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Abstract: Background: Endometrial cancer (EC) is the fourth most common malignancy among women. Epithelial
to mesenchymal transition (EMT) and invasion have been identified as central cellular processes in tumor progres-
sion and malignant transformation. The function and molecular basis of microRNA-20a-5p (miR-20a-5p) in the
development of EC are poorly defined. Methods: RT-gPCR assay was used to detect the levels of miR-20a-5p and
signal transducer and activator of transcription 3 (STAT3) mRNA. Western blot assay was conducted to determine
protein expression of STAT3, N-cadherin, Vimentin and E-cadherin. Cell invasive capacity was examined by transwell
invasion assay. Bioinformatics analysis, luciferase reporter assay and RIP assay were performed to investigate the
interaction between miR-20a-5p and STAT3 3’UTR. Results: miR-20a-5p expression was strikingly reduced in EC
tissues and cells. Functional analysis revealed that miR-20a-5p overexpression inhibited EMT and invasion of EC
cells. Further exploration showed that miR-20a-5p inhibited STAT3 expression by direct interaction. Moreover, the
knockdown of STAT3 suppressed EMT and invasion of EC cells. Additionally, the depletion of STAT3 weakened miR-
20a-5p downregulation-induced cell EMT and invasion in EC. Conclusion: miR-20a-5p inhibited EMT and invasion
of EC cells by targeting STAT3, highlighting the vital roles of miR-20a-5p and STAT3 in the metastasis and malignant

transformation of EC.
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Introduction

Endometrial cancer (EC), also called uterine
corpus cancer, is the fourth most prevalent
malignancy among women with an estimated
63230 new cases in the USA alone in 2018 [1,
2]. Moreover, EC mortality ranks the seventh in
cancer-related deaths in the USA with an esti-
mated 11350 deaths in 2018 [1]. Although the
prognosis for patients with early stage EC is
relatively good, the 5-year relative survival rate
for patients with distant EC is only 10-30% [1,
3, 4]. Hence, it is imperative to get a better
understanding on the pathogenesis of EC so as
to identify new strategies to manage this
disease.

Epithelial to mesenchymal transition (EMT), a
vital process in tumor progression and malig-
nant transformation, is characterized by a
switch from polarized immotile epithelial phe-

notype to motile mesenchymal phenotype and
accompanied by the progressive decrease of
epithelial markers and increase of mesenchy-
mal markers [5, 6]. It has been well document-
ed that EMT plays critical roles in the invasive
process of multiple tumors including EC [5, 7].
However, the regulatory mechanisms of EMT
and invasion signals have not been fully eluci-
dated in EC.

MicroRNAs (miRNAs), a class of small evolution-
arily conserved single-strand RNAs without pro-
tein coding potential, have been reported to be
implicated in tumor initiation, progression, and
metastasis [8, 9]. Also, miRNAs play vital roles
in the regulation of cell EMT and invasion in EC
[6, 10]. For example, microRNA-106b inhibited
EMT and invasion of EC cells by targeting twist
family bHLH transcription factor 1 [11]. Micro-
RNA-93 facilitated EMT, migration and invasion
by downregulating forkhead box Al expression
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in EC cells [12]. MicroRNA-20a (miR-20a) is a
member of miR-17-92 cluster, which also con-
tains miR-17, miR-18a, miR-19a, miR-19b-1
and miR-92a [13, 14]. The upregulation of miR-
17-92 cluster has been widely reported as an
essential oncogenic event in multiple cancers
[14-16]. However, some findings showed that
miR-17-92 cluster could inhibit the develop-
ment of cancers in certain settings [15, 16]. For
instance, miR-17-5p suppressed the metasta-
sis of breast cancer cells and orthotopic xeno-
grafts [17], whereas Torres et al. pointed out
that the inhibition of miR-92a curbed EC cell
proliferation in vitro and xenograft growth in
vivo [18]. Prior studies showed that miR-20a
expression was markedly upregulated in endo-
metriotic stromal cells and increased miR-20a
facilitated the expression of elk-related tyro-
sine kinase (ERK)-related genes, which play
vital roles in angiogenesis and endometrial pro-
liferation [19], indicating a correlation between
miR-20a and EC progression.

