ONCOLOGY LETTERS 21: 427, 2021

miR-20a-Sp inhibits endometrial cancer
progression by targeting janus kinase 1
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Abstract. Endometrial cancer (EC) is a multi-factorial disease
of which pathogenesis has not been fully elucidated. The
function and underlying mechanism of microRNA-20a-5p
(miR-20a-5p) in EC remain poorly understood. The present
study aimed to analyze the association between miR-20a-5p
expression and the clinicopathological characteristics of
patients with EC. Whether miR-20a-5p could inhibit EC
progression by targeting janus kinase 1 (Jak1) was subsequently
investigated. To do so, human EC tissues and paracancerous
tissues were collected from 47 patients with EC. miR-20a-5p
and Jakl mRNA and protein expression was determined by
reverse transcription quantitative PCR and western blotting,
respectively. Cell proliferation, invasive ability and adhesion
were investigated by MTT, Matrigel invasion and cell adhe-
sion assays, respectively. Dual luciferase reporter assay was
used to verify whether miR-20a-5p could directly target Jakl.
The results demonstrated that miR-20a-5p was downregulated
and that Jak1 was upregulated in EC tissues compared with
paracancerous tissues. In addition, miR-20a-5p expression and
Jak1 expression level were negatively correlated in EC tissues.
miR-20a-5p expression was also significantly associated with
the depth of myometrial invasion, FIGO stage, histologic grade
and lymph node metastasis in patients with EC. Furthermore,
Jak1 was identified as a new direct target of miR-20a-5p, and
Jakl overexpression was demonstrated to reverse the effects
of miR-20a-5p-mimic on EC cell proliferation, invasive
ability and adhesion. Taken together, the results from this
study revealed for the first time that miR-20a-5p expression
was significantly associated with the clinicopathological
characteristics of patients with EC. These findings suggested
that miR-20a-5p may act as a tumor suppressor in EC, in part
through decreasing Jakl expression. miR-20a-5p and Jakl
may therefore serve as potential therapeutic targets in EC.
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Introduction

Endometrial cancer (EC) is the most common gynaecological
cancer in developed countries, and the incidence of EC is
increasing rapidly worldwide (1,2). Over 189,000 cases of endo-
metrial cancer are diagnosed worldwide per year and ~45,000
mortality cases (3.4). EC is a multi-factorial disease of which
pathogenesis has not been fully elucidated. Most cases of EC
are diagnosed at an early-stage and have a good prognosis after
surgery alone; however, the 5-year survival rate is only 17% for
patients with distant metastatic disease (5,6). It is therefore crucial
to understand the underlying mechanisms of EC metastasis in
order to develop effective strategies for EC diagnosis and therapy.

MicroRNAs (miRs) are a class of short non-coding RNAs
that regulate gene expression at the post-transcriptional level by
binding to the 3' untranslated region (3'UTR) of target mRNA (7).
Abnormal expression of miRNAs has been found in various
types of tumor and is frequently associated with numerous
aspects of tumor progression, including proliferation, differentia-
tion, invasion, migration, apoptosis and senescence (8). Emerging
evidence has revealed that several miRNAs are dysregulated
in EC (9-11) and can act as either potent oncogenes or tumor
suppressor genes (12-14). For example, miR-23a and miR-135a
have been demonstrated to inhibit EC development (12,14).
Conversely, miR-29b can inhibit the proliferation and decrease
the migratory and invasive abilities of EC cells (13). miR-20a-5p
is a member of the miR-17-92 cluster, which plays a complex role
in tumorigenesis (15). Dysregulation of miR-20a-5p has been
observed in various cancers, including colorectal cancer, cervical
cancer, ovarian cancer and hepatocellular carcinoma (16).
Ramén et al (17) reported that miR-20a-5p is significantly down-
regulated in cancerous endometrium compared with control
endometrium. Furthermore, a negative correlation between
vascular endothelial growth factor A protein expression and
miR-20a expression is observed in EC specimens (17). However,
the function and underlying mechanism of miR-20a-5p in EC
remain poorly understood.

