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Asthma is considered as a general term for various 
chronic inflammatory diseases of the respiratory tract. 
Growing evidences have supported that microRNAs were 
involved in mediating cell proliferation, migration, and 
other cellular functions. MiR-149 has been found to take 
part in the development of various cancers. However, 
whether miR-149 participated in the proliferation and 
migration of transforming growth factor beta 1 (TGF-β1)-
induced airway smooth muscle cells was still unknown. 
In this study, the expression level of miR-149 in human 
airway smooth muscle cells (ASMCs) was decreased after 
TGF-β1 treatment in vitro. Additionally, the over-expres-
sion of miR-149 obviously suppressed proliferation and 
migration in human ASMCs. Besides, we found that over-
expression of miR-149 could inhibit the expression of 
transient receptor potential melastatin 7 (TRPM7) both 
in protein and gene levels. Furthermore, we demonstrat-
ed that miR-149 could inhibit the cell proliferation and 
migration in human ASMCs by targeting TRPM7 through 
modulating mitogen-activated protein kinases (MAPKs) 
signaling pathway. Taken together, we strongly sup-
ported that miR-149 might be a key inhibitor of asthma 
by targeting TRMP7. Therefore, our finding suggests a 
promising biomarker for the development of further tar-
geted therapies for asthma.
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INTRODUCTION

Bronchial asthma, commonly known as asthma, is a 
chronic respiratory disease with an increasing incidence 
rate over decades on a global scale (Kim et al., 2018). 
Currently, asthma has been considered as the main 
chronic disease threatening public health in the world. 
However, the pathogenesis of asthma is complex and 
has not been well elucidated. Chronic airway inflamma-
tion, which was demonstrated to be the essence of asth-

ma, is one of the most important mechanisms leading to 
airway hyper-responsiveness in asthma (Chapman & Ir-
vin, 2015). Airway remodeling is also accompanied with 
chronic airway obstruction and asthma (Siddiqui et al., 
2018). The cell types and airway components involved 
in the occurrence and development of airway remodeling 
in asthma are very complex. ASM cells, which acted as 
the contraction effect cells, are directly related to airway 
contracture and airflow limitation. The proliferation and 
migration of ASM cells is an important factor for air-
way remodeling in asthma.  MicroRNA (miRNA), one 
type of short non-coding RNA molecules, is an endog-
enous non coding single stranded microRNA molecule 
with a length of 21-25 nucleotides (Bartel, 2004). Mature 
miRNAs are involved in modulating the cell prolifera-
tion, migration, apoptosis, metabolism and other cellu-
lar responses by directly degrading target gene mRNA 
or inhibiting its translation process to negatively regu-
late gene expression (Gan & Denecke, 2013). In addi-
tion, microRNAs are also closely related to a variety of 
pathological processes such as inflammation, tumor, and 
angiogenesis. Meanwhile, microRNAs also participate 
in the occurrence of various system diseases including 
respiratory, digestive, nervous and urinary system (Lou 
et al., 2017). At present,  the regulatory role of miRNA 
in asthma and airway remodeling has been revealed in 
several literatures (Weidner et al., 2019). However, there 
is no study to point out its specific role and potential 
mechanism (Hu et al., 2017). Therefore, it is a promis-
ing strategy to explore the function and mechanism of  
miRNAs to gain insight into the pathogenesis of asthma 
and to develop new biomarkers for the diagnosis and 
treatment of asthma.

