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Abstract: Asthma is a wide-spread disease that significantly impacts health throughout the world. A key aspect of 
the pathology of the disease is the remodeling of the airways by airway smooth muscle cells (ASMCs). MicroRNAs 
play an important role in post-transcriptional gene regulation and are involved in numerous biological functions, 
including those linked to asthma. A large number of microRNAs have been identified and investigated in various cell 
types to assess their function. In the present study, the role and potential mechanisms of miR-223 in ASMCs were 
investigated. Overexpression of miR-223 was found to induce a phenotypic switch in ASMCs that led to decreased 
expression of proteins involved in the extracellular matrix, such as α-SMA (ACTA2), and type I and III collagens. In-
hibition of miR-223 caused the opposite result. However, unlike mast cells, neither overexpression nor inhibition of 
miR-223 affected cell viability or apoptosis in ASMCs. To further understand the effects of miR-223 on ASMCs, we 
applied bioinformatics analysis using predictive software, in combination with western blotting, to reveal that insu-
lin-like growth factor-1 receptor (IGF-1R) was the functional target of miR-223 that leads to the phenotypic switch 
of ASMCs. Suppression of luciferase activity in a reporter containing the 3’-untranslated region (3’-UTR) of IGF-1R 
confirmed that this region is the target for the miRNA. Finally, we showed that miR-223 suppressed IGF-1R expres-
sion and decreased downstream phosphorylation of Akt (AKT1) in ASMCs. In conclusion, our data demonstrate that 
miR-223 exerts an inhibitory effect on the fibrotic phenotypes of ASMCs via the PI3K/Akt signaling pathway and 
IGF-1R is the likely functional target of the microRNA.
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Introduction

Asthma is a significant medical issue that le- 
ads to a substantial burden of disease across 
the world [1]. It is a relatively common res- 
piratory disease that manifests through eosino-
philic inflammation, airway hyperresponsive-
ness, and airway remodeling. The interactions 
between these various symptoms are unclear 
[2]. Within asthmatic airways, chronic inflam-
mation cycles are maintained by inflammatory 
cells, although airway remodeling also contrib-
utes to pathology [3]. Several independent 
pathologic events result in this remodeling of 
the airway wall, including increased prolifera-
tion of mesenchymal cells, such as airway 
smooth muscle cells (ASMC) and fibroblasts, 
modified differentiation of mesenchymal cells, 
and de novo synthesis and deposition of pro-

inflammatory extracellular matrix (ECM) compo-
nents [4]. There have been several studies 
showing that ECM proteins can shift non-asth-
matic derived ASMCs towards a proliferative 
phenotype [5] and the expression of type I/III 
collagens, fibrin, hyaluronate, polysaccharide, 
and laminin are all increased in the airways of 
patients with asthma [6]. It is therefore likely 
that the deposition of ECM proteins, such as 
type I and type III collagen by ASMCs is involved 
in airway remodeling. A further factor affecting 
treatment outcome for patients with asthma is 
that even though glucocorticoids and broncho-
dilators can relieve and control asthma attacks, 
they cannot prevent nor reverse airway remod-
eling. Thus, controlling deposition of ECM pro-
teins by ASMCs could be a potential way to  
target airway remodeling and may serve as a 
therapeutic intervention for asthma.