Janus kinase 1 (Jakl) is a member of a class of protein-tyro-
sine kinases which are involved in autoimmune diseases and
malignancies (18,19). Jakl phosphorylates the proteins named
signal transducers and activators of transcription in response to
interferon (20) and serves a critical role in cancer progression.

The present study aimed to examine the expression of
miR-20a-5p in human EC tissues and to determine the association
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between miR-20a-5p expression and the clinicopathological
characteristics of patients with EC. The effects of miR-20a-5p on
cell proliferation, invasive ability and adhesion were investigated.
Whether miR-20a-5p could inhibit EC progression by targeting
janus kinase 1 (Jakl) was also evaluated. The findings from this
study might provide a better understanding of EC pathogenesis.

Materials and methods

Tissue collection. The present study was approved by the
Ethics Committee of The First Affiliated Hospital of Hebei
North University (Zhangjiakou, Hebei, China). All patients
provided written informed consent in compliance with the
code of ethics of the World Medical Association (Declaration
of Helsinki). Human EC tissues and paracancerous tissues
were collected from 47 patients with EC who underwent
surgical resection. None of the patients had received chemo-
therapy or radiotherapy prior to surgery. The tissue samples
were immediately frozen in liquid nitrogen.

Cell culture and transfection. The normal human endometrial
stromal cell line hESC (cat. no. BNCC340262) and the EC cell
lines Ishikawa, KLE, HHUA and RL95-2 were purchased from
BeNa Culture Collection. All cells were cultured in Dulbecco's
modified Eagle's medium/F12 (Invitrogen; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Invitrogen;
Thermo Fisher Scientific, Inc.). HEK293 cells were purchased
from the American Type Culture Collection and cultured in
RPMI Medium 1640 (Invitrogen; Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS. Cells were placed at 37°C
in a humidified incubator containing 5% CO,. Ishikawa cells
were transfected with 2 yM miR-negative control (NC),
2 yM miR-20a-5p-mimic, 2 #uM miR-20a-5p-inhibitor, 4 ug
pcDNA3.1 or4 ug Jak1-pcDNA3.1 (Shanghai GenePharma Co.,
Ltd.) using Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturers' instructions.
After 48 h, cells were observed under a fluorescence micro-
scope and the transfection efficiency was >80% (Fig. S1).

Reverse transcription-quantitative (RT-g) PCR. miRNAs
were isolated from tissues or cultured cells using mirVanaTM
miR isolation kit (Ambion; Thermo Fisher Scientific, Inc.).
Total RNA was isolated using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). cDNA was synthesized from
5 ng of total RNA using the First Strand cDNA Synthesis kit
(Fermentas; Thermo Fisher Scientific, Inc.) according to the
manufacturers' instructions. The sequences of primers were as
follows: Jakl, forward 5'-AGCGATGTCCTTACCACACC-3,
reverse 5'-CCTCAACACACTCAGGAGCA-3"; GAPDH,
forward 5'"TCAACGACCACTTTGTCAAGCTCA-3', reverse
5'-GCTGGTGGTCCAGGGGTCTTACT-3'; miR-20a-5p,
forward 5" TAAAGTGCTTATAGTGCAGGTAG-3, reverse
5" TGGTGTCGTGGAGTCG-3"; and U6, forward 5'-CTCGCT
TCGGCAGCACA-3' and reverse 5-AACGCTTCACGAATT
TGCGT-3'. Amplification and detection were performed with
a SYBR-Green PCR kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.) on the ABI PRISM 7700 Sequence Detection
System (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The thermocycling conditions were as follows: 95°C for 4 min,
followed by 40 cycles of 95°C for 30 sec, 59°C for 30 sec and

72°C for 1 min with a final extension at 72°C for 5 min. The

relative expression levels were normalized to endogenous
controls U6 and GAPDH and were expressed as 2444 (21).