The family of proteins with transient receptor poten-
tial (TRP) that are located in numerous cell membranes 
contains TRPM (melastatin), TRPV (vanilloid), TRPC 
(canonical), TRPP (polycystin), TRPML (mucolipin) 
and TRPA (subfamily A), is responsible for many cel-
lular functions (Fleig & Penner, 2004). Among them, the 
transient receptor potential melastatin 7 (TRPM7) has 
ion channel and kinase activities (Faouzi et al., 2017). It 
has been reported that TRPM7 was expressed in a va-
riety of cancers (melanoma, human head and neck can-
cer, breast cancer, gastric cancer, etc.) and plays pivotal 
roles in regulating cell survival, apoptosis and cell cycle 
progression (Yee, 2017). It has also been demonstrated 
that the binding of TRPM7 to miR-28-5p resulted in the 
suppression of cell proliferation, migration and invasion 
in glioma cells (Wan et al., 2019). In addition, miR-543/
TRPM7 axis is also involved in the initiation and pro-
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gression of cervical cancer (Liu et al., 2019). Similarly, 
miR-129-3p is reported to directly target to TRPM7 and 
act as a negative regulator for TRPM7 expression in a 
renal cell clear cell carcinoma (Zhao et al., 2018). Al-
though various studies have supported the importance of 
the interaction of TRPM7 and miRNA in cell prolifera-
tion, migration, and other cellular functions, whether the 
binding between TRPM7 and miR-149 plays an impor-
tant role in the progression of asthma is still unknown. 
Transforming growth factor β1 (TGF-β1) has been (Oji-
aku et al., 2017) proved to stimulate the cell proliferation 
of ASMCs in vitro.

In this study, we aimed to explore whether the inter-
action between TRPM7 and miR-149 contributed to the 
proliferation and migration of human ASMCs induced 
by TGF-β1. At the same time, this study also attempt-
ed to clarify the possible relationship between TRPM7 
and miR-149. Our results manifested that the expres-
sion of miR-149 in human ASMCs was decreased after 
TGF-β1 treatment. MiR-149 was involved in the regu-
lation of proliferation and migration of human ASMCs. 
TRPM7 was a promising target gene of miR-149 in hu-
man ASMCs. Additionally, TRPM7 knockdown could in-
hibit the proliferation of human ASMCs, indicating that 
TRPM7 played an important regulatory role in airway 
remodeling. Therefore, we proved that miR-149 overex-
pression down-regulated the proliferation and migration 
of human ASMCs after TGF-β1 pre-treatment by target-
ing TRPM7 in vitro.

MATERIALS AND METHODS

Experimental reagents. The experimental reagents 
were all purchased commercially. TGF-β1, RIPA buffer 
and the experimental antibodies against TRPM7, β-actin, 
p-AKT, AKT, p-JNK, JNK, p-p38, p38, p-ERK1/2, 
ERK1/2 and GAPDH were purchased from Thermo 
Fisher Scientific, USA. The cell culture materials and fe-
tal bovine serum (FBS) were obtained from Gibco Life 
Technologies (Grand Island, NY). 3-(4,5-Dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was 
purchased from Chemicon (Temecula, CA, USA).

Cell culture. The cell line of ASMCs was purchased 
from ATCC (Manassas, VA, USA). Human ASMC cells 
were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) (Gibco, Rockville, MD, USA) containing 10% 
FBS (Gibico, NY, USA Bio-Rad, CA, USA) and 1% 
penicillin (100 μg/mL) / streptomycin (100 U/mL) at 
37°C in an incubator with 5% CO2.

Cell proliferation assay. Cell proliferation was con-
ducted by MTT assay according to the standard proto-
col. MTT was purchased from Roche (Basel, Switzer-
land). Human ASMC cells were plated in a 96-well plate 
(5×103 cells per well) and incubated with TGF-β1 (1, 5 
or 10 ng/mL). After co-incubation for 24h or 48h each 
well was added with 20 µL of 5 mg/mL MTT in PBS 
and co-incubated for another 4 h under 37°C in 5% 
CO2. Then 150 μL DMSO was added to dissolve the 
formazan crystals. Viable cells were counted by measur-
ing the OD (optical density) value using microreader at 
a wavelength of 450 nm. Triple detection was performed 
in all experiments and average results were used to draw 
the growth curves.