In the present study, we aimed to further inves-
tigate the roles and molecular mechanisms of
miR-20a-5p in the EMT and invasion in EC cells.

Materials and methods
Clinical samples and cell culture

Forty-one pairs of EC tissues and adjacent nor-
mal tissues were collected from EC patients
underwent hysterectomy at our hospital during
August 2016 and October 2017. All patients did
not receive any therapy prior to recruitment to
the project. Our study was conducted with the
written informed consents from all EC patients
and the approval of Ethics Committee of
Sichuan Academy of Medical Sciences, Sichuan
Provincial People’s Hospital.

Human uterine epithelial cell line HES was
obtained from Dr. Doug Kniss (Ohio State
University, Columbus, OH). EC cell lines ECC-1
and Ishikawa were purchased from Cell Bank of
the Chinese Academy of Sciences (Shanghai,
China). HES cells were cultured in DMEM
medium(Thermo Fisher Scientific, Waltham,
MA, USA) containing 10% fetal bovine serum
(FBS, Thermo Fisher Scientific) and 100 uM
sodium pyruvate (Sigma-Aldrich, St. Louis, MO,
USA). Ishikawa cells were maintained in MEM
medium (Thermo Fisher Scientific) containing
5% FBS (Thermo Fisher Scientific), 300 mM
L-glutamine (Sigma-Aldrich), and 5 pg/ml bo-
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vine insulin (Sigma-Aldrich). ECC-1 cells were
grown in RPMI 1640 medium (Thermo Fisher
Scientific) supplemented with 5% FBS (Thermo
Fisher Scientific), 300 mM L-glutamine (Sigma-
Aldrich), and 5 pg/ml bovine insulin (Sigma-
Aldrich). All cells were maintained in an incuba-
tor containing 5% CO, at 37°C.

Reagents and cell transfection

miR-20a-5p mimic and its negative control
(miR-NC), miR-20a-5p inhibitor (anti-miR-20a-
5p), its negative control (anti-miR-NC), small
interference RNA targeting signal transducer
and activator of transcription 3 (STAT3) (siS-
TAT3) and its scramble control (siNC) were pur-
chased from GenePharma Co., Ltd (Shanghai,
China). All these oligonucleotides were trans-
fected into ECC-1 and Ishikawa cells by
Lipofectamine 2000 reagent (Thermo Fisher
Scientific) following the protocols of manu-
facturer.

Reverse transcription-quantitative PCR (RT-
gPCR) assay

Total RNA was extracted from EC tissues and
cells using Trizol reagent (Thermo Fisher
Scientific) according the instructions of manu-
facturer. For the expression determination of
miR-20a-5p, RNA was converted into cDNA
using TagMan miRNA Reverse Transcription Kit
(Thermo Fisher Scientific) and real time-qPCR
assay was performed using TagMan MiRNA
Assay Kit (Thermo Fisher Scientific) with spe-
cific quantitative primer for miR-20a-5p and U6
snRNA. For STAT3 expression analysis, cDNA
was synthesized by M-MLV reverse transcrip-
tase (Thermo Fisher Scientific) and then quanti-
fied using Fast SYBR™ Green Master Mix
(Thermo Fisher Scientific). The primer sequenc-
es of real-time PCR were presented as below:
STAT3, 5-ATCACGCCTTCTACAGACTGC-3’ (for-
ward) and 5-CATCCTGGAGATTCTCTACCACT-3’
(reverse); GAPDH, 5-TCAACGACCACTTTGTCAA-
GCTCA-3’ (forward) and 5-GCTGGTGGTCCAGG-
GGTCTTACT-3’ (reverse). U6 snRNA and GAPDH
functioned as the internal controls of miR-20a-
5p and STAT3, respectively.

