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MicroRNA-223 promotes mast cell apoptosis by
targeting the insulin-like growth factor 1 receptor
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Abstract. The present study aimed to examine the func-
tional role of miR-223 in the regulation of mast cell
apoptosis. Overexpressed miR-223 in mast cells transfected
by Lipofectamine 2000 was used as a model, and miR-223
was found to promote mast cell apoptosis. To investigate the
underlying mechanisms involved, the potential and putative
target molecules of miR-223 were detected by bioinformatical
analysis using predictive software, and western blotting.
Insulin-like growth factor-1 receptor (IGF-1R) was found to
be the functional target of miR-223 in the promotion of cell
apoptosis. The downstream PI3K/protein kinase B (Akt)
signaling pathway was also inhibited, and signaling was medi-
ated by IGF-1R. Furthermore, the relative luciferase activity
of the reporter containing the 3'-untranslated region (3'-UTR)
of IGF-1R was significantly suppressed, while suppression
of miR-223-inhibited IGF-1R protein expression was also
observed. In conclusion, the results suggest that IGF-1R is the
functional target for miR-223 promotion of cell apoptosis, and
its downstream PI3K/Akt signaling pathway was suppressed
by miR-223 through targeting of IGF-1R.

Introduction
Mast cells, first identified by Paul Ehrlich in 1878, originate

from multilineage hematopoietic progenitors that migrate to
the organs and tissues and mature, ultimately residing under the
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effect of local cytokines and stem cell factor (1-4). Mast cells are
predominantly localized at sites that are in close contact with the
external environment, including the respiratory tract, gastroin-
testinal tract and skin. These cells function as important sentinel
cells, which identify risk, and initiate and coordinate an inflam-
matory response following their activation (5-7). Mast cells are
considered to be multifunctional cells that can be produced and
stored, and specifically recognize and respond to various stimuli
by releasing an array of biologically active mediators (1,4).
Therefore, mast cells participate in various biological processes,
including the maintenance of homeostasis, angiogenesis, innate
and adaptive immunity and immune tolerance. They also serve
a significant role in several diseases, such as bronchial asthma,
chronic skin inflammation (8), autoimmune diseases including
rheumatoid arthritis (2,9), atherosclerosis (10), cancer (11) and
fibrotic diseases (4,7). A correlation between disease severity
and the number of mast cells has been previously identified in
certain of the aforementioned diseases (2). Thus, controlling
the mast cell numbers may serve as an attractive therapeutic
intervention in mast cell-associated diseases, while a feasible
strategy to counteract mast cell-dependent disease is to selec-
tively induce mast cell apoptosis (5,12,13). Mast cells have
been demonstrated to serve a primary role in asthma (14), and
previous studies have reported that miR-223 increased remark-
ably in the serum of children with asthma. Similar findings have
been observed in an OVA-induced murine asthma model (15).
MicroRNAs (miRNAd or miRs) are a group of small,
non-coding, single-stranded RNA molecules with a length of
~22 nucleotides. MiRNAs bind to the 3'-untranslated region
(3'-UTR) of mRNAs, which then results in mRNA degradation
or translational inhibition, thus post-transcriptionally regulating
the translation of target genes (16-19). These target genes regulate
a wide variety of biological processes, including differentiation,
proliferation, maturation, apoptosis and tumorigenesis (16-19).
Insulin-like growth factor 1 receptor (IGF-1R) is a trans-
membrane receptor tyrosine kinase that is widely expressed
in numerous cell lines and cell types, which is very important
for cellular proliferation in vivo. The primary components of
the IGF-1R pathway include IGF-1R and its highly structur-
ally conserved family member, the insulin receptor. Both
receptors consist of two half-receptors, each comprising one
extracellular a-subunit and one transmembrane [3-subunit that
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possesses tyrosine kinase activity. IGF-1R signaling cascades
begin at the cell surface with IGF ligands (IGF-1 and IGF-2)
binding to several transmembrane receptors, namely IGF-1R,
IGF-2R and the IR, which serves an important role in cell
growth, transformation, and the protection of cells from a
variety of apoptotic stimuli (20-23). The relationship between
microRNA and IGF-1R has attracted increasing attention.
It has been reported that miR-7 (24), miR-320a (25) and
miR-503 (26) modulate glioma cell functions including prolif-
eration, apoptosis, migration, invasion and tumorigenesis by
targeting IGF-1R. In addition, researches have demonstrated
that upregulation of miR-150, miR-630 (27) and miR-497 (28)
inhibit cell proliferation and enhance apoptosis in pancreatic
cancer cells by targeting IGF-1R. More importantly, studies
have confirmed that miR-223 serves an important role in cell
proliferation and apoptosis by targeting the IGF-1R in other
cell types (19,29).

