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proliferation by targeting IGF-1R
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Abstract: MicroRNAs were recently found to participate in oncogenesis and growth of various tumors. We hypothe-
sized that microRNA-223 (miR-223) plays a role in endometrial carcinoma growth. In this study, we transfected RL95-
2 cells with lentivirus containing miR-223 precursor to establish a miR-223 over-expression model. Proliferation of
the cells was greatly inhibited when miR-223 was over-expressed, and cell cycle progress was blocked in GO/G1
phase. To investigate the mechanisms involved, we scanned the putative target genes of miR-223 using bioinfor-
matics, and confirmed that insulin-like growth factor-1 receptor (IGF-1R) was a functional target of miR-223 using
quantitative PCR, Western blot and luciferase reporter assay. Meanwhile, over-expressed miR-223 was found to
regulate the expression of IGF-1R by repressing protein translation. Silencing IGF-1R with small interfering RNA
resulted in similar effect as miR-223 overexpression. Therefore, our data suggest that miR-223 regulates RL95-2
cells proliferation and cell cycle progress by targeting IGF-1R.
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Introduction

Endometrial cancer is the most common gyne-
cology cancer in developed countries, with
endometrioid endometrial cancer (EEC) being
the most dominant subtype that represents
approximately 80% of all cases [1-3]. MicroRNAs
(miRNAs) are single-stranded, small non-coding
RNAs consisting of 20-22 nucleotides [4]. They
can regulate gene expression by hybridizing the
target sites with complementary sequences
and result in translational repression, mRNA
cleavage, or destabilization [5, 6]. As posttran-
scriptional regulators, miRNAs participate in
many biologic processes, such as cell prolifera-
tion, differentiation, apoptosis, and oncogene-
sis [5]. Several studies have reported the
expression profiles of tissue miRNAs in EEC,
and numerous mMIiRNAs were aberrantly
expressed [7-10]. A recent report claimed that
four serum miRNAs were significantly increased
in endometrial cancer patients compared with
control, including miR-223 [11]. MiR-223 has
been shown to have an important role in the
proliferation of venous smooth muscle cells,
Hela cells, and hematopoietic cells [12]. The

functions of miR-223 have been linked to the
suppression of a variety of target genes, with
currently validated targets including Rasal,
NFI-A, STMN1, FOX01, and IGF-1R. However,
roles of miR-223 in endometrial cancer cells
have not been deciphered.

The insulin-like growth factor-1 receptor (IGF-
1R) system, which plays a key role in normal
growth of the cells, is comprised of ligands (IGF-
1, IGF-2), cell surface receptors (IGF-1R, IGF-2R,
and insulin receptor) and at least six binding
proteins (IGFBPs) [13]. The IGFs regulate cell
proliferation mainly by binding to IGF-1R and
activating downstream PI3K/Akt signal path-
way [14]. Previous studies showed a pivotal role
for IGF-1R action in endometrial cancer and
emphasized the importance of altered IGF-1R
gene expression in the development of a malig-
nant phenotype [15-17]. IGF-1R inhibition tech-
niques were investigated as promising thera-
peutic tools against endometrial carcinoma.

Using bioinformatics predictions, we identified
that there were putative binding sites in the
3’-untranslated regions (3'UTR) of IGF-1R,
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Table 1. Potential interactions between miR-
223 and the 3'UTR of target genes

Predicted consequential pairing
IGF1R-3'UTR 5’'CCUGCCCAAACCCUUAACUGACA
hsa-miR-223 3’ACCCCAUAAACUGUUUGACUGU
FOX01-3'UTR 5’AGUUCUGCUUUGACAAACUGACA
hsa-miR-223 3’ACCCCAUAAACUGUUUGACUGU
E2F1-3'UTR  5’'GAGGGAGACAGACUGACUGACAG
hsa-miR-223 3’ACCCCAUAAACUGUUUGACUGU
IKKa-3'UTR  5’'UUGCAAUCUAAUCUGAACUGACC
hsa-miR-223 3’ACCCCAUAAACUGUUUGACUGU

STAT3, FOX01, and IKKa mRNA, to which miR-
223 seed sequence may bind (Table 1). Based
on previous data, we hypothesized that miR-
223 modulated cell proliferation via IGF-1R. In
this study, we over-expressed miR-223 in RL95-
2 cells and further investigated the potential
regulation of miR-223 on IGF-1R.

Materials and methods
Cell culture, lentivirus transduction

RL95-2 cells (China center for type culture col-
lection of Wuhan) were cultured in DMEM/F12
and HEK-293 cells (ATCC), supplemented with
10% fetal bovine serum (Invitrogen) and 1%
penicillin/streptomycin (Invitrogen).