Western blot assay

EC cells were collected using ice-cold PBS at
48 h post transfection and lysed using ice-cold
RIPA buffer (Cell Signaling Technology, Danvers,
MA, USA) supplemented with protease inhibitor
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Figure 1. miR-20a-5p expression was strikingly reduced in EC tissues and
cells. A and B: RT-gPCR assay was conducted to detect miR-20a-5p level in
41 pairs of EC tissues and adjacent normal tissues, HES cells, ECC-1 cells,
and Ishikawa cells. *P<0.05. A: Student’s t test, B: One-way ANOVA and Stu-

Biosciences, San Jose, CA,
USA) and medium contain-
ing 20% FBS was introduced
into the 24-well plates. After
24 h of incubation, non-fil-
tered cells were erased with a
cotton swab. Cells in the bot-
tom side of the membranes
were fixed with methanol, st-
ained with 0.1% crystal violet,
and photographed using a
light microscope. Invasive cell
number was counted in 10
random fields.

dent’s t test.

cocktail (Thermo Fisher Scientific). Protein con-
centration was measured using a Pierce BCA
Protein Assay Kit (Thermo Fisher Scientific).
Then, equal amounts of protein (40 pg/sample)
were separated by SDS-PAGE and electro-blot-
ted onto polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Bedford, MA, USA). Next,
the membranes were blocked with 5% skim
milk for 1 h at room temperature and then
probed overnight at 4°C with primary antibod-
ies against N-cadherin (ab76011, 1:5000 dilu-
tion, Abcam, Cambridge, UK), Vimentin (ab-
92547, 1:2000 dilution, Abcam), E-cadherin
(@ab133597, 1:2000 dilution, Abcam), STAT3
(@b119352, 1:5000 dilution, Abcam) and
B-actin (@b8227, 1:2000 dilution, Abcam).
Subsequently, the membranes were incubated
with horseradish peroxidase (HRP)-conjugated
goat-anti-mouse (ab6789, 1:5000 dilution,
Abcam) or goat-anti-rabbit (ab6721, 1:5000
dilution, Abcam) secondary antibody for 1 h at
room temperature. Finally, HRP activity was
detected using Pierce™ ECL Western Blotting
Substrate (Thermo Fisher Scientific) and the
relative intensity of protein bands were ana-
lyzed by Image J software (National Institutes of
Health, Bethesda, MD, USA).

Transwell invasion assay

EC cell invasive ability was assessed by tran-
swell invasion assay. Briefly, cells were trans-
fected with miRNA or siRNA for 24 h. Then,
transfected cells (1x10° cells/well) in serum-
free medium were plated in invasion chambers
pre-coated with matrigel (8 um pore size; BD
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Luciferase reporter assay

The partial segment of STAT3 3’UTR containing
predicted miR-20a-5p binding sites was con-
structed into psiCHECK-2 luciferase reporter
vector (Promega) to obtain wild type (WT) STAT3
reporter. Also, mutant type (MUT) STAT3 report-
er containing mutant miR-20a-5p binding sites
was generated using GeneArt™ Site-Directed
Mutagenesis System (Thermo Fisher Scientific).
Luciferase activities were measured using a
dual luciferase reporter assay kit (Promega,
Madison, WI, USA) referring to manufacturer’s
protocols at 48 h after transfection.

RNA immunoprecipitation (RIP) assay

ECC-1 and Ishikawa cells were transfected with
miR-NC or miR-20a-5p mimic. At 48 h after
transfection, RIP assay was conducted with
Magna RIP™ RNA-Binding Protein Immuno-
precipitation Kit (Millipore) and primary anti-
bodies against I1gG (Millipore) and Argonaute 2
(Ago 2, Millipore) following the instructions of
manufacturer. Then, STAT3 level in I1gG or Ago 2
immunoprecipitation complex was quantified
by RT-gPCR assay.

Statistical analysis

All experiments were repeated more than 3
times with the results expressed as mean *
standard deviation. Data analysis was conduct-
ed using GraphPad Prism 5 (GraphPad Sof-
tware, San Diego, CA, USA). Difference analysis
was performed using Student’s t-test (for the
comparison between two group data) or one-
way analysis of variance (ANOVA) (for the com-
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Figure 2. miR-20a-5p overexpression inhibited cell EMT and invasion in EC. A-F: ECC-1 and Ishikawa cells were
transfected with miR-20a-5p mimic or miR-NC. A: The level of miR-20a-5p was determined by RT-qPCR assay at
48 h after transfection. B-E: Protein levels of N-cadherin, vimentin, and E-cadherin were measured by western blot
assay at 48 h post transfection. F, G: Cell invasive capacity was assessed by transwell invasion assay at 48 h upon

transfection. *P<0.05. A-F: Student’s t test.

parison among multiple group data) with
P<0.05 as statistically significant.