http://www.ajtr.org
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MicroRNAs (miRNAs) are small, non-coding sin-
gle-stranded RNAs between 19 and 24 nucleo-
tides (nt) in length that have been highly con-
served during evolution. Typically, miRNAs bind 
the 3’-untranslated regions (3’-UTRs) of specific 
mRNAs and mediate deadenylation and degra-
dation of the transcript. This leads to trans- 
lational repression of target proteins and is 
essential to the control of many genes [7, 8]. 
Genes regulated by miRNAs are involved in 
many biological processes, such as differentia-
tion, proliferation, maturation, apoptosis, and 
tumorigenesis [9]. Since miRNAs were first 
reported in 1993, there have many thousands 
of miRNAs identified in animals, plants, and 
viruses (http://www.mirbase.org) [10]. Additi- 
onally, several studies have shown that a wide 
variety of miRNAs are involved in the symptoms 
of asthma. For example, mice deficient in bic/
microRNA-155 are immunodeficient and dis-
play increased lung airway remodeling [11]. 
Increased miRNA-146a expression negatively 
regulates the release of the pro-inflammatory 
chemokines IL-8 and RANTES [12]. Finally, 
miRNA-223 overexpression promotes mast cell 
apoptosis [9] and down-regulation promotes 
the degranulation of mast cells [13].

Insulin-like growth factors (IGFs) are hormones 
that are involved in growth and survival and 
suppress apoptosis and promote cell cycle pro-
gression, angiogenesis, and have also been 
linked with the metastatic activities of various 
cancers. Specifically, insulin-like growth factor 
1 receptor (IGF-1R) has been shown to be 
involved in cell transformations induced by 
tumors and mediates the activity of IGFs [14]. 
IGF-1R is a transmembrane receptor that be- 
longs to a large class of tyrosine kinase recep-
tors. Structurally, two alpha subunits and two 
beta subunits make up IGF-1R, with the former 
inducing the tyrosine autophosphorylation of 
the latter. This triggers a cascade of intracellu-
lar signaling involved in cell survival and prolif-
eration [15, 16]. Due to this, there have been 
several investigations into the potential inte- 
ractions between microRNAs and IGF-1R. Acc- 
ording to these prior studies, miR-133a and 
miR-122 regulate hepatocellular carcinoma 
growth and sensitivity to the kinase inhibitor 
sorafenib by targeting IGF-1R [17, 18]. There is 
also evidence that miR-7 and miR-320a modu-
late glioma cell proliferation, apoptosis, migra-
tion, invasion, and tumorigenesis [19, 20]. 
Overexpression of miR-150, miR-630, and miR-

497 can also influence pancreatic cancer cell 
proliferation and apoptosis [21, 22]. Finally, we 
have previously shown that miR-223 has an 
important role in several cellular functions, 
across many different cell types, by targeting 
IGF-1R. For example, miR-223 can promote 
mast cell apoptosis and affect degranulation 
[9, 23], induce endothelial cell apoptosis, and 
suppress endometrial carcinoma cell prolifera-
tion by targeting IGF-1R [24, 25].

To further understand the functions of miRNAs 
and IGF-1R during asthma, particularly the role 
of ASMCs and their deposition of the ECM, we 
delivered a miRNA-223 mimics and inhibitors 
into ASMCs to alter their expression of miRNA-
223. We also hypothesized that miR-223 may 
promote the apoptosis or inhibit proliferation  
of ASMCs. To assess this hypothesis, the direct 
effects of miRNA-223 on ASMCs, including 
apoptosis and proliferation, were assessed.  
We also examined potential mechanisms by 
which miR-223 induces a phenotypic switch in 
ASMCs. Our data suggests that miR-223 had 
no effect on apoptosis nor proliferation of 
ASMCs but exerted an inhibitory effect on ECM 
deposition by ASMCs. This suggests that miR-
223 is a promising target for the treatment of 
asthma and airway remodeling.  