RNA extraction and real-time quantitative reverse 
transcription-polymerase chain reaction RT-qPCR 
(RT-qPCR). Total RNAs were extracted from cultured 
human ASMCs by using Trizol reagent (Thermo Fisher 
Scientific, USA) then converted into cDNA using the 

RevertAid RT Reverse Transcription kit (Thermo Fisher 
Scientific, USA), which was performed according to the 
manufacturer’s instructions. mRNA quantification was 
detected by RT-qPCR by using the RT-PCR kit (Takara 
Bio, Inc., Otsu, Japan) according to the standard proto-
cols and GAPDH was used as the control gene. The rel-
ative primer sequences were prepared (Sangon, Shanghai, 
China) as follows:
–MiR-149-forward: 5’-GGCTCTGGCTCCGTGTCTT 

-3’ and miR-149-reverse: 5’-CAGTGCAGGGTC-
CGAGGTATT-3’.

–TRPM7-forward: 5’-AGTAATTCAACCTGCCTCAA-3’ 
and TRPM7-reverse: 5’-ATGGGTATCTCTTCTGT-
TATGTT-3’.

–U6-forward: 5’-CAAATTCGTGAAGCGTTCCATA-3’ 
and U6-reverse: 5’-AGTGCAGGGTCCGAGG-
TATTC-3’. 
Each experiment was repeated three times. The fold-

change for mRNA in tested samples relative to U6 was 
determined by the formula: 2-ΔΔCt.

Cell transfection. MiR-149 mimic, negative control 
(NC mimic), miR-149 inhibitor (miR-149 inhibitor) and 
matched negative control (NC inhibitor) were synthe-
sized by Shanghai Gena Pharma Corporation (Shang-
hai, China). Genomic DNA fragments of TRPM7 were 
prepared by the amplification of genomic DNA, cloned 
onto the pcDNA3.1-Luc reporter vector and verified 
by sequencing. The TRPM7 coding sequence was ob-
tained by polymerase chain reaction (PCR) and cloned 
into the pcDNA3.1(+) plasmid. cDNA3.1-TRPM7 plas-
mid was constructed in our lab by inserting the ORF 
(open reading frame) of TRPM7 into a pcDNA3.1 
plasmid. The shRNA sequences targeting TRPM7 gene 
are #1: 5’-GCATAAATTCCTTAC CATTC-3’ and #2: 
5’-GCAAATGGAGTTACCCAAAC-3’, which were syn-
thesized by GenePharma in Shanghai, China. All the 
transfection processes in this study were performed by 
Lipofectamine 2000 reagents (Invitrogen, Carlsbad, CA, 
U.S.A.) according to standard instructions.

Cell migration assay. Cell migration was estimated 
by transwell analysis, which was performed after cells 
were re-suspended (1×105 cells per mL) in serum-free 
cell medium. Human ASMCs were co-incubated with 
TGF-β1(10 ng/mL). After incubation at 37°C for 48  h, 
the membranes were removed. At the same time, the 
human ASMCs on the upper side were scraped off. Fi-
nally, cells that migrated to the lower side of the mem-
brane were fixed with 4% polyoxymethylene and stained 
with crystal violet. After drying, five visual fields were 
randomized under a light microscope to calculate the 
number of cells.

Luciferase reporter assay. To investigate the molec-
ular interaction between miR-149 and TRPM7, luciferase 
reporter assay was performed in HEK-293T cells. The 
pmirGLO-TRPM7-3′UTR wild type (TRPM7 3′UTR-
WT) and pmirGLO-TRPM7-3′UTR mutant (TRPM7 
3′UTR-MUT) were designed and purchased from Sangon 
(Shanghai, China). HEK-293T cells were planted in 12-
well plates with an amount of 1.5×105 per well. Then, 
30 nM miR-149 mimic or miR-NC was co-transfected 
with 300 ng plasmid (TRPM7 3′UTR-WT or TRPM7 
3′UTR-MUT) into HEK-293T cells by using transfection 
reagent Lipofectamine 2000 (Invitrogen) according to 
the standard protocol. After 24 h transfection, the rela-
tive luciferase activity was assessed with Dual- Luciferase 
Reporter Assay System (Promega, Madison, WI, USA).