Results

miR-20a-5p expression was strikingly reduced
in EC tissues and cells

First, RT-gPCR assay was carried out the mea-
sure miR-20a-5p level in 41 pairs of EC tissues
and adjacent normal tissues. Results showed
that miR-20a-5p level was remarkably reduced
in 41 cases of EC tissues as compared to that
in adjacent normal tissues (Figure 1A). Also, a
notable downregulation of miR-20a-5p level
was observed in EC cell lines (ECC-1 and
Ishikawa) compared with human normal uter-
ine epithelial cell line (HES) (Figure 1B). In a
word, these data indicated a close correlation
of miR-20a-5p with the pathogenesis of EC.

miR-20a-5p overexpression inhibited EMT and
invasion of EC cells

To further explore the function of miR-20a-5p in
the development of EC, miR-20a-5p mimics
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were transfected into ECC-1 and Ishikawa cells.
Firstly, RT-gPCR assay revealed that the intro-
duction of miR-20a-5p mimic resulted in the
marked upregulation of miR-20a-5p level in
ECC-1 and Ishikawa cells (Figure 2A), hinting
that miR-20a-5p mimic could be used for
the subsequent gain-of-function experiments.
Next, the effect of miR-20a-5p overexpression
on EMT and invasion was tested in ECC-1 and
Ishikawa cells. As presented in Figure 2B-E,
enforced expression of miR-20a-5p resulted in
the conspicuous reduction of N-cadherin (a
mesenchymal cell marker) and vimentin (a
mesenchymal cell marker) protein levels and
obvious increase of E-cadherin (an epithelial
cell marker) protein level in ECC-1 (Figure 2B
and 2C) and Ishikawa cells (Figure 2D and 2E),
indicating that miR-20a-5p inhibited the EMT of
EC cells. Moreover, transwell invasion assay
showed that miR-20a-5p overexpression result-
ed in the notable reduction of invasive ability of
ECC-1 and Ishikawa cells compared with con-
trol cells (Figure 2F and 2G). In sum, these data
showed that ectopic expression of miR-20a-5p
suppressed EMT and invasion of EC cells.

Int J Clin Exp Pathol 2018;11(12):5715-5724
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Figure 3. STAT3 is a target of miR-20a-5p. A: The complementary sites between miR-20a-5p and STAT3 3’UTR
and the mutant sites in mutant type STAT3 reporter. B-E: The effect of miR-20a-5p overexpression or depletion on
luciferase activity of wild type or mutant type STAT3 reporter was measured by dual luciferase reporter assay in
ECC-1 and Ishikawa cells at 48 h after transfection. F: ECC-1 and Ishikawa cells were transfected with miR-NC, miR-
20a-5p mimic, anti-miR-NC or anti-miR-20a-5p, followed by the detection of STAT3 protein level at 48 h following
transfection. G: ECC-1 and Ishikawa cells were transfected with miR-20a-5p mimic or miR-NC. Then, RIP assay was
conducted using IgG or Ago2 antibody at 48 h after transfection. Next, STAT3 mRNA level in IgG or Ago2 immunopre-
cipitation complex was determined by RT-gPCR assay. *P<0.05. A-G: Student’s t test.
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Figure 4. The knockdown of STAT3 suppressed cell EMT and invasion in EC. A-G: ECC-1 and Ishikawa cells were
transfected with siSTAT3 or siNC. A: At 48 h after transfection, STAT3 mRNA level was measured by RT-qPCR assay.
B-F: Protein levels of STAT3, N-cadherin, vimentin and E-cadherin were determined by western blot assay at 48 h
following transfection. G: Cell invasive capacity was evaluated by transwell invasion assay at 48 h upon transfection.
*P<0.05. A-G: Student’s t test.

