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MicroRNA-320a acts as a tumor suppressor
in endometrial carcinoma by targeting IGF-1R
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Abstract. Dysregulation of microRNAs (miRs) is implicated
in the carcinogenesis of various types of malignant tumor by
manipulating cell growth and apoptosis. Abnormal expression
of miR-320a is involved in tumorigenesis of many types of
cancer. The potential association of miR-320a and the possible
regulatory mechanisms in endometrial carcinoma is rarely
elucidated. In the present study, it was demonstrated that
miR-320a expression was decreased in endometrial carci-
noma tissues and cell lines. The present results also indicated
that overexpression of miR-320a suppressed cell prolif-
eration through inducing G,/M phrase arrest and apoptosis.
Insulin-like growth factor receptror-1 (IGF-1R) was verified to
be the potential target of miR-320a by computational analysis
and luciferase reporter assays. In addition, overexpression
of miR-320a reduced endogenous IGF-1R expression in
cells. Furthermore, it was demonstrated that upregulation of
miR-320a inhibited phosphorylated (p)-protein kinase B and
p-mechanistic target of rapamycin activation and promoted
B cell lymphoma-2-associated death promoter expression.
Reintroduction of IGF-1R into miR-320a-overexpressed
cells antagonized the impact of miR-320a on its downstream
protein, which demonstrated that the tumor suppressive role of
miR-320a in endometrial carcinoma is exerted by the signal
pathway mediated by IGF-1R. It was therefore concluded that
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miR-320a served an anti-tumor role on endometrial carcinoma
through the regulation of IGF-1R, and miR-320a may be used
as the target for the gene therapy of endometrial carcinoma.

Introduction

Endometrial carcinoma is one of the most common malignant
tumors in women, having the fourth highest prevalence and
the eighth highest mortality rate worldwide (1). The treatment
for this tumor includes surgery/chemotherapy/radiotherapy
and high-dose progestational hormone (2). However, local
or distant recurrences, which result from treatment-resistant
cancer cells present an issue for gynecological oncologists (3).
To investigate the underlying mechanisms of its carcinogen-
esis or progression, and to explore the potential target for an
effective therapy stimulates the interests of many researchers.

MicroRNAs (miRNAs or miRs) are a group of evolution-
arily conserved regulatory RNAs, which have been suggested
to exert regulatory functions in carcinogenesis and used
as therapeutic targets for cancer treatment (4). It has previ-
ously been reported that miRNAs exert a pivotal role in cell
proliferation and metastasis in endometrial carcinoma (5).
Ramoén ef al (6) have reported that specific miRNAs were
overexpressed in endometrial carcinoma, which was positively
correlated with VEGF expression. miR-200c was reported to
be associated with the occurrence of endometrial carcinoma by
regulating BRD7 expression (7). miR-205 was overexpressed
in endometrial cancer cells and promoted tumor metastasis
by downregulation of JPH4 expression (8). miR-130b (9),
miR-200b (10) and miR-200 family (11) all contributed to the
development of endometrial carcinoma through mediating
epithelial-mesenchymal transition related protein activation.
Although miRNAs act as oncogenes or anti-oncogenes in
carcinogenesis and progression of endometrial carcinoma,
the specific role and mechanism of miR-320a in endometrial
carcinoma still remains to be elucidated.

Obesity is a high risk for endometrial carcinoma (12).
Insulin is involved in the formation of obesity, and its func-
tion is exerted partly by a signal pathway mediated by insulin
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like growth factor receptor-1 (IGF-1R), as there is a cross
link between insulin receptor and IGF-1R (13). To explore
the potential role of miR-320a on endometrial carcinoma and
clarify its underlying correlation with IGF-1R, the miR-320a
expression level in human endometrial carcinoma tissues and
cells was investigated, then functional analysis to detect the role
of miR-320a in HEC-1A and Ishikawa cells was performed.
The present results demonstrated that miR-320a was a tumor
suppressor gene, which exerted anti-tumor effects through
several aspects, predominantly by regulating IGF-1R expres-
sion and disturbing the phosphorylated (p)-protein kinase B
(Akt)/p-mechanistic target of rapamycin (mTOR) signaling
pathway. These results verified the impact of miR-320a on
the occurrence of endometrial carcinoma, which may provide
theoretical evidence for the application of target therapy.