Apoptosis regulated by a specific gene is also known as
programmed cell death. Previous studies have confirmed
several components via which mast cell apoptosis is regulated,
including growth factors, monomeric IgE, Toll-like receptors,
tumor necrosis factor-o receptors and proteins of the Bcl-2
family (2,30). However, the underlying mechanism via which
miR-223 regulates the apoptosis of mast cells remains unclear.
In the present study, the role of miR-223 in cell apoptosis was
investigated to determine the potential mechanism by which
the miR-223-induced increase in cell apoptosis is mediated.

Materials and methods

Cell culture and transfection. Rat basophilic leukemia
(RBL) cells were obtained from the Shanghai Institute of
Biochemistry and Cell Biology (Chinese Academy of Science,
Beijing, China). The RBL cells, were cultured in Eagle's
minimal essential medium (EMEM) supplemented with
10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.,
Carlsbad, CA, USA). The cells were incubated at 37°C in a
humidified atmosphere supplemented with 5% CO,. The cells
were transfected with an miR-223 mimic the following day by
seeding using Lipofectamine 2000 (Thermo Fisher Scientific,
Inc.). Lipofectamine 2000 alone was used as the control
(empty vector). In order to induce miR-223 overexpression,
50 nM miR-223 mimic was used (Thermo Fisher Scientific,
Inc.). The cells were harvested 24 h after transfection, and
total RNA was extracted for reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis. Furthermore,
cell lysates were prepared for western blotting. Cell apoptosis
assays were also performed subsequent to inducing serum
starvation for 24 h.

RT-qPCR. Total RNA was extracted from RBL cells using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
Next, total RNA was reverse transcribed into cDNA using
a TagMan MicroRNA Reverse Transcription Kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to
the manufacturer's instructions. qPCR was performed using
an Applied Biosystems 7500 Fast Real-Time PCR system
(Thermo Fisher Scientific, Inc.) and a TagMan MicroRNA
Assay (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The following thermal conditions were used for all gPCR
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reactions: Amplification at 95°C for 5 min, 40 cycles at 95°C
for 10 sec, at 60°C for 30 sec and at 72°C for 10 sec. All reac-
tions were performed in triplicate with a final volume of 20 ul
(10 pl TagMan master mix, 1 yl cDNA, 1 ul miR-223/U6RNA
probe and 8 ul diethylpyrocarbonate). The primers used in the
PCR experiment were as follows: miR-223 forward, 5'-GTG
CAGGGTCCGAGGT-3', and reverse, 5'-CGGGCTGTC
AGTTTGTCA-3"; U6RNA forward, 5'-CTCGCTTCGGCA
GCACA-3', and reverse, 5-AACGCTTCACGAATTTGC
GT-3". The miRNA expression was determined using the 2-44¢4
method (31). UGRNA (Invitrogen; Thermo Fisher Scientific,
Inc.) was used as an internal control.

Transfection. RBL cells were plated into a 96-well plate at a
density of 3,000 cells/well; Lipofectamine 2000 was used as
the vector, and RBL cells were transfected with an miR-223
mimic. Briefly, one day prior to transfection, RBL cells were
placed in EMEM supplemented with 10% FBS until 30-50%
confluence. For miR-223 overexpression, 50 nM mimic
miR-223 was used. Cells were incubated at 37°C in a CO,
incubator for 24-48 h; the growth medium was replaced of
EMEM supplemented with 10% FBS after 4-6 h.

Cell viability assay. RBL cells were transfected with 50 nM
miR-223 mimics, and cell viability was assessed 24 h
post-transfection after serum starvation for 24 h. For the cell
viability assay, 10 ul Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) solution
was added to each well of 96-well plates (3,000 cells/well)
and the plates were incubated for 1 h with EMEM supple-
mented with 10% FBS. The optical density (OD) at 450 nm
was recorded using a microplate reader (DNM-9602; Beijing
Perlong New Technology Co., Ltd., Beijing, China). The OD
value representing the cell viability and number in each group
was calculated and summarized based on the results of three
independent experiments.