Western blot analysis. Total proteins from the hu-
man ASMCs were lysed and extracted by RIPA Buffer 
(9800, Cell Signaling, Danvers, MA). The collected pro-
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tein samples were then separated by SDS-PAGE gel 
electrophoresis. Subsequently, the gel was transferred 
to a polyvinylidene difluoride (PVDF) membrane and 
blocked with 5% milk for 1 h at room temperature. 
Then, the PVDF membranes were incubated overnight 
with anti-TRPM7 antibody, anti-β-actin antibody, anti-
p-AKT/AKT antibodies, anti-p-JNK or JNK antibod-
ies, anti-p-p38 or p38 antibodies, anti-p-ERK1/2 or 
ERK1/2 antibodies (Thermo Fisher Scientific, USA) 
at4°C. After washed by TBS-T solution for 3–5 times, 
the membranes were co-incubated with HRP-conjugated 
secondary antibody for 1h at room temperature. Finally, 
the ECL detection reagents were used to detect the visu-
alized immunocomplexes. Image Pro software was used 
to calculate the intensity of each blot.

Statistical analysis. All the experiments that performed 
in this project were repeated at least three times. The 
data was calculated using means and standard deviations. 
The software of SPSS 19.0 was used to analyze the data. 
ANOVA or t-test was applied to assess the significance 
(p<0.05). Dunnett multiple comparison was used to test 
the difference between different groups. p<0.05 denotes 
statistically significant difference. *indicates p<0.05, **indi-
cates p<0.01 and ***indicates p<0.001.

RESULTS

MiR-149 was down-regulated in human ASMCs after 
TGF-β1 treatment

In this study, the correlation between miR-149 expres-
sion and the TGF-β1 treatment were investigated in hu-
man ASMCs (airway smooth muscle cells) in vitro. Firstly, 
MTT assay was conducted to determine the cell prolif-
eration of human ASMCs after TGF-β1 treatment with 
various concentrations (1, 5 and 10 ng/mL) for 24  h 
and 48 h, respectively. We found that human ASMCs 
treated with TGF-β1 had a higher proliferation rate 
compared with control group. Moreover, the cell prolif-
eration rate in TGF-β1 group treated for 48h was higher 
than that in 24 h treatment group, which demonstrated 
a time-dependent increase (Fig. 1A). In addition, the 
expression of miR-149 was also analyzed by RT-qPCR. 
The results showed that miR-149 expression was sig-
nificantly down-regulated in human ASMCs treated with 
TGF-β1.The expression level of miR-149 was negatively 
correlated with the TGF-β1 concentration and the du-
ration of stimulation (Fig. 1B). These results manifested 

that TGF-β1 can promote cell proliferation and reduce 
the expression of miR-149 in human ASMCs.

MiR-149 regulated proliferation and migration of 
human ASMCs induced by TGF-β1 in vitro

To investigate the effect of miR-149 on proliferation 
and migration in human ASMCs, cells that stably trans-
fected with miR-149 mimic/inhibitor were constructed 
and verified by RT-qPCRRT-qPCR (Fig. 2A). The effect 
of miR-149 on the cell proliferation and cell migration 
in human ASMCs after TGF-β1 treatment was detected 
by MTT assay and transwell assay, respectively (Fig. 2A 
and Fig. 2B). The experimental data showed that TGF-β1 
treatment could increase the cell proliferation rate and the 
number of migrated human ASMCs compared with un-
treated group (p<0.01). Furthermore, based on TGF-β1 
treatment, the rate of cell proliferation and the number of 
migrating cells in miR-149 inhibitor-transfected cells was 
markedly increased (p<0.01). While the miR-149 mimic-
transfected cells showed the contrary results.  In conclu-
sion, the above results showed that miR-149 inhibited the 
proliferation and migration of human ASMCs.