Materials and methods

Cell culture and identification

Airway smooth muscle cells (ASMCs) were iso-
lated from Sprague Dawley (SD) rats weighing 
approximately 150 g each (Laboratory Animal 
Center, Nanjing Medical University, Jiangsu, 
China). These were digested with collagenase 
type I and papain at 37°C in a humidified  
atmosphere supplemented with 5% CO2 for 25 
min. They were then treated with Dulbecco’s 
modified Eagle’s medium (DMEM) to terminate 
digestion and centrifuged at 1000 rpm for 5 
min. The supernatant was then removed and 
the remaining pellet further digested with 
0.25% pancreatin at 37°C for 15 min, followed 
by digestion termination and centrifugation as 
previously described. The remaining sediment 
of ASMCs was incubated at 37°C in DMEM  
supplemented with 20% fetal bovine serum 
(FBS; Wisent, Inc., Quebec, Canada) under a 
humidified atmosphere supplemented with 5% 
CO2 for 3 days. After cell passage, ASMCs were 
maintained in DMEM supplemented with 10% 
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FBS. Morphological confirmation of rat ASMCs 
in the primary culture was performed using an 
inverted phase contrast microscope (Olympus, 
Inc., Japan) and α-Actin immunohistochemistry 
(Affinity biosciences Inc., Shanghai, China) was 
used to assess ASMC differentiation.

Transfection

ASMCs were transfected for 24 h using Li- 
pofectamine 2000 (Thermo Fisher Scientific, 
Inc., Waltham, MA, US) one day after seeding 
at. For assessing the effects of miR-223 ov- 
erexpression and inhibition, a miR-223 mimic 
(GenePharma Co., Ltd., Shanghai, China), miR-
223 inhibitor (GenePharma Co., Ltd. , Shanghai, 
China), and their respective negative controls 
(NC; GenePharma Co., Ltd., Shanghai, China) 
were transfected at a final concentration of 50 
nM. At 48 h post-transfection, cells were har-
vested and the total RNA was extracted for 
reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) analysis. Lysates 
were also prepared for western blotting. Finally, 
cell viability and apoptosis assays were per-
formed 48 h after transfection.

RT-qPCR

TRIzol reagent (Invitrogen; Thermo Fisher Sci- 
entific, Inc., Waltham, MA, USA) was used to 
purify total RNA from ASMCs and a TaqMan 
MicroRNA Reverse Transcription Kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) was used to reverse tran-
scribe RNA into cDNA, following the manufac-
turer’s instructions. qPCR was performed using 
an Applied Biosystems 7500 Fast Real-Time 
PCR system (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and a TaqMan MicroRNA 
Assay (Applied Biosystems; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). All qPCR 
reactions used the thermal conditions of an 
amplification step at 95°C for 5 min, then 40 
cycles of 95°C for 10 s, 60°C for 30 s, and 
72°C for 10 s. All reactions were performed in 
triplicate, with a final volume of 20 µL (10 µL 
TaqMan master mix, 1.33 µL cDNA, 1 µL miR-
223/U6RNA probe, and 7.67 µL diethylpyrocar-
bonate). The 2-ΔΔCt method was used to deter-
mine miRNA expression [26], relative to U6RNA 
(Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) as an endogenous control.

Cell viability assay

ASMCs were plated onto 96-well plates at a 
density of 5,000 cells/well. These were then 
transfected with 50 nM miR-223 mimic, miR-
223 inhibitor, or negative controls. At 48 h post-
transfection, Cell Counting Kit-8 (CCK-8; Do- 
jindo Molecular Technologies, Inc., Kumamoto, 
Japan) assays were used to determine cell via-
bility. Briefly, 10 µL CCK-8 solution was added 
to each well and incubated for 1 h in DMEM 
supplemented with 10% FBS. Absorbance at 
450 nm was then measured for each well using 
a microplate reader (DNM-9602; Beijing Pe- 
rlong New Technology Co., Ltd., Beijing, China) 
and OD values calculated based on the results 
of three independent experiments.

Apoptosis assay

ASMCs were seeded onto 6-well plates in 
DMEM supplemented with 10% FBS until cells 
reached 70% confluence. These were then tra- 
nsfected with 50 nM miR-223 mimic, miR-223 
inhibitor, or negative controls using Lipofe- 
ctamine 2000. Forty-eight hours after transfec-
tion, ASMCs were harvested and a FITC Annexin 
V Apoptosis Detection Kit I (BD Biosciences; 
Franklin Lakes, NJ, USA) was used to analyze 
the apoptosis of ASMCs, according to the  
manufacturer’s instructions. PI- and Annexin 
V-positive cells were gated on a BD FACSCalibur 
flow cytometer (BD Biosciences, San Jose, CA, 
USA) to distinguish apoptotic cells and Cell 
Quest Pro software (version 4.01; BD Bio- 
sciences, San Jose, CA, USA) was used to ana-
lyze the distribution of cells. All experiments 
were performed in triplicate. 