Materials and methods

Clinical specimens and cell culture. A total of 50 endometrial
carcinoma samples and 10 normal endometrium tissues were
obtained from patients at the Department of Gynecology and
Obstetrics of the First Affiliated Hospital of Jinan University
(Guangzhou, China) from April 2015 to March 2017. Normal
endometrium tissue samples were harvested from patients
who experienced hysterectomy for benign uterine disease.
The age of patients ranged from 42-65 years old. None of the
patients had experienced chemotherapy or radiotherapy prior
to surgery. All the surgically excised tissues were pathologi-
cally confirmed and stored at -80°C until analysis. Ishikawa,
HEC-1A, HEC-1B, HEC-251, AN3CA and RL95-2 were
bought from American Type Culture Collection (ATCC,
Manassas, VA, USA). Normal endometrial cells were also
used. To isolate normal cells from endometrial tissues, the
endometrium was rinsed 2-3 times with D-Hank's solu-
tion containing penicillin and streptomycin. Tissue samples
(~1 cm?) were administered with 2 ml 0.125% trypsin. The
mixture was digested in a 37°C incubator for 1.5 h. The left
tissue was allowed to pass through a stainless steel sieve for
the second digestion. The digested cells were centrifuged at
72 x g for 10 min at room temperature, and the supernatant
was discarded. The cells were centrifuged twice and cultured
in serum-containing medium.

All cells were cultured at 37°C and 5% CO, with Dulbecco's
modified Eagle's medium (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), which was supplied with 10% fetal
calf serum (Hyclone; GE Healthcare Life Sciences, Logan,
UT, USA) and 1% penicillin-streptomycin (Hyclone; GE
Healthcare Life Sciences). The present study was performed
with the approval of the Human Ethics Committee of Jinan
University in accordance with the Declaration of Helsinki. All
of the enrolled patients provided written informed consent.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) was used to extract RNA from
tissues and cells, then Bulge-Loop™ miRNA qRT-PCR primer
kits (Guangzhou RiboBio Co., Ltd., Guangzhou, China) and
All-in-One™ gPCR mix (GeneCopoeia, Inc., Rockville, MD,
USA) were used to detect the expression level of miR-320a
with U6 snRNA as the internal control. The primers used were

SHU et al: THE ROLE OF miR-320A ON ENDOMETRIAL CARCINOMA

as follows: miR-320a forward, 5'-ATCCAGTGCAGGGTC
CGAGG-3' and reverse, 5-CGCGGTTAAAAGCTGGGT
TGAGA-3'"; U6 forward, 5'-CTCGCTTCGGCAGCACA-3'
and reverse, 5-AACGCTTCACGAATTTGCGT-3". The 2-44¢4
method (14) was used to determine the relative expression of
miR-320a in tissues and cells.

Oligonucleotide transfection and generation of stably
transfected cell lines. Cells were seeded into 6-well plates
at the density of 2x10° cells/well. Lipofactamine™ RNAi
MAX (Invitrogen; Thermo Fisher Scientific, Inc.) was used
to transfect the cells with miR-320a mimics or controls
(50 nM; Shanghai GenePharma Co., Ltd., Shanghai, China).
The miR-320a mimics sequence was 5'-AAAAGCUGG
GUUGAGAGGGCGA-3". The sequence for the control
was 5'-CAGUACUUUUGUGUAGUACAA-3'. Meanwhile,
pcDNA-IGF-1R (100 nM; Invitrogen; Thermo Fisher
Scientific, Inc.) and pcDNA-control were co-transfected
using Lipofactamine 2000 reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). At 48 h following transfection,
pGCSIL-GFP vector with the A-gel and EcoR I enzyme sites
was inserted via the target sequences. Following recombina-
tion using pCMV and pBR322 vectors (Shanghai GeneChem
Co., Ltd., Shanghai, China), lentiviral vectors (Lv) expressing
targeting gene were constructed, which was simultaneously
transfected into 293T cells (ATCC) coupled with pack-
aging vectors. At 48 h following transfection, supernatants
containing lentivirus were harvested. Ultracentrifugation
(4°C for 2 h; 210,000 x g) was used to determine the titer of
lentivirus.

