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miR-27a acts as an oncogene to regulate endometrial
cancer progression by targeting USP46
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Abstract: Endometrial cancer (EC) ranks as the fourth most common diagnosed cancer type in females worldwide.
MicroRNAs (miRNAs) are important regulators with crucial roles in regulating diverse biologic processes, includ-
ing tumor initiation and progression. Previous studies have demonstrated that miR-27a was correlated with the
tumorigenesis of various cancers. However, its expression and biologic role in EC remain to be determined. This
study aimed to clarify whether miR-27a acts as an oncogene in endometrial cancer (EC) by downregulating ubiquitin
specific peptidase 46 (USP46). Expression of miR-27a was measured by gRT-PCR, and the results demonstrated
that miR-27a was upregulated in EC cell lines compared to normal cell lines. Cell counting kit-8 (CCK-8) and wound-
healing assays demonstrated that overexpression of miR-27a significantly promoted cell proliferation and migration.
Online prediction algorithm and dual luciferase activity reporter assay revealed that USP46 acts as a direct target
of miR-27a. USP46 expression was downregulated in EC cell lines during miR-27a overexpression. Collectively, our
results indicated that miR-27a targets USP46 to promote EC cell proliferation and migration, suggesting an onco-

gene role of miR-27a in EC.
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Introduction

Endometrial cancer (EC) is the most common
type of gynecologic cancer [1]. Most EC pati-
ents can be diagnosed at early stages; howev-
er, about 30% will experience metastasis [2].
The treatment for EC has improved greatly in
recent years but some have poor prognosis [3].
Hence, identifying the molecules that contrib-
ute to the progression of EC is essential.

microRNAs (miRNAs) are non-coding RNAs that
regulate gene expression via promoting mes-
sage RNA degrading or repressing translation
[4]. Numerous miRNAs have been identified
to be correlated with the progression of EC [5].
For instance, miR-215 was found upregulated
in EC and its overexpression was able to pro-
mote epithelial to mesenchymal transition
and colony formation by targeting the expres-
sion of left-right determination factor 2, indicat-
ing an oncogenic role of miR-215 in EC [6].
Many studies illustrate the tumor suppressive
role of miRNAs in EC. miR-139-5p was found
downregulated in EC tissues and its overex-

pression inhibits cancer growth and migration
through regulating the expression of HOXA10
[7]. miR-148b was also found downregulated
in EC to repress cell growth by regulating hypox-
ia-inducible factor 1 and nuclear factor ery-
throid 2-related factor 2 by downregulating
endoplasmic reticulum metalloprotease 1 [8].
miR-27a was previously reported to function as
an oncogene in human cancers including ovari-
an cancer and lung cancer [9, 10]. However, its
expression and biologic role in EC remains
unclear.

Ubiquitin specific peptidase 46 (USP46) is a
deubiquitinating enzyme that controls andro-
gen receptor and P53 pathways in prostate
cancer, indicating targeting this deubiquitinat-
ing enzyme is a potential treatment strategy for
prostate cancer [11]. In colon cancer, USP46
shown to stabilize the expression of PH domain
leucine-rich-repeats protein phosphatase to
inhibit cancer cell proliferation and tumorigen-
esis, indicating the tumor suppressive role of
USP46 [12]. It was not determined whether
USP46 has a role in EC progression.
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In this study, we found miR-27a expression was
upregulated in EC cell lines, and its knockdown
inhibits EC cell proliferation and migration. Bio-
informatic analysis, luciferase activity reporter
assay, and western blot validated USP46 as a
direct target of miR-27a. USP46 knockdown
promoted EC cell proliferation, migration, and
partially reversed the effects of miR-27a knock-
down on EC cell behavior.

Materials and methods
Cell lines and cell transfection

EC cell lines (HEC-1A and HEC-1B) and normal
endometrial cell line (EMC) were purchased at
Cell Bank of Chinese Academy of Sciences
(Shanghai, China). These cells were cultured in
DMEM (Invitrogen, Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS, Invitrogen) at
37°C humidified incubator containing 5% of
CO,,.
miR-27a inhibitor and the negative control (NC-
miR) were synthesized by RiboBio (Guangzhou,
China). Small interfering RNA targeting USP46
(si-USP46) and the negative control (NC-siR)
were also purchased from RiboBio. Cell trans-
fection was conducted using Lipofectamine
2000 (Invitrogen) according to the manufactur-
er's instructions. After 48 h of transfection,
cells were collected for following analyses.