Luciferase reporter assay

In order to determine if miR-223 functions by 
targeting IGF-1R, a luciferase reporter assay 
was performed using HEK-293T cells (Shanghai 
Institute of Biochemistry and Cell Biology, 
Chinese Academy of Science, Shanghai, China). 
Cells were co-transfected with a IGF-1R-3’UTR 
fusion vector and either a miR-223 mimic or 
miR-223 inhibitor. Luciferase levels were mea-
sured after 48 h using a Dual-Luciferase Re- 
porter Assay System (Promega Corp., Madison, 
WI, USA), according to the manufacturer’s 
instructions. Results were calculated based on 
data from three independent experiments. 
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der an inverted phase contrast microscope. 
ASMCs were distinguished as cells with spin-
dles and an ovoid nucleus that grew at distinc-
tive rates with peaks and valleys (Figure 1A). 
α-Actin-specific staining was used to immuno-immuno-
histochemically  identify cells that were ASMCs 
or had differentiated into other cells types 
(Figure 1B).

TGF-β1 stimulation lowers the expression of 
miR-223

To determine whether miR-223 expression was 
affected by TGF-β1 stimulation in ASMCs, we 
used RT-qPCR to analyze expression in cells 
exposed to TGF-β1 for 48 h t. As shown in 
Figure 2A, stimulation with TGF-β1 significantly 
decreased miR-223 expression compared to 
control cells (P < 0.05). To further explore the 
role of miR-223 in ASMCs, gain- and loss-of-
function experiments were conducted by trans-
fecting ASMCs with a miR-223 mimic or a miR-
223 inhibitor, and their respective controls. The 
expression of miR-223 increased after trans-
fection with the miR-223 mimic but not with  
the negative control (Figure 2B). Conversely, 
ASMCs showed lower levels of miR-223 after 
transfection with the miR-223 inhibitor and 
there was no change in the negative control. 
Both of these results indicated successful 
transfection (P < 0.05; Figure 2B). 

MiRNA-223 overexpression or inhibition does 
not affect the viability or apoptosis of ASMCs

We next explored the role of miR-223 in AMSCs 
by assessing any effects on cell viability or 
apoptosis. We induced either overexpression or 
inhibition of miR-223 in ASMCs and then inves-
tigated cell viability using a CCK-8 assay. This 

Figure 1. The identification of ASMCs. A. The morphological characteristics 
of cultured cells were observed by under an inverted phase contrast mi-
croscope (×10). B. ASMCs were identified by immunohistochemistry (×20), 
demonstrating.

tween independent groups wi- 
th Student’s t-tests. Results 
are presented as means ± 
SEM and P < 0.05 was used 
as the threshold of statistical 
significance.

Results

Culture and identification of 
rat ASMCs

ASMCs were isolated from SD 
rats. To confirm their pres-
ence, cells were observed un- 