MTT and colony formation analysis. Endometrial carcinoma
cells were seeded in 96-well plates at 5,000 cells per well.
MTT assay was used to determine the viability of cells at
24,48 and 72 h. Absorbance at 490 nm was determined by
spectrophotometer. For colony formation assay, transfected
cells were plated in culture plates and cultured for 14 days at
500 cells per plate. Colonies were fixed with methanol at room
temperature for 15 min and stained with crystal violet at room
temperature for 5 min. The numbers of colonies were counted
manually.

Western blot analysis. The total cell protein was obtained
using radioimmunoprecipitation assay lysis and extraction
buffer (Pierce; Thermo Fisher Scientific, Inc.) and the concen-
tration was determined by BCA protein assay kit (Pierce;
Thermo Fisher Scientific, Inc.). A total of 25 pg protein
was applied per lane and separated by 10-12% SDS-PAGE,
then transferred to polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, USA). Membranes were
incubated overnight at 4°C with antibodies against IGF-1R
(sc-81167; 1:1,500; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA), p-Akt (cat. no. 4060; 1:1,000), total (t)-Akt (cat.
no. 9272; 1:1,000; Cell Signaling Technology, Inc., Danvers,
MA, USA), p-mTOR (sc-101738; 1:2,000; Santa Cruz
Biotechnology, Inc.), t-mTOR (sc-8319; 1:2,000; Santa Cruz
Biotechnology, Inc.) and B cell lymphoma-2-associated death
promoter (Bad; ab32245; 1:1,200; Abcam, Cambridge, UK).
The membrane was washed and incubated with horseradish
peroxidase-conjugated secondary antibody (ab205718;
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Figure 1. The expression of miR-320a was reduced in endometrial carcinoma tissue and cells. Reverse transcription-quantitative polymerase chain reaction
was used to analyze miR-320a expression in (A) cell lines and (B) tissue. RNA expression was normalized with U6 snRNA. The 2-22% method was adopted to
determine the expression of miR-320a. "P<0.05, “P<0.01 vs. endometrial cell; “P<0.05. miR, microRNA.

1:3,000) for 1 h at room temperature. The protein-antibody
complex was determined by an enhanced chemiluminescence
system, CL-XPosure Film (Pierce; Thermo Fisher Scientific,
Inc.). The relative expression of protein was quantified by
Quantity One software (version 4.6.6, Bio-Rad Laboratories,
Inc., Hercules, CA, USA) with GAPDH (sc-47724; 1:2,000;
Santa Cruz Biotechnology, Inc.) used as the internal control.
Each experiment was repeated three times to assess the
consistency of the results.

Luciferase reporter assay. TargetScan database (http:/www.
targetscan.org/) was used to predict the possible target of
miR-320a. It was demonstrated that IGF-1R may be the poten-
tial target, then the IGF-1R-untranslated region (UTR) was
ligated into the pMIR-GLO luciferase vector (Promega
Corporation, Madison, WI, USA) to produce recom-
binant pMIR-IGF-1R-UTR-Wt. Another pMIR-GLO
luciferase construct containing the miR-320a mutation
site in IGF-1R-UTR (CAGCUUUU to CAGCUUGU)
was named IGF-1R-UTR-Mut and used as the control.
Subsequently, 293T cells were simultaneously transfected
with pMIR-IGFIR-UTR-Wt or pMIR-IGF1R-UTR-Mut
using Lipofectamine 2000 (Thermo Fisher Scientific, Inc.).
Cells were harvested following incubation at 37°C for 48 h.
Luciferase activity was determined and normalized with
Renilla luciferase assay system (Promega Corporation).

Cell cycle distribution analysis. HEC-1A and Ishikawa cells
transfected with Lv-miR-320a or Lv-control Cells were tryp-
sinized and then the distribution of cell cycle was determined
by DNA Reagent kit (Becton, Dickinson and Company,
Franklin, Lakes, NJ, USA). According to the manufacturer's
recommendation, the collected cells were washed and incu-
bated with different solutions on ice in the dark for 10 min,
then flow cytometry was used to measure the relative propor-
tions of transfected cells in different phases by FACSCalibur™
Flow Cytometry (BD Accuri™ C6; Becton, Dickinson and
Company).