Apoptosis assay. Apoptosis of RBL cells was detected using
an Annexin V-fluorescein isothiocyanate (FITC)/prop-
idium-iodide (PI) staining assay. In order to induce cell
apoptosis, the cells were grown to 50-60% confluence, then
washed twice with FBS-free EMEM and starved in EMEM
without 10% FBS for 24 h. Flow cytometric analysis of apop-
totic cells was performed using a FITC Annexin V Apoptosis
Detection Kit I (BD Biosciences; Franklin Lakes, NJ, USA).
Subsequent to washing with cold phosphate buffered saline
(PBS), the cells were resuspended in binding buffer and
stained with Annexin V-FITC/PI for 15 min in darkness at
room temperature. Apoptotic cells were then evaluated by
gating PI- and Annexin V-positive cells on a BD FACSCalibur
flow cytometer (BD Biosciences). All the experiments were
performed in triplicate. The distribution of cells was analyzed
using Cell Quest Pro software (version 4.01; BD Biosciences)
within 1 h of staining. Data from 10,000 cells were collected
for each data file, and the number of cells in each category
was expressed as a percentage of the total number of stained
cells.

Dual luciferase reporter assay. A luciferase reporter assay
was performed on HEK-293T cells (Shanghai Institute of
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Biochemistry and Cell Biology (Chinese Academy of Science)
in order to confirm that IGF-1R is the target gene of miR-223.
At 48 h after transfection, the transfected cells were lysed
using 100 ul passive lysis buffer (Promega Corp., Madison,
WI, USA), subsequent to washing twice in PBS. Next, 20 ul
lysate was used to measure the luciferase activity with a
Dual-Luciferase Reporter Assay system (Promega Corp.).
The data were calculated based on the results of four inde-
pendent experiments. The mutated psiCHECK™ -2-IGF-1R
3'-UTR (China Anping Kang Biological Technology Co., Ltd.,
Shenzhen, China) was also transfected under the same condi-
tions. Subsequently, the miR-223 inhibitor and the control were
used at a final concentration of 100 nM in order to determine
the inhibitory effect of miR-223 on the 3'-UTR of IGF-1R.

Western blot analysis.RBL cells were cultured in 6-well plates
(3x10° cells/well) and lysed in ice-cold radioimmunopre-
cipitation assay buffer (Beyotime Institute of Biotechnology,
Nantong, China). The total protein concentration was deter-
mined using an enhanced BCA protein assay kit (Beyotime
Institute of Biotechnology). An equal amount of protein was
then separated by 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and transferred onto nitrocellulose
filter membranes (Merck Millipore, Billerica, MA, USA).
Next, the blots were blocked with 5.0% non-fat milk in PBS
with Tween 20 (PBST) for 2 h at room temperature. The blots
were then incubated overnight at 4°C with specific primary
antibodies against the following: IGF-1R (rabbit monoclonal,
9750), protein kinase B (Akt; rabbit polyclonal; 9272) and
phosphorylated-Akt (Ser473; p-Akt; rabbit monoclonal;
4060) at dilutions of 1:1,000, 1:1,000 and 1:2,000 (all three
from Cell Signaling Technology, Inc., Beverly, MA, USA);
and B-cell lymphoma-2 (Bcl-2; dilution, 1:200; sc-7382) and
GAPDH (rabbit polyclonal; dilution, 1:1,000; sc-25778) (both
purchased from Santa Cruz Biotechnology, Inc., Dallas,
TX, USA). Subsequently, the membranes were washed three
times with PBST and then incubated with horseradish perox-
idase-conjugated goat anti-rabbit or anti-mouse antibodies
(1:5,000; ZB-2305; Zhongshan Golden Bridge Biotechnology
Co., Ltd., Zhongshan, China) for 2 h at room temperature.
Signals were detected on a gel imaging system using the
Pierce ECL Western blotting substrate (Thermo Fisher
Scientific, Inc., Waltham, MA, USA).

Statistical analysis. Data were analyzed using SPSS software
version 20.0 (IBM Corp., Armonk, NY, USA). The Student's
t-test was used for the analysis of statistical differences between
two independent groups. Quantitative data are expressed as the
mean =+ standard deviation of at least three independent experi-
ments. Differences were considered as statistically significant
at P<0.05.