STAT3 was a target of miR-20a-5p in ECC-1 and Ishikawa cells transfected with
anti-miR-20a-5p (Figure 3D and 3E). However,
the upregulation or downregulation of miR-20a-

5p had no influence on luciferase activity of

Bioinformatics test by TargetScan online analy-
sis website showed that there existed some

complementary sites between miR-20a-5p and
STAT3 3'UTR (Figure 3A). To further confirm this
prediction, a dual luciferase reporter assay was
performed in ECC-1 and Ishikawa cells. Results
showed that the transfection of miR-20a-5p
mimic triggered a marked downregulation of
luciferase activity of wild type STAT3 reporter in
ECC-1 and Ishikawa cells (Figure 3B and 3C).
On the contrary, the luciferase activity of wild
type STAT3 reporter was significantly elevated
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mutant type STAT3 reporter in ECC-1 and
Ishikawa cells (Figure 3B-E), indicating that
miR-20a-5p could interact with STAT3 3'UTR by
predicted binding sites. Next, western blot
assay further disclosed that ectopic expression
of miR-20a-5p resulted in an obvious reduction
of STAT3 protein level, whereas miR-20a-5p
silencing induced STAT3 expression in ECC-1
and Ishikawa cells (Figure 3F). Moreover, RIP
assay evinced that miR-20a-5p overexpression

Int J Clin Exp Pathol 2018;11(12):5715-5724
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Figure 5. The depletion of STAT3 weakened the promotive effect of miR-20a-5p loss on EC cell EMT and invasion.
A-E: ECC-1 and Ishikawa cells were transfected with anti-miR-NC, anti-miR-20a-5p, anti-miR-20a-5p + siNC or anti-
miR-20a-5p + siSTAT3. A-D: At 48 h after transfection, protein levels of N-cadherin, vimentin, and E-cadherin were
detected by western blot assay. E: Cell invasive capacity was evaluated by transwell invasion assay at 48 h upon

transfection. *P<0.05. A-E: Student’s t test.

resulted in the increase of STAT3 enrichment
level in Ago2 immunoprecipitation complex in
ECC-1 and Ishikawa cells, further implying the
potential interaction between miR-20a-5p and
STAT3 (Figure 3G). Taken together, these data
showed that miR-20a-5p inhibited STAT3
expression by direct interaction in ECC-1 and
Ishikawa cells.

The knockdown of STAT3 suppressed EMT and
invasion of EC cells

Next, we further demonstrated that the trans-
fection of siSTAT3 resulted in the marked
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reduction of STAT3 mRNA (Figure 4A) and pro-
tein (Figure 4B) levels in ECC-1 and Ishikawa
cells, meaning that siSTAT3 had potential
applied values in the exploration of STAT3 func-
tions. Moreover, protein levels of N-cadherin
and vimentin were strikingly reduced and
E-cadherin protein level was noticeably
increased in STAT3-depleted ECC-1 and Is-
hikawa cells (Figure 4C-F). Additionally, a prom-
inent reduction in cell invasive ability was
observed in ECC-1 and Ishikawa cells following
the knockdown of STAT3 (Figure 4G). In sum-
mary, these data manifested that STAT3 silenc-
ing inhibited EMT and invasion of EC cells.

Int J Clin Exp Pathol 2018;11(12):5715-5724
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The depletion of STAT3 weakened the promo-
tive effect of miR-20a-5p loss on cell EMT and
invasion in EC

Next, we further demonstrated that the deple-
tion of miR-20a-5p induced EMT and invasion
of ECC-1 and Ishikawa cells, as evidenced by
increased N-cadherin and vimentin expression,
reduced E-cadherin expression and elevated
cell invasive capacity in anti-miR-20a-5p-trans-
fected cells compared with anti-miR-NC-trans-
fected cells (Figure 5A-E). Moreover, the silenc-
ing of STAT3 resulted in the downregulation of
N-cadherin and vimentin protein levels and the
upregulation of E-cadherin protein level in
ECC-1 and Ishikawa cells transfected with anti-
miR-20a-5p (Figure 5A-D). Also, cell invasive
ability was strikingly reduced in miR-20a-5p-
depleted ECC-1 and Ishikawa cells following the
knockdown of STAT3 (Figure 5E). In other
words, these data showed that the knockdown
of STAT3 abrogated miR-20a-5p loss-induced
cell EMT and invasion in EC.