Detection of apoptosis by flow cytometry. Apoptosis analysis
was performed according to the manufacturer's protocol
(Becton, Dickinson and Company). The HEC-1A and
Ishikawa cells transfected with Lv-miR-320a or Lv-control
were washed and incubated at room temperature for 15 min
with Annexin V-PE and 7-AAD in the dark. Flow cytometry
was then performed to detect the apoptotic rate in the trans-
fected cells.

Statistics analysis. SPSS 13.0 (SPSS, Inc., Chicago, IL, USA)
was adopted to perform the statistical analyses. Data were
expressed as the mean + standard deviation. Comparison
between two groups was analyzed with Student's t-test, and the
association between more than two groups were determined
with one-way analysis of variance with Tukey's post hoc test.
P<0.05 was considered to indicate a statistically different
difference.

Results

miR-320a expression is decreased in endometrial carcinoma
tissues and cells. The relative expression of miR-320a among
endometrial carcinoma cell lines and normal endometrial
cells was quantitatively analyzed. The results demonstrated
that miR-320a expression was significantly reduced in endo-
metrial carcinoma cells compared with normal endometrial
cells (Fig. 1A), which was more marked in HEC-1A and
Ishikawa cell lines. miR-320a expression was then explored
in 50 endometrial carcinoma and 10 normal endometrial
tissues. In accordance with the results obtained from cell lines,
miR-320a expression was significantly lower in endometrial
carcinoma than normal endometrium (Fig. 1B). These results
demonstrated that the expression of miR-320a was dramati-
cally decreased in endometrial carcinoma.

miR-320a induces proliferation inhibition in endometrial
carcinoma cells. In order to explore the role of miR-320a on
cell growth, HEC-1A and Ishikawa cells were stably trans-
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Figure 2. Upregulation of miR-320a inhibited cell growth and colony formation in HEC-1A and Ishikawa cells. (A) miR-320a expression was examined in
HEC-1A and Ishikawa cells following transfection with Lv-miR-320a or Lv-control for 48 h. Overexpression of miR-320a decreased the proliferation of
HEC-1A and Ishikawa cells, as demonstrated by (B) MTT analysis and (C) colony formation assay. "P<0.05 vs. Lv-control. miR, microRNA; Ly, lentivirus.

fected with Lv-miR-320a or Lv-control, then cell proliferation
and colony formation ability were examined. RT-qPCR results
demonstrated that miR-320a expression was significantly
increased in Lv-miR-320a transfected cells, which confirmed
that miR-320 was successfully transfected (Fig. 2A). As
presented in Fig. 2B, MTT results demonstrated that upregu-
lation of miR-320a significantly inhibited cell proliferation.
Meanwhile, the analysis of colony formation suggested
that the number of colonies was significantly decreased in
Lv-miR-320a transfected cells (Fig. 2C), which verified the
far-reaching role of miR-320a on cell growth.

miR-320a induces G,/M phase arrest and promoted cell
apoptosis. It was speculated that the decreased growth in
miR-320a-overexpressed endometrial carcinoma cells may
result from altered cell cycle and increased cell apoptosis.
To explore the present hypothesis, flow cytometry was used
to detect cell cycle and apoptosis. The results demonstrated
that the G,/M phases were blocked in Lv-miR-320a trans-
fected cells, accompanied with reduction in G,/G, phases
(Fig. 3A). Meanwhile, compared with the control, it was
demonstrated that miR-320a-overexpressed cells exhibited
an increased apoptosis rate (Fig. 3B), which suggested that
miR-320a exerts a negative mediator in endometrial carci-
noma by arresting cell cycle progression and promoting cell
apoptosis.

IGF-IR gene is a possible target of miR-320a in endometrial
carcinoma. As miR-320a exerted an important role on endo-
metrial carcinoma cell growth, it was inferred that the genes
regulated by miR-320a may mainly function in this course.