Results

Upregulation of miR-223 in mast cells. In order to elucidate
the role of miR-223 in mast cells, a model of overexpressed
miR-223 was established by transfecting the cells with miR-223
mimics using Lipofectamine 2000. Subsequently, in order
to identify miR-223 expression in mast cells, RT-qPCR was
performed, and the results showed that miR-223 expression
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Table I. miR-223 overexpressed in mast cells.
Group miRNA Fold change P-value
Control miR-223 1.08
miR-223 miR-223 3549.66 <0.001
miR, microRNA.
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Figure 1. Effect of miR-223 on mast cell viability. Cells were transfected with
50 nM miR-223 mimics and cell viability was assessed 24 h post-transfection
after serum starvation for 24 h using the cell counting kit-8. Results are
expressed as the mean + standard deviation. (“P<0.01; "P<0.05; n=5). miR,
microRNA.

was significantly higher in cells transfected with miR-223
compared with the expression in the control group (Table I).

miR-223 suppression of mast cell viability. A CCK-8 assay was
performed in order to investigate the viability of mast cells. At
24 h after serum starvation, a significant decrease in cell viability
was detected when compared with that in the control group
(Fig. 1). As shown in Fig. 1, the cell viability was decreased in
the miR-223 group compared with that in the control group, and
the same result was observed for the miR-223-transfected cells
under the serum starvation conditions.

miR-223 promotes cell apoptosis. To detect the effect of miR-223
on the apoptosis of mast cells, a cytofluorometric apoptosis assay
was performed and the flow cytometry results are shown in
Fig. 2A. Previous studies have shown that serum starvation can
effectively induce cell apoptosis (32,33). In the current study,
serum starvation conditions were induced on cultured mast cells
for 24 h in order to initiate cell apoptosis. As shown in Fig. 2B,
incubation of the cells with miR-223 significantly increased the
serum starvation-induced apoptosis of mast cells.

IGF-IR is targeted by miR-223. An increasing number of
studies are investigating IGF-1R, which has been demon-
strated to serve a significant role in the regulation of cell
proliferation and apoptosis (34-37). Therefore, in order to
further investigate the underlying mechanism through which
miR-223 promotes the apoptosis of mast cells, IGF-1R was
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Figure 2. Upregulation of miR-223 expression induces mast cell apoptosis.
(A) Post-transfection with miR-223, cells were stained with Annexin-V-FITC
and propidium iodide, followed by flow cytometry. (B) Representation of
average apoptotic cell fractions (early and late apoptosis cells) in each group
for three independent experiments. (“P<0.01; "P<0.05; n=5). miR, miRNA.

selected in the present study. The results demonstrated that the
IGF-1R protein expression levels, as detected by western blot-
ting, decreased in the cells overexpressing miR-223 compared
with those in the control group (Fig. 3A). A 3'-UTR reporter
assay was then conducted to determine whether miR-223
binds to the 3'-UTR of IGF-1R. The results showed a decrease
in luciferase activity in the cells transfected with an miR-223
expression vector compared with the cells transfected with the
control vector (Fig. 3B), indicating that IGF-1R was inhibited
in IGF-1R 3'-UTR by miR-223.

miR-223 inhibition of PI3K/Akt signaling pathway. The expres-
sion levels of Akt, an essential protein kinase in the PI3K/Akt
signaling pathway downstream of IGF-1R, and of its active form
(p-Akt) were determined to assess whether the IGF-1R-mediated
downstream signaling pathway was also inhibited by miR-223.
The results revealed that the expression of p-Akt was signifi-
cantly decreased compared with that of the control group;
however, the expression of total Akt was unaffected (Fig. 4).
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Figure 3. IGF-1R targeted by miR-223. (A) IGF-IR protein expression,
detected by western blotting, decreased in the miR-223-overexpression group
compared with that in the control group. (B) Luciferase activity decreased
in cells overexpressing miR-223 compared with that in the control group
("P<0.01). IGF-1R, insulin-like growth factor 1 receptor; miR, microRNA.
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Figure 4. miR-223 negatively regulates the PI3K/Akt signaling pathway.
(A) Western blotting was used to detect the expression levels of Akt, p-Akt,
and Bcl-2 in cells transfected with miR-223. GAPDH was used as a loading
control. (B) Data were normalized to GAPDH expression and presented
as a percentage of the expression level in untreated cellular controls.
Data are presented as the mean + standard deviation. ‘P<0.01 vs. control.
miR, microRNA; Akt, protein kinase B; p-, phosphorylated; Bcl-2, B-cell
lymphoma-2.