TRPM7 is the target gene of miR-149 in human ASMCs

On the basis of bioinformatics predication with Tar-
getscan (http://www.targetscan.org), TRPM7 gene was 
found to be the potential gene of miR-149 (Fig. 3A). 
Then, luciferase reporter assay was conducted to deter-
mine the binding affinity of miR-149 to the wild-type of 
TRPM7 3’UTR in HEK-293T cells. The data indicated 
that the luciferase activity in miR-149 mimic-transfected 
HEK-293T cells was decreased significantly. But the over-
expression of miR-149 cannot affect the luciferase activ-
ity of mutant TRPM7 3’UTR (Fig. 3B). Therefore, we 
suggested that the wild-type of TRPM7 3’UTR (TRPM7 
3’UTR-wt) was the potential target gene of miR-149. To 
investigate how the miR-149 modulated the expression 
of TRPM7, RT-qPCR and western blot were conducted 
to analyze the relative mRNA expression and  protein of 
TRPM7 in human ASMCs transfected with NC inhibi-
tor/miR-149 inhibitor/NC mimic/miR-149 mimic. The 
results revealed that miR-149 mimic transfection group 
significantly decreased the mRNA and protein expression 
of TRPM7 in human ASMCs. While miR-149 inhibitor-
transfected group remarkably increased the expression of 
TRPM7 (Fig. 3C and Fig.  3D) RT-qPCR. Thus our re-
sults demonstrated that miR-149 regulated the expression 
of TRPM7 via a negative pattern.

Figure 1. The expression of miR-149 in human ASMCs was decreased after TGF-β1 treatment. 
(A) MTT assay determined the cell proliferation of human ASMCs after TGF-β1 treatment with different concentration (1, 5, and 10 ng/
mL) for 24 h and 48 h. (B) RT-qPCR analyzed the expression difference of miR-149 in ASMCs after TGF-β1 treatment with different con-
centration (1, 5, and 10 ng/mL) for 24h and 48h. All of the above results are presented as mean ± S.D., *p<0.05, **p<0.01 and ##p<0.01.

http://www.targetscan.org
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Knockdown of TRPM7 inhibits the activation of MAPKs 
pathway in vitro

Human ASMCs transfected with shTRPM7#1 and sh-
TRPM7#2 were used to explore the effects of TRPM7 
on the activation of MAPK and AKT pathways. Western 
blot assay was conducted to analyze the expression dif-
ference of related protein (p-ERK1/2/ERK1/2, p-p38/
p38, p-JNK/JNK, p-AKT/AKT) levels in MAPK and 
AKT pathways in human ASMCs. The data showed that 
there was a significant down-regulation of phosphoryl-
ated proteins such as p-ERK1/2, p-p38 and p-JNK in 
human ASMCs that were transfected with hTRPM7#1 
and hTRPM7#2. While the expression level of p-AKT 

was not affected after knockdown of TRPM7 in human 
ASMCs. Therefore, we believed that TRPM7 played a 
key role in regulating the MAPK signaling pathway, and a 
knockdown of TRPM7 would significantly inhibit the acti-
vation of MAPK pathway in vitro (Fig. 4).

The interaction of miR-149 and TRPM7 affects the 
proliferation and migration induced by TGF-β1in 
human ASMCs

Previous studies have reported that TRPM7 were in-
volved in the airway smooth muscle cell proliferation in-
duced by TGF-β1. Besides, miR-149 increased the risk 
of asthma in Chinese children (Hu et al., 2017)and in-

Figure 2. MiR-149 regulates proliferation and migration of human ASMCs induced by TGF-β1 in vitro. 
(A) RT-qPCR analyzed the relative expression levels of miR-149 in human ASMCs cells transfected with NC inhibitor/miR-149 inhibitor/NC 
mimic/miR-149 mimic. (B) MTT assay detected the cell proliferation of human ASMCs transfected with NC inhibitor/ miR-149 inhibitor/ 
NC mimic/miR-149 mimic after TGF-β1 treatment for 48 h. (C) Transwell assay detected the cell migration of human ASMCs transfected 
with NC inhibitor/miR-149 inhibitor/NC mimic/ miR-149 mimic after TGF-β1 treatment for 48 h. Results are presented as mean ± S.D. All 
of the above results are presented as mean ± S.D., *p<0.05, **p<0.01, ##p<0.01 and &&p<0.01.
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hibited cell proliferation and migration through MAPK 
pathway in various cancers (He et al., 2018; Zhi et al., 
2018). Thus, we further explored whether miR-149 act-
ed as a suppressor in MAPK pathway through targeting 
TRPM7 in asthma. The results of both MTT and tran-
swell assays indicated that miR-149 could significantly 
inhibit proliferation and migration in human ASMCs 
after TGF-β1 treatment, which could be reversed by 
transfecting cells with constructed TRPM7 overexpres-
sion plasmid (Fig.  5A, B). Western blot analysis also re-
vealed a significant down-regulation of phosphorylated 
proteins such as p-ERK1/2, p-p38 and p-JNK in hu-
man ASMCs that were transfected with miR-149 mimics, 
which was recovered by TRPM7 overexpression. Moreo-
ver, an astonishing up-regulation of phosphorylated pro-
teins such as p-ERK1/2, p-p38 and p-JNK in human 
ASMCs that had been transfected with TRPM7 was ob-
served (Fig.  5C). We thus considered that miR-149 sup-
pressed the MAPKs pathway through targeting TRPM7 
in human ASMCs. In summary, we found that miR-149 