Lentiviral particles for hsa-miR-223 (Cat. #:
LP-HmiRO379-MR03-C0005) and scramble
control (Cat. #: LP-CmiRO0O01-MR03-0200)
were purchased from GeneCopoeia. Lentivirus
transduction was performed according to the
manufacturer’'s instruction. Briefly, RL95-2
cells were seeded onto a 24-well plate and cul-
tured for 24 h to achieve 70% confluence.
RL95-2 cells were then transfected with indi-
cated lentivirus in the presence of 8 ug/ml
polybrene overnight. The efficiency of infection
was measured under a fluorescent microscope
72 h after the transfection and the cells were
sorted using a flow cytometry. The sorted cells
were used in the following experiments.

Cell proliferation assays

Cell proliferation was determined with the Cell
Counting kit-8 (Beyotime Biotech) assay. In
brief, RL95-2 cells were seeded onto 96-well
plates at an initial number of 3,000 cells per
well. At the time point of 24, 48, and 72 h, 10 pl
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of the kit reagent was added to each well, and
1 h later all plates were scanned by a micro-
plate reader (Thermo Fisher Scientific) at 450
nm. Each experiment was performed 3 times
independently.

Luciferase reporter assay

HEK-293 cells were seeded in 96-well plates.
After 24 hour’s incubation, cells were cotrans-
fected with either IGF-1R 3'UTR clone or nega-
tive control clone (GeneCopoeia) and miR-223
vector or scramble control. Forty-eight hours
after transfection, the cells were assayed by
both firefly and renilla luciferase using the dual
luciferase assay system (GeneCopoeia) accord-
ing to manufacturer’s instructions. All transfec-
tion experiments were conducted in triplicate
and repeated 3 times independently.

RNA extraction and quantitative RT-PCR

Total RNA was extracted from cells with TRIzol
reagent (Ambion) and reverse transcription
reaction was performed using a RT Kit (Takara)
according to the manufacturer’s protocol. The
RT products (cDNA) were amplified by real-time
quantitative PCR with SYBR green Master Mix
(Takara). The primers sequences are shown in
Table 2. For sample analysis, the threshold was
set based on the exponential phase of prod-
ucts, and the 22T method was performed to
analyze the data, as described previously [18].
The expression level of IGF-1R was normalized
to B-actin mRNA. All reactions were run in tripli-
cate and all experiments were performed 3
times independently.

miRNA PCR

Mature miR-223 was detected with the All-in-
One miRNA gRT-PCR Detection Kit (Gene-
Copoeia). Briefly, total RNA was polyadenylated
and reverse transcribed using a poly dT-adap-
tor primer. Quantitative RT-PCR was performed
using a miRNA-specific forward primer and a
universal reverse primer. The following forward
primers were synthesized by GeneCopoeia:
5-UGUCAGUUUGUCAAAUACCCCA-3’ for hsa-
miR-223-3p and 5-CAAATTCGTGAAGCGTTC-
CATAT-3’ for U6 small nuclear RNA (U6). The uni-
versal reverse primer was purchased from the
same company. U6 small nuclear RNA was
used as an internal control.
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Table 2. Primer sequences (all 5’-3’) used in real-time RT-PCR

Genes GeneBank accession no Forward primer Reverse primer
IGF1R NM_000875 GGACAGGTCAGAGGGTTTC CTCGTAACTCTTCTCTGTGCC
FOXO01 NM_002015 TGGACATGCTCAGCAGACATC TTGGGTCAGGCGGTTCA
E2F1 NM_005225 CAGAGCAGATGGTTATGGT TATGGTGGCAGAGTCAGT
IKKa NM_001278 TGGAGTTAGAGGCTGTGA GTCATCTGCTCGCTGTAT
ACTB NM_001101 GTCCACCGCAAATGCTTCTA TGCTGTCACCTTCACCGTTC

Western blot

Cells were lysed in RIPA lysis buffer supple-
mented with a protease inhibitor cocktail solu-
tion. Proteins and pre-stained molecular weight
markers were separated by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis and
transferred onto polyvinylidene fluoride mem-
branes. After being blocked in 5% no-fat milk or
bovine serum albumin, the membranes were
incubated with antibodies against human IGF-
1R (1:1000, ABclonal), phospho-IGF-1R (1:500,
ABclonal), FOXO1 (1:1000, ABclonal), E2F1
(1:800, ABclonal), IKK-a (1:1000, ABclonal), or
B-actin (1:800, Santa Cruz) overnight at 4°C,
and then followed by 1 hour’s incubation with
the appropriate peroxidase-conjugated sec-
ondary antibody. Immunoreactive bands were
visualized by enhanced chemiluminescence
according to the manufacturer’s protocol (ECL
kit, Advansta). To evaluate the expression of
target proteins, the bands were scanned using
a GS-800 scanning densitometer (BioRad). The
intensity of each protein band was quantified
with BioRad Quantity One software analysis
system.