Quantitative real-time RT-PCR (qRT-PCR)
analysis

Total RNA was extracted from EC cells using
TRizol reagent (Invitrogen) according to the
manufacturer’'s protocol. Complementary DNA
was reverse transcribed from RNA using
PrimeScript RT Reagent kit (Takara, Dalian,
Liaoning, China). gRT-PCR was conducted us-
ing SYBR Green PCR kit (Takara) at an Applied
Biosystems 7300 System (Applied Biosystems,
Foster City, CA, USA). Relative expression of
miR-27a was normalized to U6 snRNA using
the 222¢t method. The detailed procedures
were as follows: 1 cycle of 95°C 10 min; 40
cycles of 95°C 15 s, 67°C 30 s, 72°C 30 s.
The primers used are: miR-27a: F: 5-TGCGGT-
TCACAGTGGCTAAG-3, R: 5-CTCAACTGGTGTC-
GTGGA-3’; U6 snRNA: F: 5-CTCGCTTCGGCAG-
CACA-3’, R: 5-AACGCTTCACGAATTTGCGT-3".
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Western blot analysis

EC cells were lysed in radioimmunoprecipita-
tion assay lysis buffer supplemented with pro-
tease and phosphatase inhibitor (Beyotime,
Haimen, Jiangsu, China). Total protein was
isolated at 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and then trans-
ferred to polyvinylidene fluoride membrane
(Invitrogen). After blocking with fat-free milk,
membranes were incubated overnight at 4°C
with goat anti-rabbit primary antibodies (anti-
USP46: ab88795; anti-GAPDH: ab8245; Ab-
cam, Cambridge, MA, USA). Then, blot was in-
cubated with HRP conjugated goat anti-mouse
secondary antibody (ab6789, Abcam) at room
temperature for 1 h, and visualized using
BeyoECL kit (Beyotime).

Cell counting kit-8 (CCK-8) assay

Cell proliferation rate was measured using
CCK-8 kit (Beyotime). After seeding the cells
in 96-well plates at the density of 1.0 x 10°
cells/well and incubated for indicated time
points, 10 ul of CCK-8 reagent was added and
incubated for additional 4 h. Optical density
was measured at 450 nm using a microplate
reader (Thermo Fisher Scientific, Inc.).

Transwell migration assay

Migration assays of EC cells were conducted
using Transwell chambers. 1 x 10°% cells in
serum-free DMEM were placed into the top
chamber. DMEM contains FBS was filled into
the bottom chamber. After the incubation for
24 h, cells were fixed with polyoxymethylene,
stained with crystal violet, and we counted five
random fields under a microscope.

Dual-luciferase reporter assay

TargetScan was employed to analyze the puta-
tive target of miR-27a. The 3-UTR of USP46
with the putative target sequence for miR-27a
was cloned and inserted at pGL3-control
(Promega, Madison, WI, USA) and named as
USP46-wt. The mutant luciferase vector was
built from USP46-wt using Site-direct muta-
genesis kit (Takara) and then designated at
USP46-mt. Cells were co-transfected with miR-
NAs and luciferase vectors using Lipofect-
amine 2000 (Invitrogen). Luciferase activity
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Figure 1. miR-27a was upregulated in EC cell lines
(HEC-1A and HEC-1B) compared with normal endo-
metrial cell line (EMC). miR-27a: microRNA-27a; EC:
endometrial cancer.

was measured 48 h after transfection using
Dual luciferase assay system (Promega).

Statistical analysis

Results were presented as the mean * stan-
dard deviation after analyzed at SPSS 19.0
software (Chicago, IL, USA). Differences in
groups were analyzed with paired Student’s
t-test or one-way analysis of variance (ANOVA)
and Tukey post-hoc test. P value less than 0.05
was considered a significant difference.

Results
Upregulation of miR-27a in EC cell lines

To determine the role of miR-27a in EC progres-
sion, we examined its expression in EC cell
lines (HEC-1A and HEC-1B) and a normal en-
dometrial cell line (EMC). miR-27a expression
was significantly upregulated in EC cell lines
investigated compared to that in EMC cell line
(Figure 1).