Furthermore, Bcl-2 (an anti-apoptotic regulator) is one of the
downstream molecules, which are normally promoted by
p-Akt. In the present study, the protein expression of Bcl-2 was
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downregulated upon miR-223 transfection, when compared
with that in the control group (Fig. 4).

Discussion

In the present study, increasing apoptosis was observed in mast
cells with an overexpression of miR-223. miRNAs serve a vital
regulatory role in various biological processes by targeting
mRNAs for cleavage or translational repression (16,19). In
recent years, accumulating evidence has demonstrated that
the myeloid-specific miR-223 can affect multiple targets
and modulate different cellular processes, ranging from the
regulation of cell proliferation and cancer development to
hematopoietic differentiation, particularly in myeloid lineage
development, and immune cell function (38-40). A number
of studies have demonstrated that miR-223, an evolutionarily
conserved miRNA, may represent a potential biomarker for
various diseases, including recurrent ovarian cancer (41),
psoriasis (42) and bladder cancer (43). It was also reported
that miR-223 functions as an oncogene in human colorectal
cancer (CRC) cells, and reducing the miR-223 expression
may result in decreased cell proliferation, migration and
invasion of CRC cells (44). Therefore, elevated expression of
miR-223 leads to a poor prognosis in patients with CRC (45).
Similar effects have been observed in osteosarcoma (46,47)
and Helicobacter pylori-associated gastric cancer (48).
Furthermore, studies have confirmed that miR-223 targets the
transcription factor CEBP-a (49), glutamate receptors (GluR2
and NR2B) (50), stathminl (51) and IGF-1R (52), contributing
to the biological function in other cell types.

Two pathways are known to be involved in regulating mast
cell apoptosis: The extrinsic and the intrinsic pathways. The
Bcl-2 protein family plays a key role in the intrinsic pathway of
apoptosis (2). This protein family contains pro- and anti-apop-
totic members, and the balance between these members
determines cell survival and apoptosis (5). As shown in Fig. 4,
the expression of Bcl-2 protein decreased in cells overex-
pressing miR-223 when compared with that in the control
cells. In addition, identification of the pro-apoptotic Bcl-2
homology 3-only proteins has also been reported, including
p53 upregulated modulator of apoptosis and Bcl-2-like 11,
which are critical for the induction of mast cell apoptosis
following cytokine deprivation (2,12). Furthermore, mast cell
apoptosis can be triggered by tumor necrosis factor-related
apoptosis-inducing ligand receptor, which is involved in the
extrinsic pathway of apoptosis (2). Therefore, induction of
apoptosis may provide a novel intervention by disrupting the
development of mast cell-associated disorders.

In the present study, a model of miR-223 overexpression was
established by transfecting cells using Lipofectamine 2000,
and the miR-223 suppression of proliferation and promotion
of apoptosis was observed in mast cells. The present results
suggest that miR-223 functioned as a negative regulator of cell
growth. In order to determine the underlying mechanisms and
target genes that were responsible for the suppressive func-
tion of miR-223, a luciferase reporter assay was performed.
The results demonstrated that overexpression of miR-223
resulted in a significant decrease in the luciferase activity of
the IGF-1R-3'-UTR reporter. Furthermore, western blotting
detected that the IGF-1R protein expression was significantly
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downregulated following overexpression of miR-223 in cells.
All the aforementioned results indicate that IGF-1R is a func-
tional target gene of miR-223.

The IGF-1R signaling pathway is involved in the normal
growth and development of cells, and serves a crucial role in
the regulation of cell proliferation following IGF-1 binding
to IGF-1R through activation of the PI3K/Akt signaling
pathway (52-54). The upstream PI3K/Akt signaling pathway
has been shown to mediate dynamic changes in the actin
cytoskeleton, integrin signaling and cell survival (37,55). The
PI3K/Akt signaling pathway is important in miR-223 regu-
lation of cell apoptosis, and the results of the present study
showed that the PI3K/Akt signaling pathway was suppressed
by overexpression of miR-223, which is consistent with
bioinformatical predictions. The current study revealed that
miR-223 regulates the apoptosis of mast cells by targeting
IGF-1R and its downstream PI3K/Akt signaling pathway.

In conclusion, the present study indicated that increasing
the expression of miR-223 can promote apoptosis in mast
cells. IGF-1R, as the target gene of miR-223, and the PI3K/Akt
signaling pathway were found to be involved in the regulation
of mast cell apoptosis.
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