Western blot analysis

ASMCs were seeded onto 6-well plates with 
10% FBS DMEM and transfected after 24 h. 
These were then harvested after reaching 90% 
confluence and washed three times with ice-
cold PBS buffer. Cells were lysed in ice-cold 
radioimmunoprecipitation assay buffer (Bey- 
otime Institute of Biotechnology, Nantong, 
China) and total protein content assessed 
using an enhanced BCA protein assay kit 
(Beyotime Institute of Biotechnology). Equiva- 
lent amounts of protein were then separated 
on 8% or 10% sodium dodecyl sulfate-poly-
acrylamide gels by electrophoresis and trans-
ferred to a nitrocellulose membrane (Merck 
Millipore, Billerica, MA, USA). Membranes were 
blocked with 5% non-fat milk in PBS with Tween 
20 (PBST) for 2 h at room temperature Blots 
were next incubated with anti-COL3A1, anti-
COL1A2 (Bioword Technology, Inc., St Louis 
Park, MN, USA), anti-α-Actin/α-SMA (Affinity 
Biosciences Inc., Shanghai, China), anti-phos-
pho-AKT, anti-AKT (Cell Signaling Technology 
Inc., Danvers, MA, USA), anti-IGF-1R, and anti-
GAPDH (Santa Cruz, Dallas, TX, USA) overnight 
at 4°C. Afterwards, the membranes were 
washed five times with PBST and then incu- 
bated with horseradish peroxidase-conjugat- 
ed goat anti-rabbit or anti-mouse antibodies 
(Zhongshan Golden Bridge Biotechnology Co., 
Ltd., Zhongshan, China) for 2 h at room tem-
perature. Protein bands were detected using a 
Pierce ECL Western Blotting Substrate (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA).

Statistical analysis

SPSS Version 20.0 (IBM, Armonk, NY, USA)  
was used to assess statistical differences be- 
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demonstrated that neither transfection with a 
miR-223 mimic nor miR-223 inhibitor affected 
cell viability within 48 h of transfection when 
compared to the control groups (Figure 3). We 
also used a cytofluorometric apoptosis assay  
to show that the apoptosis of ASMCs was also 
not significantly affected following transfection 
with the miR-223 mimic nor miR-223 inhibitor, 
compared to controls (Figure 4). These data 

pression of α-SMA (ACTA2), type I collagen 
(COL1A2), and type III collagen (COL3A1) pro-
tein in ASMCs by western blot after transfec-
tion. We found the abundances of these three 
proteins were altered post-transfection (Figure 
5). Specifically, α-SMA, type I collagen, and  
type III collagen were all markedly lower in cells 
that had overexpression of miR-223, while  
miR-223 inhibition caused the opposite effect. 
These data indicate that miR-223 may inhibit 
ECM deposition by ASMCs and may serve as a 
possible intervention for this particular asthma 
pathology.

IGF-1R/PI3K-Akt is a signaling pathway down-
stream of miR-223 in ASMCs

An increasing number of studies have shown 
that IGF-1R and miRNAs have a close function-
al relationship [17-22] and our own studies 
have shown that miR-223 acts through the tar-
geting of IGF-1R [9, 23-25]. To further investi-
gate the underlying mechanisms through which 
miR-223 induces ASMC phenotypic switching, 
we assessed whether IGF-1R is the target gene 
for miR-223 in ASMCs and its putative role. To 
this end, the miR-223 mimic, miR-223 inhibitor, 
and negative controls were transfected into 
ASMCs. The levels of IGF-1R protein expression 
were then determined, revealing that the ex- 
pression of IGF-1R was down-regulated in AS- 
MCs after treatment with the miR-223 mimic 
(Figure 6A and 6B).

Figure 2. TGF-β1 stimulation downregulates the expression of miR-223. 
A. The effects of stimulation with TGF-β1 on the expression of miR-223 in 
ASMCs (**P < 0.01; *P < 0.05; n = 6). B. ASMCs were transfected with 
a miR-223 mimic and negative control (NC), and a miR-223 inhibitor and 
NC. miR-223 expression was then assessed. This demonstrated that the 
expression of miR-223 increased after transfection with the miR-223 mimic 
and decreased after transfection with the miR-223 inhibitor. There were no 
changes in the negative controls. Data shown are means ± SD from three 
experiments (**P < 0.01; *P < 0.05; n = 6).