Western blotting. Tissues and cells were collected and lysed
using RIPA buffer (Beyotime Institute of Biotechnology) at 4°C.
Protein concentration was determined using the BCA Protein
Assay kit (Beyotime Institute of Biotechnology). Proteins
(40 ug) were separated by 10% SDS-PAGE and transferred onto
PVDF membranes (EMD Millipore). Subsequently, membranes
were blocked with 5% skimmed milk at 4°C overnight. After
washing in Tris-buffered saline-Tween-20 (0.05%) solution,
membranes were incubated with mouse monoclonal primary
antibodies against Jak1 (1:400; cat. no. sc376996; Santa Cruz
Biotechnology, Inc.) and GAPDH (1:1,000; cat. no. sc365062;
Santa Cruz Biotechnology, Inc.) at 4°C overnight. Membranes
were then incubated with IgG-horseradish peroxidase-conju-
gated secondary antibody (1:5,000; cat. no. sc2005; Santa Cruz
Biotechnology, Inc.) at 37°C for 1 h. Pierce SuperSignal West
Pico Chemiluminescent Substrate (Pierce Biotechnology, Inc.)
was used to detect the signal on the membrane. The data were
analyzed via densitometry using ImageJ software (version 1.8.0;
National Institutes of Health) and normalized to expression of
the internal control GAPDH.

Dual luciferase reporter assay. Plasmid constructs carrying
wild type or mutant Jakl 3'UTR in the psiCHECK vector were
cotransfected with miR-20a-5p mimic or miR NC into HEK293
cells using Lipofectamine 2000. miR-20a-5p mimic and miR
NC were synthesized by Shanghai GenePharma Co., Ltd. and
the sequences were as follows: miR-20a-5p mimic, sense,
5-UAAAGUGCUUAUAGUGCAGGUAG-3'; miR-20a-5p
mimic, antisense, 5~ ACCUGCACUAUAAGCACUUUAUU-3.
miR NC, 5-UUGUACUACACAAAAGUACUG-3". After 48 h,
the luciferase activity was measured using the Dual-Luciferase
Reporter 1000 System (Promega Corporation). Renilla lucif-
erase activity was normalized to firefly luciferase activity to
control transfection efficiency.

MTT assay. Cell proliferation was determined using a MTT
Assay Kit from Abcam according to the manufacturers' instruc-
tions. Briefly, cells at the density of 1x10*/well were cultured in
96-well plates for 24, 48, 72 and 96 h and were incubated with
10 ul of MTT reagent for 3 h at 37°C. Subsequently, MTT solvent
was added to dissolve purple formazan crystals and cells were
further incubated at 37°C for 15 min. Absorbance was read at
570 nm using a microplate reader (Bio-Rad Laboratories, Inc.).

Cellinvasionassay. Transwell inserts (Corning) were precoated
with Matrigel (1:20; Corning) 37°C for 30 min before seeding
the cells. At 48 h post-transfection, cells were collected with
serum-free media and seeded into the upper chamber at a final
concentration of 5x10* cells/ml whereas medium containing
10% FBS was added into the lower chamber. After incubation
at 37°C for 8 h, the non-invasive cells in the upper chamber
were removed gently using cotton swabs. The cells that have
invaded the bottom of the membranes were fixed with ethanol,
stained with hematoxylin. Cells were observed under an
inverted light microscope (CKX31, Olympus Corporation;
magnification, x400). The number of invaded cells was
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Table I. The association between miR-20a-5p expression and clinicopathologic features of EC patients.

Clinicopathologic features Cases, n=47 miR-20a-5p expression® P-value
Age, years

<55 26 0.448+0.08

>55 21 0.413+0.11 0.227
Depth of myometrial invasion

<172 35 0.413+0.097

=1/2 12 0.490+0.067 0.015
FIGO stage®

I+11 34 0.414+0.097

HI+1V 13 0.481+0.076 0.03
Histologic grade

Gl 30 0.404+0.098

G2 7 0.430+0.043

G3 10 0.518+0.065 0.003
Lymph node metastasis

Yes 8 0.484+0.063

No 39 0.422+0.100 0.036*

12009 FIGO staging of endometrial cancer; "normalized to the expression of miR-20a-5p in the paracancerous tissues.

quantified by counting five randomly chosen microscopic
fields.