By using the TargetScan database, it was demonstrated that
the 3'-UTR of IGF-1R contains the binding site of miR-320a
(Fig. 4A). Luciferase reporters were constructed to detect
whether miR-320a can bind to the 3'-UTR of IGF-1R. The
results demonstrated that luciferase activity in wild-type
IGF-1R 3'-UTR-transfected HEC-1A and Ishikawa cells
was significantly decreased by 55 and 57%, respectively
(Fig. 4B). However, a mutation in the miR-320a binding site
to IGF-1IR 3'-UTR completely eliminated this repression,
which suggested that miR-320a may directly bind to this
site. Consistently, overexpression of miR-320a significantly
downregulated the protein expression of IGF-1R (Fig. 4C).
These results suggested that the potential target of miR-320a
was IGF-1R, and that miR-320a was inversely associated with
IGF-1R.

Overexpression of miR-320a inhibits IGF-1R-mediated tran-
scriptional activity. Given that IGF-1R gene was the direct
target of miR-320a, it was reasonable to infer that suppression
of downstream protein mediated by IGF-1R such as Akt,
mTOR and Bad may be the underlying mechanism for the
suppressive effect of miR-320a on cell proliferation. To verify
the present assumption, western blotting was performed
to examine the protein expression of Akt, mTOR and Bad
in cells transfected with Lv-miR-320a or Lv-control. As
presented in Fig. 5, upregulation of miR-320a reduced p-Akt
and p-mTOR expression with no significant effect on t-Akt
or t-mTOR, but increased Bad expression. Taken together,
these results suggested that miR-320a inhibited cell growth
by regulating the phosphorylated protein expression mediated
by IGF-1R.
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Figure 3. miR-320a blocked cell cycle progression in the G,/M phase and regulated cell apoptosis. (A) HEC-1A and Ishikawa cells were transfected with
Lv-miR-320a or Lv-control for 48 h and cell cycle was determined by flow cytometry. Results demonstrated that G,/M phase arrest and G,/G, phase declined
in both cell lines transfected with Lv-miR-320a. (B) Apoptosis was measured by AnnexinV-PE/7-ADD staining following Lv-miR-320a or Lv-control transfec-
tion. Results demonstrated that the rate of early and late apoptosis was increased following transfection with Lv-miR-320a. "P<0.05; “P<0.01. miR, microRNA;

Lv, lentivirus.

IGF-IR is a functional mediator for miR-320a in endometrial
carcinoma. Previously, it was verified that IGF-1R was a
direct target of miR-320a in endometrial carcinoma, thus it
was inferred that reintroduction of IGF-1R into Lv-miR-320a
transfected cells may be able to antagonize the impact of
miR-320a on cell functions. To verify this assumption, IGF-1R
or control were first transferred into Lv-miR-320a endometrial
carcinoma cells, which was confirmed by western blotting. As
presented in Fig. 6A, inreasing the expression of IGF-1R partly
recovered the expression of p-Akt, p-mTOR and Bad, but had
no significant impact on t-Akt and t-mTOR expression. These
results demonstrated that IGF-1R was a direct mediator for
miR-320a in endometrial carcinoma.

Discussion

Itis proposed that miR-320a is dysregulated in many solid tumors,
and its underling mechanism has been partly investigated. It
has been reported that miR-320a is implicated in the metas-
tasis of colorectal cancer to the liver (15). It has been reported
that miR-320a post-transcriptionally regulated hepatocellular
carcinoma migration and invasion by targeting GNAII (16).
It was suggested that the expression pattern of miR-320a was
tissue-specific and the function was cell content-dependent (17),
although miR-320a was reported to modulate non-small cell
lung cancer proliferation and invasion (18) and glioma cell
functions (19) by directly targeting IGF-1R. Many miRNAs are
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Figure 4. miR-320a directly targets IGF-1R and downregulates IGF-1R protein expression in HEC-1A and Ishikawa cells. (A) Wt and Mut potential miR-320a
target sequences of IGF-1R 3'UTR. (B) Luciferase reporter assays demonstrated that miR-320a suppressed the luciferase activity of wild-type IGF-1R 3'UTR.
(C) Western blotting demonstrated that miR-320a decreased IGF-IR protein expression. “P<0.05 vs. Lv-control; “P<0.01. miR, microRNA; IGF-IR, insulin
like growth factor receptor-1; Wt, wild type; Mut, mutant; UTR, untranslated region.

reported to have different roles in endometrial carcinoma (20),
but the function of miR-320a in endometrial carcinoma and the
potential mechanisms are rarely reported.