Discussion

EC is responsible for 4.8% of new-diagnosed
cancer cases and 2.1% of cancer deaths in
women globally with higher incidence, mortality
and disease burden in developed areas and
countries [3, 20, 21]. Moreover, women with EC
have a higher risk to die from cardiovascular
diseases [22]. Over the past decades, mount-
ing MiRNAs have been identified as vital play-
ers in the pathogenesis of EC with potential
values of diagnosis, screening, detection, or
therapy [23, 24].

Prior studies showed that miR-20a could exert
oncogenic or tumor suppressive roles in can-
cers. For example, miR-20a-5p overexpression
facilitated cell proliferation and migration by
downregulating runt related transcription factor
3 (RUNX3) expression in hepatocellular cancer
[25]. The depletion of miR-20a hampered the
migration and invasion of prostate cancer cells
in vitro and suppressed tumor growth in vivo by
targeting ABL2 tyrosine kinase [26]. Conversely,
Zhou et al. showed that miR-20a inhibited cell
metastasis and proliferation by targeting LIM
kinase-1 (LIMK1) in cutaneous squamous cell
cancer [27]. Zhao et al. pointed out that
enforced expression of miR-20a-5p inhibited
cell proliferation, migration and invasion, and
induced cell apoptosis by targeting high mobili-
ty group AT-hook 2 (HMGA2) in breast cancer
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[28]. In the present study, we demonstrated
that miR-20a-5p expression was strikingly
downregulated in EC tissues and cells.
Functional analysis showed that enforced
expression of miR-20a-5p inhibited EMT and
invasion of EC cells.

It is well known to us that miRNAs can exert
their functions by regulating expression or
translation of target mRNAs. Hence, bioinfor-
matics analysis by TargetScan online website
was used to seek for potential targets of miR-
20a-5p. Results showed that miR-20a-5p had a
chance to interact with STAT3 3’UTR, which was
further confirmed by subsequent luciferase
reporter assay and RIP assay.

Transcription factor STAT3, a member of STAT
family, has been widely reported to be constitu-
tively activated with potential oncogenic effect
in multiple cancers [29, 30]. For instance, Saini
et al. showed that the knockdown or inhibition
of STAT3 curbed tumor growth and metastasis
in mouse xenograft models of ovarian cancer
[31]. However, some evidences showed that
STAT3 could act as a tumor suppressor in some
circumstances. For example, the knockdown of
STAT3 promoted cancer progression in a PTEN-
deficient prostate cancer (PCa) mouse model
and the loss of STAT3 expression was associ-
ated with poor prognosis and advanced patho-
logical status in PCa [32]. Moreover, a prior
study pointed out that STAT3 phosphorylation
level was markedly elevated and positively
associated with the expression of downstream
antiapoptotic genes (e.g. Bcl-xL, survivin, and
Mcl-1) in human EC tissues [33]. Additionally,
the silence of STAT3 weakened the promotive
effect of adipose-derived stem cell medium on
proliferation and invasion of EC cells [34]. Li et
al. showed that the knockdown of STAT3 sup-
pressed cell proliferation, migration and inva-
sion and induced cell apoptosis in EC [35].

Our study further demonstrated that the silence
of STAT3 hampered cell EMT progression and
induced the reduction of invasive ability in EC,
which was in line with a prior study [35].
Additionally, restoration experiments further
showed that the knockdown of STAT3 abrogat-
ed miR-20a-5p downregulation-induced cell
EMT and invasion in EC.

Taken together, our data showed that miR-20a-
5p suppressed cell EMT and invasion by target-
ing STAT3 in EC, further elucidating the critical

Int J Clin Exp Pathol 2018;11(12):5715-5724
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roles and molecular mechanism of miR-20a-5p
in development of EC cells and providing some
candidate targets for the diagnosis and therapy
of EC. However, our study only tested the roles
of miR-20a-5p and STAT3 on EC cell EMT and
invasion in vitro. It is indispensable to further
confirm our conclusion by in vivo experiments.
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