Fibronectin adhesion assay. At 48 h post-transfection,
cells were seeded at the density of 5x10* cells per well into
96-well plates that were precoated with 1% human plasma
fibronectin-purified protein (EMD Millipore). After incuba-
tion at 37°C for 2 h, cells were washed with PBS three times
and fixed with 3.7% formaldehyde at room temperature for
40 min. Cells were stained with 0.1% crystal violet solution at
room temperature for 30 min and the crystal violet was then
solubilized in 10% acetic acid solution. The absorbance was
determined at 570 nm using a microplate reader (Bio-Rad).

Statistical analysis. Statistical analysis was performed using
SPSS 19.0 (IBM Corp.). The data were presented as the
means * standard deviation and analyzed by Student's t-test
or ANOVA followed by Bonferroni's post hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-20a-5p is downregulated in EC tissues and associated
with the clinicopathological characteristics of patients with
EC. Expression of miR-20a-5p in EC and paracancerous
tissues was examined by RT-qPCR. As presented in Fig. 1,
miR-20a-5p was significantly downregulated in EC tissues
compared with paracancerous tissues (P<0.01). Furthermore,
miR-20a-5p expression was found to be significantly associated
with the depth of myometrial invasion, FIGO stage, histologic
grade and lymph node metastasis in patients with EC (Table I).

miR-20a-5p inhibits cell viability and invasive ability, and stim-
ulates cell adhesion. Expression of miR-20a-5p in endometrial
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Figure 1. miR-20a-5p was downregulated in human EC tissues. “P<0.01 vs.
paracancerous tissue. miR, microRNA; EC, endometrial cancer.

stromal cell line hESC and EC derived cell lines Ishikawa, KLE,
RL95-2 and HHUA was examined by RT-qPCR. As presented
in Fig. 2A, miR-20a-5p expression was significantly decreased in
EC derived cells compared with hESC cells (P<0.01). To investi-
gate the effect of miR-20a-5p on cell proliferation, invasive ability
and adhesion, Ishikawa cell line, which exhibited the lowest
miR-20a-5p level, was chosen for subsequent gain-of-function
and loss-of-function experiments. miR NC, miR-20a-5p mimic
and miR-20a-5p inhibitor were transfected into Ishikawa cells.
As demonstrated in Fig. 2B, miR-20a-5p expression was signifi-
cantly increased in mimic group and decreased in inhibitor group
compared with NC group (P<0.01). Furthermore, Ishikawa cells
transfected with miR-20a-5p-mimic showed decreased prolif-
eration (P<0.05) and invasion ability (P<0.05), and increased
adhesion ability compared with NC group (P<0.05). Ishikawa
cells transfected with miR-20a-5p-inhibitor showed the opposite
results (Fig. 2C-E).

Jakl is upregulated and associated with miR-20a-5p expression
in EC tissues. Jakl mRNA and protein expression in EC and
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Figure 2. miR-20a-5p inhibited cell proliferation and invasive ability, and stimulated cell adhesion. (A) miR-20a-5p was significantly downregulated in the
EC derived cell lines Ishikawa, KLE, RL95-2 and HHUA compared with endometrial stromal cell line hESC. (B) Expression of miR-20a-5p in Ishikawa cells
following transfection with miR-20a-5p-mimic or inhibitor. Effects of miR-20a-5p on (C) cell proliferation, (D) cell invasive ability (magnification, x400) and
(E) cell adhesion. “P<0.05 and “P<0.01. miR, microRNA; EC, endometrial cancer; NC, negative control.
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Figure 3. Expression of Jakl in human EC tissues. (A) Jak1 was upregulated in human EC tissues. (B) Jakl mRNA expression was negatively correlated with
miR-20a-5p expression in human EC tissues. ‘P<0.05. miR, microRNA; EC, endometrial cancer; Jak, janus kinase 1.