Knockdown of miR-27a inhibits EC cell prolif-
eration and migration

To assess the effect of miR-27a in EC, the EC
cell lines were transfected with synthetic miR-
NAs. Compared with the NC-miR group, miR-
27a expression was significantly reduced by
miR-27a inhibitor (Figure 2A). CCK-8 assay
showed that downregulation of miR-27a sig-
nificantly inhibited proliferation of EC cells
(Figure 2B). Moreover, the migration assay
showed that cell migration ability was signifi-
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cantly suppressed by miR-27a inhibitor (Figure
2C).

USP46 was a direct target of miR-27a

Binding site of miR-27a and the 3-UTR of
USP46 was displayed in Figure 3A. Figure 3B
demonstrated that luciferase activity was very
increased in cells co-transfected with miR-27a
inhibitor and USP46-wt compared to those co-
transfected with miR-27a inhibitor and USP46-
mt. Western blot revealed that USP46 expres-
sion was significantly increased by miR-27a
inhibitor (Figure 3C).

Knockdown of USP46 promotes EC cell prolif-
eration and migration

Expression of USP46 was significantly decre-
ased by si-USP46 as compared with NC-siR
(Figure 4A). We also found the cell prolifer-
ation and migration of EC cells was significant-
ly elevated after miR-27a knockdown (Figure
4B and 4C). In addition, we found the effects
of miR-27a on EC cell proliferation and migra-
tion were partially reversed by USP46 (Figure
4B and 4C).

Discussions

In the present study, we showed that miR-27a
expression was upregulated in EC cell lines
investigated compared to the normal cell line.
We showed that knockdown of the expression
of miR-27a was able to inhibit EC cell prolifera-
tion and migration. Mechanically, we screened
USP46 as a potential target for miR-27a using
TargetScan. The knockdown of USP46 dramati-
cally increased EC cell proliferation and migra-
tion. The luciferase activity reporter assay and
western blot revealed that USP46 was a direct
target of miR-27a. Functional assays revealed
that knockdown of expression of USP46 par-
tially reversed the effects of miR-27a on EC cell
behaviors in vitro, indicating USP46 was a func-
tional target of miR-27a.

miR-27a has been reported to be upregulated
in multiple human cancers including ovarian
cancer, lung cancer, and colorectal cancer,
functioning as a tumor promoter [9, 10, 13, 14].
Although our results also showed that miR-27a
functions as oncogenic miRNA in EC as report-
ed previously, the molecular mechanisms are
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Figure 3. USP46 was a candidate gene of miR-27a. A. Computational anal-
ysis identified that USP46 may be a target of miR-27a. B. Dual luciferase
assay performed in EC cells confirmed USP46 was a target of miR-27a. C.
USP46 expression in EC cells transfected with miR-27a inhibitor or NC-miR.
miR-27a: microRNA-27a; EC: endometrial cancer; NC-miR: negative control
miRNA; USP46: ubiquitin specific peptidase 46; wt: wild-type; mt: mutant;
UTR: untranslated region.

Although non-coding RNAs
have shown to be crucial
regulators in cancers [15-17].
However, the fact at present
is that no non-coding RNAs
based therapeutic measures
are put into clinical use. In
addition, although our study
has achieved progress in
understanding the axis of
miR-27a/USP46 in EC, the

different. In ovarian cancer, Zhang et al. show-
ed that miR-27b could promote migration, inva-
sion, and EMT of cancer cell by the Wnt/B-
catenin signaling pathway and resulted in
FOXO1 expression inhibition [9]. In lung cancer,
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limitation here is we did not verify the expres-
sion of miR-27a and USP46 in EC tissues.
Besides that, the role of miR-27a/USP46 axis
on tumor progression was not investigated in
vivo.
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Figure 4. USP46 knockdown promotes EC cell proliferation and migration. (A) USP46 expression, (B) Cell prolifera-
tion, and (C) Cell migration in EC cells transfected with si-USP46, NC-siR, or si-USP46 and miR-27a inhibitor. miR-
27a: microRNA-27a; EC: endometrial cancer; USP46: ubiquitin specific peptidase 46; NC-siR: negative control small
interfering RNA,; si-USP46: small interfering RNA targeting USP46.

In summary, we confirmed that miR-27a pro-
motes EC cell growth and migration through
targeting the expression of USP46. The re-
ports concluded that miR-27a/USP46 axis is
the mechanism responsible for the malignan-
cy progression of EC cells. Therefore, targeting
miR-27a/USP46 axis could be a therapeutic
approach for EC.
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