Flow cytometric analysis

Cell cycle distributions were assayed using flow
cytometry. Briefly, RL95-2 cells were trypsin-
ized, collected, washed, and stained with prop-
idium iodide (PI, Sigma-Aldrich) and RNase A
(Sigma) for 30 min at 4°C according to the man-
ufacturer’s protocol (Sigma).

RNA interference

RL95-2 cells were plated into 6-well plate 24 h
prior to transfection. After the replacement of
fresh culture medium, the cells were transfect-
ed with IGF-1R siRNA (5-GATTGAGTTTCTCAA-
CGAA-3’) or the negative control siRNA (RiboBio
Co., Ltd.) using lipofectamine 2000 (Invitrogen,
CA) following the manufacturer’s protocol.
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Knockdown of IGF-1R was identified by quanti-
tative PCR and western blot 48 hours after
expression of the siRNAs. B-actin was used as
an internal control.

Statistical analysis

Results were expressed as the mean * SD.
Statistical analysis was performed on raw data
by Student’s t-test after testing for normal dis-
tribution (Skewness and Kurtosis test) and
homoscedasticity (Levene test) of variance
using Statistical Package for the Social
Sciences 13.0 (SPSS, Chicago, IL, USA). In
cases where data did not show a normal distri-
bution or homoscedasticity of variance, values
were log transformed prior to further statistical
analysis. A P value < 0.05 was considered sta-
tistically significant.

Results

MiR-223 suppression of RL95-2 cell prolifera-
tion

To observe the biological role of miR-223 in the
proliferation of endometrial carcinoma cell,
RL95-2 cells were transfected with lentivirus
particles expressing a mature miR-223-3p
sequence, and the sorted miR-223 transfected
RL95-2 cells were used as a stable miR-223
over-expression model. The expression of miR-
223 was significantly increased in the over-
expression model (Figure 1A). The proliferation
rate of miR-223 over-expression cells was
markedly reduced as compared with RL95-2
cells transfected with scramble control (Figure
1B). To investigate the effect of miR-223 on cell
cycle progression, flow cytometry following
staining with propidium iodide were then per-
formed. The cell population in GO/G1 phase
was higher in miR-223 overexpression group
(miR-223 group) than in scramble control group
(SC group). In contrast, the cell population in
G2/M was lower, indicating a block in the GO/
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Figure 1. MiR-223 regulates RL95-2 cells proliferation. A. MiR-223 was over-expressed inRL95-2 cells and con-
firmed by quantitative PCR. *P < 0.05. B. Growth curves of miR-223 and EV infected RL95-2 cells were conducted
by CCK-8 assay. *P < 0.05. C-E. Cell cycle distribution for SC and miR-223 groups were assayed by flow cytometry.
Cells were treated with RNaseA and stained with PI. *P < 0.05.

G1 phase transition of the cell cycle (Figure
1C-E).

IGF-1R is regulated by miR-223
To further investigate the mechanism how miR-
223 inhibits the proliferation of RL95-2 cells,

we searched for potential targets of miR-223
through the online algorithm of Targetscan 5.1.
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Hsa-miR-223 was identified having potential
binding sites at the 3'UTR of IGF-1R, FOXO1,
STAT3 and IKK-a mRNA. Results by quantitative
PCR suggested that all potential targets did not
reduce significantly at mRNA levels in the miR-
223 group (Figure 2A). However, we found that
both IGF-1R and phosphorylated IGF-1R pro-
teins were significantly reduced in miR-223
group compared with SC group (Figure 2B, 2C).
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Figure 2. MiR-223 directly targets IGF-1R. A. Quantitative PCR was conducted to detect the mRNA expression levels
of IGF-1R, FOX01, E2F1 and IKK-a after miR-223 over-expression in RL95-2 cells. B. Western blot was performed to
detect the protein levels of IGF-1R, phosphorylated IGF-1R, FOX01, E2F1 and IKK-a after miR-223 over-expression
in RL95-2 cells. C. Protein bands were scanned to measure the integral density in B experiments and normalized to
those of B-actin. The relative expression was then compared. *P < 0.05. D. Scramble control or miR-223 lentiviral
vector was co-transfected with IGF-1R 3'UTR clone or control clone in HEK-293 cells. After 48 hours, luciferase

activity was assayed. *P < 0.05.