paracancerous tissues was examined by RT-qPCR and western
blotting, respectively. As presented in Fig. 3A, the mRNA
and protein expression of Jakl was significantly increased in
EC tissues compared with paracancerous tissues (P<0.05).
Furthermore, Jakl mRNA expression was negatively correlated
with miR-20a-5p expression in EC tissues (P<0.01; Fig. 3B).

miR-20a-5p directly targets Jakl. To verify whether
miR-20a-5p could directly target Jakl, Jakl 3'UTR reporter

assay was performed in HEK293 cells. As seen in Fig. 4A,
the luciferase activity of wild type Jakl 3'UTR was signifi-
cantly decreased in cells transfected with miR-20a-5p-mimic
compared with cells transfected with miR-NC (P<0.01);
however, no change was observed in the mutant Jakl 3'UTR.
Furthermore, results from RT-qPCR and western blotting
demonstrated that the mRNA and protein expression of Jakl
was significantly decreased in Ishikawa cells transfected with
miR-20a-5p-mimic but increased in cells transfected with
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Figure 4. miR-20a-5p directly targeted Jak1. (A) Luciferase activity of wt-Jak1 3'UTR was significantly decreased in cells transfected with miR-20a-5p-mimic.
(B) Effect of miR-20a-5p on Jakl mRNA and protein expression. "P<0.05 and “P<0.01. miR, microRNA; EC, endometrial cancer; Jak, janus kinase 1;

wt, wild-type; mut, mutant; NC, negative control.
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Figure 5. Jakl reversed the effects of miR-20a-5p on cell viability, cell invasion and adhesion. Expression of (A) Jakl protein and (B) miR-20a-5p in Ishikawa
cells following transfection with miR-20a-5p-mimic and Jak1-pcDNA3.1. Jakl overexpression abolished the effects of miR-20a-5p-mimic on (C) cell prolif-
eration, (D) cell invasive ability (magnification, x400) and (E) cell adhesion. "P<0.05 and “P<0.01 vs. NC + pc DNA3.1 group; P<0.05 and “P<0.01 vs.
miR-20a-5p + pc DNA3.1 group. miR, microRNA; EC, endometrial cancer; Jak, janus kinase 1; wt, wild-type; mut, mutant; NC, negative control.

miR-20a-5p-inhibitor (P<0.01 for mRNA expression; P<0.05
for protein expression; Fig. 4B).

Jakl overexpression reverses the effects of miR-20a-5p on cell
proliferation, invasive ability and adhesion. Jakl-pcDNA3.1
and the empty vector pcDNA3.1 were transfected into
Ishikawa cells. The results demonstrated that Jakl mRNA
and protein expression was significantly increased in the
Jak1l-pcDNA3.1 group compared with pcDNA3.1 group
(P<0.01 for mRNA, P<0.05 for protein; Fig. S2). To further

investigate whether Jak1 was involved in mediating the effects
of miR-20a-5p on cell proliferation, invasive ability and adhe-
sion, Jak1-pcDNA3.1 was transfected into Ishikawa cells in the
presence of miR-20a-5p mimic. The results demonstrated that
Jakl protein expression was significantly increased in cells
transfected with the miR-20a-5p mimic and Jakl-pcDNA3.1
compared with cells transfected with miR-20a-5p-mimic only
(P<0.01); however, the increased expression of miR-20a-5p
in miR-20a-5p-mimic-transfected cells was not affected by
Jakl-pcDNA3.1 transfection (Fig. SA and B). Furthermore,
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the inhibitory effect of miR-20a-5p-mimic on cell prolif-
eration and invasive ability, and the promotive effect of
miR-20a-5p-mimic on cell adhesion were reversed by trans-
fection with Jak1-pcDNA3.1 (P<0.05; Fig. 5C-E).