In the present research, it was demonstrated that the expres-
sion of miR-320a was dramatically decreased in endometrial
carcinoma tissues and cell lines. Overexpression of miR-320a
significantly inhibited cell proliferation and colony formation
in HEC-1A and Ishikawa cells. Furthermore, upregulation of
miR-320a lead to higher apoptosis and G,/M phrase blockage.
These results suggested that miR-320a had an anti-tumor
role in endometrial carcinoma. The underlying mechanism
by which miR-320a exerts its impact on the progression of
endometrial carcinoma was explored. It has been reported that
the biological features of the specific target gene of a certain
miRNA are dependent on its biological system (21). It has been
reported that in leukemia cells, miR-320a increased survivin
expression but in fibroblast cells, it downregulated ETS-1
expression (22,23). In addition, miR-26a exerted the anti-tumor
role in hepatocellular carcinoma by mediating cyclin-D2 and
cyclin-E2 expression (24), but in malignant glioblastoma,
miR-26a served as an oncogene by regulating PTEN func-
tion (25). So, it is important to ascertain the potential target
gene of particular miRNAs in a cell-dependent pattern. In our
previous study, it was demonstrated that IGF-1R is associated
with the carcinogenesis and chemotherapy sensitivity of endo-

metrial carcinoma (26,27). It was speculated that miR-320a
may function in the tumorigenesis of endometrial carci-
noma through targeting IGF-1R. To detect this hypothesis,
TargetScan database was used to predict the possible target
gene of miR-320a, and it was demonstrated that the IGF-1R
gene was the potential target of miR-320. A rescue experiment
was then performed to determine whether IGF-1R is the exact
regulator for miR-320a in endometrial carcinoma. The present
results demonstrated that IGF-1R was the direct target of
miR-320a and reintroduction of IGF-1R into miR-320a-over-
expressed cells antagonized the role of miR-320a on IGF-1R
downstream protein, such as p-Akt/p-mTOR and Bad. Taken
together, these results suggested that IGF-1R is a functional
regulator for miR-320a in endometrial carcinoma.

Inconclusion, the present study demonstrated that miR-320a
was an anti-tumor miRNA in endometrial carcinoma, although
it is required to further investigate the role of miR-320a in the
malignant transformation process from normal endometrium
to proliferative or secreting phase endometrium to endometrial
carcinoma. It was also demonstrated that miR-320a exerted
anticancer effects through suppression of the signal pathway
mediated by IGF-1R. Although miRNA-based targeted treat-
ments are still in an initial stage, the present findings suggest
that miR-320a could be an effective target for the treatment of
endometrial carcinoma in future.
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p-mTOR and p-Akt expression and increased Bad expression, but exerted no significant effect on t-mTOR and t-Akt. Data are presented as the mean =+ standard
deviation of 3 independent experiments. “P<0.05. IGF-1R, insulin like growth factor receptor-1; miR, microRNA; p, phosphorylated; mTOR, mechanistic target
of rapamycin; Akt, protein kinase B; Bad, B cell lymphoma-2-associated death promoter; t, total; Lv, lentivirus.
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Figure 6. The expression of related proteins mediated by IGF-1R was rescued by upregulation of IGF-1R expression. miR-320a-transfected endometrial
carcinoma cells were simultaneously transfected with pcDNA-IGF-1R or control. Overexpression of IGF-1R rescued the expression of decreased p-mTOR,
p-Akt and increased Bad, but had no marked effect on t-mTOR and t-Akt. Data are average value of 3 independent experiments. Data are presented as the
mean + standard deviation of 3 independent experiments. ‘P<0.05. IGF-1R, insulin like growth factor receptor-1; miR, microRNA; p, phosphorylated; mTOR,
mechanistic target of rapamycin; Akt, protein kinase B; Bad, B cell lymphoma-2-associated death promoter; t, total.
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