suppressed the proliferation and migration of human 
ASMCs by targeting TRPM7 via regulating MAPKs path-
way in vitro.

DISCUSSION

As a common chronic disease affecting the airways of 
the lungs and posing a serious threat to human health, 
asthma is characterized by remodeling of the airways, in-
flammatory reactions and hyperresponsiveness (Holgate, 
2008). Although traditional therapies have made great 
progress, the lack of accurate biomarkers hinders the 
treatment of asthma (Tiotiu, 2018). Therefore, in order 
to treat asthma more effectively, people still need to fur-
ther understand its pathogenesis to find effective thera-
peutic targets.

To date, many studies have shown that miRNAs play 
an important role in proliferation and migration of vari-
ous diseases such as human malignancies (Benfey, 2003), 
asthma (Heffler et al., 2017), liver fibrosis (Schueller et 

Figure 3. TRPM7 is the direct target of miR-149.
(A) In this diagram, the sequences of miR-149 binding sites complemented with TRPM7 3’-UTR (625-631). TRPM7 3’-UTR-wt represents 
the entire 3’UTR sequences of wild-type TRPM7, TRPM7 3’-UTR-mut represented the binding sites were mutated. (B) Luciferase reporter 
assays was performed in human ASMCs cells to detect the binding affinity of miR-149 to the TRPM7 3’UTR-wt or mut. (C) RT-qPCR ana-
lyzed the relative TRPM7 mRNA expression levels in human ASMCs cells transfected with NC inhibitor/miR-149 inhibitor/NC mimic/miR-
149 mimic. (D) Western blot analyzed the overexpression or inhibition of miR-149 in human ASMCs cells affected the TRPM7 protein 
levels. All of the above results are presented as mean ± S.D., *p<0.05, **p<0.01 and ##p<0.01.
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Figure 4. Knockdown of TRPM7 inhibits the activation of MAPKs pathway in vitro. 
Western blot analyzed the expression difference of related protein (p-ERK1/2/ERK1/2, p-p38/p38, p-JNK/JNK, p-AKT/AKT) levels in MAPKs 
pathway in human ASMCs. All of the above results are presented as mean ± S.D., **p<0.01.