Discussion

Alteration in miR-20a-5p expression patterns is associated
with endometrial growth, differentiation and carcinogenesis
of the endometrium (22-24). Previous studies reported that
miR-20a-5p is significantly decreased in the plasma and
serum of patients with endometriosis, and that it serves
important roles in the pathogenesis of endometriosis (22,23).
Conversely, miR-20a-5p expression was found to be
upregulated in endometriotic stromal cells (24). In addition,
in vitro application of hypoxia results in downregulation
of miR-20a-5p in Ishikawa cells (25). In the present study,
downregulation of miR-20a-5p was observed in EC tissues
and cell lines compared with paracancerous tissues and
endometrial stromal cells, respectively. Furthermore,
miR-20a-5p expression was significantly associated with the
depth of myometrial invasion, FIGO stage, histologic grade
and lymph node metastasis in patients with EC. Patients with
lower miR-20a-5p expression exhibited lower FIGO stage
and histologic grade, as well as less myometrial invasion and
lymph node metastasis.

miR-20a-5p serves various roles according to the type of
cancer. Previous studies have demonstrated that miR-20a-5p
can induce radioresistance in hepatocellular carcinoma and
nasopharyngeal cancer cells (26,27). Zhao et al (28) reported
that miR-20a-5p can inhibit cell proliferation, mobility and
invasiveness, and facilitate apoptosis in breast cancer. However,
contrasting report indicated that miR-20a-5p promotes inva-
sion and metastasis, and induces epithelial-mesenchymal
transition of colorectal cancer cells (29). In the present study,
miR-20a-5p was demonstrated to inhibit cell proliferation
and cell invasive ability, as well as to induce cell adhesion
ability. These findings were in agreement with a previous
study reporting the suppressor role of miR-20a-5p in EC cell
lines (30).

Numerous target genes of miR-20a-5p have been
identified in previous studies, including cyclin D1, E2F
transcription factor 3, interleukin-8 and dual specificity phos-
phatase 2 (16,31). In the present study, miR-20a-5p expression
and Jakl expression levels were negatively correlated in
EC tissues. Furthermore, Jakl was demonstrated to be a
direct target of miR-20a-5p following dual luciferase reporter
assay. A previous study has reported that activated Jak1 might
contribute to carcinogenesis in leukemias, lymphomas and
myeloproliferative neoplasms (32). Sexl et al (33) reported
that Jak1-deficient cells are more tumorigenic than wild-type
cells. Jakl can also act as either an oncogene or a tumor
suppressor under certain conditions (34). The present study
demonstrated that miR-20a-5p could decrease Jakl expres-
sion in EC cells, and that Jakl overexpression could reverse
the effects of miR-20a-5p-mimic on EC cell proliferation,
invasive ability and adhesion. These results supported the
notion that Jakl could contribute to EC progression (35,36)
and suggested that miR-20a-5p may play a tumor suppressive
role in EC partly by decreasing Jakl expression.

In the present study, miR-20a-5p expression was detected
in four EC derived cell lines, and the results demonstrated that
all these EC cell lines had significantly decreased miR-20a-5p
expression compared with normal human endometrial stromal
cells. Since Ishikawa cell line showed the lowest miR-20a-5p
expression, it was selected for subsequent experiments. The
present study was however limited because the gain- and
loss-of-function experiments were only performed in the
Ishikawa cell line. Functional experiments performed in
additional cell lines is therefore required.

In conclusion, to the best of our knowledge, the present
study was the first to demonstrate that miR-20a-5p expression
was significantly correlated with the depth of myometrial
invasion, FIGO stage, histologic grade and lymph node metas-
tasis in patients with EC. In addition, miR-20a-5p expression
and Jakl mRNA expression were negatively correlated in EC
tissues. Jakl was confirmed as a novel target of miR-20a-5p,
and miR-20a-5p acted as a tumor suppressor in EC at least
partly through decreasing Jakl expression. This study
provided new insights into the underlying mechanisms of EC
progression, and the findings suggested that miR-20a-5p and
Jakl may serve as potential therapeutic targets in EC. Further
investigation is required to confirm the effect of miR-20a-5p in
animal models of EC and to determine additional target genes
of miR-20a-5p.
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