To determine whether miR-223 acts directly on
IGF-1R 3’UTR, we conducted a series of lucifer-
ase reporter assays by co-transfection of miR-
223 or scramble control and luciferase con-
structs containing IGF-1R 3’UTR or control
clone. Luciferase activity was decreased
approximately 70% in miR-223 and IGF-1R
3’'UTR clone co-transfection group, compared
with the other 3 groups (Figure 2D).

SiRNA mimicked the effect of miR-223 on
downregulation of IGF-1R

Our results showed that miR-223 suppressed
IGF-1R in protein level, but not in mMRNA level.
To further prove that inhibition of IGF-1R is suf-
ficient to reduce cell proliferation and alter cell
cycle distribution, siRNA of IGF-1R were con-
ducted and transfected into RL95-2 cells. The
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expression of IGF-1R was significantly decr-
eased after siRNA transient transfection
(Figure 3A-C). Similar suppression of cell prolif-
eration and cell cycle distribution as in miR-223
overexpression cells were observed (Figure
3D-F).

Discussion

Previous studies have reported that miR-223
has an effect on different cellular processes,
ranging from hematopoietic differentiation [19-
21] and immune cell function [22, 23] to carci-
nogenesis [24-27]. Wang et al. previously
reported that miR-223 can inhibit cell prolifera-
tion and serve as a tumor suppressor [28].
However, Laios et al. found that high levels of
miR-223 were correlated with recurrent ovarian
cancer [25]. In the present study, a miR-223

Am J Transl Res 2014;6(6):841-849
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Figure 3. Interference of IGF-1R mimics the suppression of growth by miR-223. A. Quantitative PCR was conducted
to detect the mRNA expression levels of IGF-1R after transfection with siRNA to RL95-2 cells. *P < 0.05. B. Western
blot was performed to detect the protein levels of IGF-1R and phosphorylated IGF-1R after transfection with siRNA
to RL95-2 cells. C. Protein bands were scanned to measure the integral density in B experiments and normalized
to those of B-actin. The relative expression was then compared. *P < 0.05. D-F. Cell cycle distribution for negative
control and siRNA groups were assayed by flow cytometry. Cells were treated with RNaseA and stained with Pl. *P
< 0.05.

over-expression model was established and cycle distribution of endometrial carcinoma cell
the role of miR-223 in the proliferation and cell was investigated.
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We hypothesized that miR-223 may be a pivotal
component in regulation of RL95-2 cells prolif-
eration. Lentiviral transduction was performed
to achieve over-expression of miR-223, and
CCK-8 assays revealed that over-expression of
miR-223 inhibited the proliferation of RL95-2
cells. Furthermore, over-expression of miR-223
was found to increase the cells in the GO/G1
phase and decrease the cells in the G2/M
phase. Together with previous reports [29], cur-
rent study indicated that over-expression of
miR-223 was able to block cell cycle progres-
sion by induce GO/G1 arrest. All these results
suggested that miR-223 functioned as a nega-
tive regulator for the cell growth, which was
consistent with previous studies [28, 30].

In order to find out the target genes of miR-223,
we detected several putative targets of miR-
223 including IGF-1R, FOX01, STAT3, IKK-at and
found that all their mRNA levels changed slight-
ly after miR-223 over-expression. However, pro-
tein of IGF-1R was found to be significantly
down-regulated by miR-223. In the reporter
assay with the vector containing 3'UTR of IGF-
1R, the luciferase activity was greatly inhibited
after co-transfection of miR-223 vector. All
these results suggested that miR-223 interact-
ed with 3’'UTR of IGF-1R and suppressed IGF-1R
protein translation. The effect may be derived
from the mode by which miRNAs regulate gene
expression when miRNAs and targeted mRNA
sequences are incompletely complementary,
namely, miRNAs inhibit protein translation but
not degrade mRNA [31].

IGF-1R was involved in the development and
tumorigenesis of many malignant human
tumors, including endometrial carcinoma [32].
Hirano et al. [33] reported high expression of
IGF-1R in cancers originating from the genital
tract, with protein expression in 91.3% endo-
metrial cancers. Likewise, McCampbell et al.
[17] reported a significant increase in IGF-1R
expression in biopsies from endometrial carci-
noma compared with proliferative endometri-
um. Meanwhile, down-regulation of IGF-1R by a
variety of techniques can inhibit endometrial
cancer cells proliferation in vitro and in vivo [16,
34, 35]. In the present study, we confirmed that
down-regulation of IGF-1R by siRNA suppressed
proliferation of RL95-2 cells, which was similar
as miR-223 overexpression.

Taken together, our data suggested that miR-
223 suppressed the proliferation and cell cycle
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progression of endometrial carcinoma cells in
vitro. The effect was obtained through its target
gene IGF-1R.
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