Figure 3. Effect of miR-223 on ASMC viability. Cells 
were transfected with 50 nM miR-223 mimic or 
negative control (NC), and 50 nM miR-223 inhibi-
tor or miR-223 inhibitor NC. Cell viability was then 
assessed 48 h post-transfection using a CCK-8 kit. 
Data are means ± SD from three independent experi-
ments (**P < 0.01; *P < 0.05; n = 5).

suggest that miR-223 does 
not affect cell viability nor 
apoptosis, unlike mast cells.

miRNA-223 inhibits the 
deposition of the extracel-
lular matrix by airway smooth 
muscle cells

As extracellular matrix (ECM) 
proteins have been shown to 
promote non-asthmatic deri- 
ved ASMCs towards a prolifer-
ative phenotype [5]. We next 
determined whether miR-223 
expression affected the depo-
sition of the ECM by ASMCs. 
Cells were transfected with a 
miR-223 mimic, miR-223 in- 
hibitor, or negative controls. 
We then investigated the ex- 
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To further examine whether miR-223 is able to 
directly bind to IGF-1R and inhibit its expres-
sion, a reporter assay was designed that used 
the 3’-UTR of IGF-1R fused to a luciferase 
reporter. As expected, cells transfected with 
the miR-223 mimic showed a decrease in lucif-
erase activity compared to the cells transfect-

ed with NC. Conversely, the miR-223 inhibitor 
enhanced luciferase activity (Figure 6C). This 
suggests that miR-223 directly binds to the 
3’-UTR of the IGF-1R transcript, inhibiting IGF-
1R protein expression. Finally, as PI3K-Akt is 
reported to be a signaling pathway downstream 
of IGF-1, we assessed the potential involve-

Figure 4. Effects of miR-223 on the apoptosis of ASMCs. A. The effects on ASMC apoptosis were determined using 
a cytofluorometric apoptosis kit and subsequent flow cytometry to distinguish PI- and Annexin V-positive cells. This 
showed that apoptosis was not affected by transfection with a miR-223 mimic or miR-223 inhibitor. B. The mean 
proportion of apoptotic cells in each treatment group (both early and late apoptosis cells) from three independent 
experiments. Data are means ± SD (**P < 0.01; * P < 0.05; n = 5). 

Figure 5. Effect of miR-223 on the expression of α-SMA (ACTA2), type I collagen (COL1A2), and type III collagen 
(COL3A1). A. ASMCs were transfected with 50 nM miR-223 mimic, miR-223 inhibitor, and negative controls. At 48 
h post-transfection, western blots were used to detect the protein expression levels of α-SMA, type I collagen, and 
type III collagen. GAPDH was used as a loading control. B. Data were normalized to GAPDH expression and are 
presented as expression relative to untreated cellular controls. Data are means ± SD from three experiments (**P 
< 0.01; *P < 0.05). 
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ment of PI3K-Akt in the miR-223-mediated 
effects on ASMCs. The expression of Akt (AK- 
T1), and of its active form (p-Akt), were mea-
sured after treatment with the miR-223 mimic, 
miR-223 inhibitor, and negative controls. This 
revealed that the expression of p-Akt was sig-
nificantly lower in cells transfected with the 
miR-223 mimic compared to the control group. 
However, the total expression of Akt was unaf-
fected (Figure 7A and 7B). 

Discussion

Although miR-223 has been suggested to play 
a role in apoptosis and proliferation in several 
cell types [9, 24, 25], its role in airway smooth 
muscle cells (ASMCs) remains unknown. Our 
data has demonstrated that miR-223 overex-

pression inhibits the deposition of the ECM by 
ASMCs, one of the more important functions of 
these cells in the airway. ECM proteins can also 
shift non-asthmatic derived ASMCs towards a 
more proliferative phenotype [5]. It is therefore 
likely that the study of ASMCs, and their role in 
the deposition of the ECM, will provide new ave-
nues for the treatment of asthma. Prior studies 
have already shown an important role for  
miR-223 in mast cells, a population that are 
involved in several diseases, such as bronchial 
asthma and chronic skin inflammation [9, 23]. 
We have also demonstrated in the present 
study that the expression of miR-223 was  
lower in ASMCs stimulated with TGF-β1. 

