VEGFA and Wnt/B-catenin
pathway-related genes were inhibited by miR-15a-5p (Fig. 7D).

Discussion

Generally, advanced EC patients usually have a high recur-
rence rate and poor prognosis, and existing therapeutic
methods for EC patients have various shortcomings (26). In
brief, chemotherapy seriously affects the quality of life, radio-
therapy causes gastrointestinal reactions, ovarian resection
induces menopausal symptoms in premenopausal women, and
uterus removal leads to infertility (27). Moreover, they also
severely affect the treatment and diagnosis progression of EC.
Moreover, the molecular biology of EC genesis and progres-
sion remain indistinct. Hence, to explore the EC pathogenesis
and identify novel diagnostic and therapeutic biomarkers
for EC prognosis is of great significance. In recent years,
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vascular endothelial growth factor A; WT, wild-type; MUT, mutant; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; EC, endometrial

carcinoma; NC, negative control.
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differentially expressed miRNAs have been identified in EC,
indicating their importance in EC development (28).
Tumorigenesis progresses by losing adhesion and tight
junctions as well as gaining invasive features, leading to
EMT, which is characterized by suppression of E-cadherin
expression and enhancement of N-cadherin expression (29).
EMT is a pivotal step in tumor invasion and metastasis, and
the understanding of EMT has greatly improved owing to
the identification of miRs, which regulate downstream events
and signaling pathways (30). Furthermore, in EC progres-
sion, molecular events still require further exploration and
miR-15a-5p may play important roles in EMT. As a critical
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developmental pathway, Wnt/p3-catenin signaling is considered
important for cell differentiation, self-regeneration, growth,
developmental decisions in tissue homeostasis, embryonic
development, and tumorigenesis (31,32). Abnormal activation
of the Wnt/p-catenin pathway may lead to the development of
multiple human tumors (33). Previous studies have revealed
that Wnt/B-catenin is involved in EC progression (34,35). For
instance, the Wnt/f3-catenin pathway was involved in the func-
tions of the hsa_circ_0002577/miR-197/CTNNDI axis in EC
development (34). Moreover, a study by Chen er al revealed
that miR-202 inhibited cell migration and invasion through
targeting FGF2 and inactivating Wnt/B-catenin signaling in
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EC (36). In the present study, the functions of Wnt/p-catenin
signaling in EC progression regulated by miR-15a-5p were
further explored. Accumulating studies have revealed that
miR-15a-5p is a pivotal regulator in numerous human tumors.
For instance, miR-15a-5p was identified as a prognostic
predictor in recurrent colorectal adenocarcinoma (37).
Moreover, miR-15a-5p could suppress hepatocellular carci-
noma division and proliferation via targeting brain-derived
neurotrophic factor (BDNF) (38). As indicated in the present
study, miR-15a-5p was revealed to be underexpressed in EC,
which indicated aggressive phenotypes and poor prognosis of
EC patients. In addition, it was also verified that miR-15a-5p
overexpression could inhibit EC progression both in vivo
and in vitro. Data also revealed that miR-15a-5p could target
VEGFA and thereby regulated its expression, suggesting that
VEGFA was an essential regulator of miR-15a-5p-mediated
functions in EC. It is well known that EMT and Wnt/f3-catenin
signaling are crucial factors in EC progression, and the present
study revealed that miR-15a-5p exerted its roles in EC via
blocking EMT and Wnt/p-catenin.

In conclusion, decreased miR-15a-5p expression was asso-
ciated with poor prognosis and malignant clinicopathologic
features of EC patients. Moreover, miR-15a-5p overexpression
could downregulate VEGFA in EC cells, resulting in suppres-
sion of cell growth, invasion and migration. Additionally, it
was also verified that miR-15a-5p could regulate EMT and the
Wnt/B-catenin pathway. The aforementioned data may provide
novel insights into the identification of promising therapeutic
and diagnostic strategies for EC treatment.
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