Figure 5. Effects of overexpressed miR-149 and TRPM7 on the proliferation and migration of human ASMCs induced by TGF-β1 in 
vitro. 
MTT assay (A) and Transwell assay (B) were used to evaluate the proliferation and migration of human ASMCs transfected with NC 
mimic+vector/miR-149+vector/NC mimic+TRPM7/miR-149 +TRPM7 after TGF-β1 treatment. (C) Western blot analyzed the expression dif-
ference of related protein (p-ERK1/2/ ERK1/2, p-p38/p38, p-JNK/JNK) levels of MAPKs pathway in human ASMCs that separately trans-
fected with NC mimic+vector/miR-149+vector/NC mimic+TRPM7/miR-149 +TRPM7 after TGF-β1 treatment for 48h. Results are presented 
as mean ± S.D. p values that less than 0.05 indicated statistical significance with representation *p<0.05, **p<0.01 and ***p<0.001.
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al., 2018)and so on. Previous studies have showed that 
miR-26a (Mohamed et al., 2010) and miR-150 (Perry 
et al., 2014) were up-regulated in people with asthma.  
MiR-149, a widely studied miRNA which has been 
shown to be involved in regulating cell proliferation and 
migration among different human diseases (He et al., 
2018), attracted our attention. Multiple studies shown 
that the abnormal expression of miR-149 is involved 
in the regulation of tumor progression in gastric can-
cer (Wang et al., 2012) and breast cancer (Bischoff et al., 
2014). Additionally, miR-149 has been found to be in-
volved in suppressing the differentiation of bone mar-
row-derived mesenchymal stem cells (BMSCs) (Li et al., 
2019). MiR-149 reduced the inflammatory response in 
osteoarthritis by inhibiting the activation of downstream 
signaling pathway (Chen et al., 2018). However, the key 
role of miR-149 in the growth of human ASMCs was 
still unclear. In this study, we found for the first time 
that overexpression of miR-149 inhibited the growth of 
human ASMCs that were treated with TGF-β1 in vitro. 
The molecular pathogenesis of miRNAs in the regulation 
of cancer metastasis is quite different. Several studies 
have found that miR-149 could down-regulate the tumor 
cell growth and migration by interacting with FOXM1 
(Wang et al., 2012), PPM1F (Luo et al., 2015), EphB3 
(Zhang et al., 2017), and GIT1 (Chan et al., 2014). Mul-
tiple evidences documented that miR-149 regulated the 
growth and invasion of cancer cells by targeting different 
downstream genes via different signaling pathways (He et 
al., 2018; Zhi et al., 2018; Mao et al., 2019). However, the 
precise molecular pathogenesis of miR-149, as well as its 
direct target in asthma, remains unclear.

In this study, the results of RT-qPCR and western 
blot exhibited that the gene and protein expression levels 
of miR-149 were decreased in TGF-β1 induced human 
ASMCs. Therefore, we assumed that the overexpression 
of miR-149 could inhibit the cell growth. MiR-149 over-
expression was found to inhibit the cell growth and the 
cell migration in MTT and transwell assays, which could 
be reversed by downregulating the miR-149 expression. 
These results further verified the suppressive effects of 
miR-149 on cell proliferation and migration in human 
ASMCs treated with TGF-β1.

TRPM7, a non-selective cation channel, is widely 
found in a variety of cancers and plays a key role in 
regulating cell survival, proliferation and invasion, as 
well as mediating different signaling pathways such as 
MAPK, ERK and PI3K (Gautier et al., 2016). Simultane-
ously, TRPM7 is found to be regulated by multiple miR-
NAs, thus affecting the cell proliferation and migration. 
For example, it was reposted that the overexpression of  
miR-543 (Liu et al., 2019) and miR-28-5p (Wan et al., 
2019) inhibited the proliferation and migration by direct-
ly targeting TRMP7.

In this study, miR-149 was demonstrated to directly 
bind to the 3’UTR of a wild-type TRPM7. Furthermore, 
the overexpression of miR-149 could effectively inhibit 
TRPM7 expression in human ASMCs in vitro, which is 
consistent with the previous results. The overexpres-
sion or inhibition of miR-149 resulted in a decrease or 
an increase of TRPM7 expression. We thus believed 
that TRPM7 was a directly downstream target gene for  
miR-149.

Notably, other studies have reported that miRNAs 
directly targeted TRPM7 via suppressing the phospho-
rylation of MAPK pathway to inhibit tumor cells pro-
liferation and migration (Meng et al., 2013; Chen et al., 
2015). At present, our study also demonstrated the same 
mechanism for miR-149.

In conclusion, we found that miR-149 could sup-
press proliferation and migration in human ASMCs in 
vitro. Further studies revealed that miR-149 suppressed 
the cell proliferation and migration by targeting TRPM7 
via MAPKs pathway. Taken together, this study strong-
ly suggested that miR-149 might be an important bio-
marker for understanding the molecular pathogenesis of 
asthma, that could make an important contribution to 
the further development of novel therapies for asthma 
in the future.
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