In light of the anti-proliferative and apoptosis-
inducing roles of miR-223 in endothelial cells 

Figure 6. The effects of targeting IGF-1R by miR-223. A. Representative western blots show that overexpression of 
the miR-223 mimic lowered IGF-1R protein levels compared to the controls and inhibitor. GAPDH was used as a load-
ing control. B. Data were normalized to the expression of GAPDH and presented as expression relative to untreated 
cellular controls. C. The 3’-UTR of IGF-1R was fused to a Luciferase reporter and activity was assessed after treat-
ment with the miR-223 mimic, miR-223 inhibitor, or negative controls. Luciferase activity was lower in cells over-
expressing miR-223 compared to controls. Data are means ± SD from three experiments (**P < 0.01; *P < 0.05).

Figure 7. miR-223 inhibits the PI3K/Akt signaling pathway. A. Representative western blots show the levels of p-AKT 
and total AKT (t-AKT) from cells treated with miR-223 mimic, miR-223 inhibitor, or negative controls. GAPDH was 
used as a loading control. Overexpression of miR-223 decreased expression of p-AKT in ASMCs relative to other 
groups. B. Data were normalized to GAPDH expression and presented as expression relative to untreated cellular 
controls. Data are means ± SD from three experiments (**P < 0.01; *P < 0.05).
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and mast cells [9, 24, 25], we hypothesized 
that miR-223 may promote the apoptosis or 
inhibit proliferation of ASMCs. Conversely, our 
results were at odds with this hypothesis and 
ASMCs transfected with a miR-223 mimic or 
inhibitor showed no difference in cell viability or 
apoptosis. This demonstrates that miRNAs can 
have different effects depending on the cell 
type they are expressed in. It is also possible 
that this discrepancy may be due to the fact 
that the miR-223 concentrations used in our 
study (50 nM) were not sufficient to directly 
regulate apoptosis or proliferation and levels of 
miR-223 were only partially decreased. The 
remaining small amount of miR-223 may have 
been enough to prevent ASMCs from undergo-
ing apoptosis or proliferation. However, cells 
transfected with the miR-223 mimic did show 
decreased expression of several key ECM pro-
teins, including α-SMA, type I collagen, and 
type III collagen protein. Cells transfected with 
a miR-223 inhibitor had higher expression of 
these three proteins. This demonstrates that 
the miRNA was able to elicit some effects and 
that the observed decrease in α-SMA, type I 
collagen, and type III collagen expression is  
not due to decreased numbers of ASMCs. 
Finally, IGF-1R and the PI3K/Akt signaling path-
way have also been suggested to be involved  
in the effects of miR-223 [9, 23-25, 27] and we 
have demonstrated that miR-223 overexpres-
sion significantly decreased the expression of 
IGF-1R and p-Akt. 

A further limitation of our study is a lack of in 
vivo data derived from human or animal stud-
ies. Distinguishing expression of miR-223 is 
more often easier between patients with asth-
ma and controls in both humans and animal 
models. Also, to confirm without doubt that IGF-
1R is the target of miR-223 in ASMCs, knocking 
out the gene in ASMCs in vivo and then assess-
ing any changes to the deposition of the ECM 
would be the most convincing experiment. 
Although out of the scope of the current study, 
these are both directions for our future re- 
search.

In conclusion, our study has demonstrated that 
miR-223 exerts an inhibitory effect on the 
deposition of the ECM by ASMCs isolated from 
SD rats. This is likely through targeting IGF-1R, 
subsequently affecting the PI3K/Akt signaling 
pathway. Our work strongly suggests that miR-
223 is a promising target for the future treat-
ment of asthma and airway remodeling.
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