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A B S T R A C T

Background: TRPM7 in mast cells plays a key role in asthma. However, the effect of TRPM7 on TGF-β1-induced
airway smooth muscle cell (ASMC) proliferation remains unclear. Therefore, we designed this study to explore
whether TRPM7 is involved in TGF-β1-induced ASMC proliferation.
Methods: An asthmatic mouse model was established, and the expressions of TGF-β1 and TRPM7 in mice lungs
were detected using enzyme-linked immunosorbent assay (ELISA) and western blotting. In addition, murine
ASMCs were cultured and stimulated with TGF-β1. Possible TGF-β1 and TRPM7 interactions were examined
using RT-PCR and western blotting analyses with ASMCs. The effect of TRPM7 knockdown on ASMC calcium
influx was assessed by the fluorescent indicator indo-1. MTT and flow cytometry were applied to evaluate the
effects of TRPM7 knockdown on ASMC proliferation and apoptosis.
Results: TGF-β1 elevated the expression of TRPM7 via TGFβR/SMAD3. Knocking down TRPM7 decreased the
intracellular Ca2+ concentration and cellular proliferation of ASMCs, although apoptosis remained unaffected.
Conclusions: Our initial findings suggest that TRPM7 inhibition may prevent asthma-induced airway remodeling.

1. Introduction

Asthma is a chronic airway inflammatory of the airways involving
different cells and cytokines. The chronic inflammation may lead to
structural changes in the airways, called airway remodeling (Kim et al.,
2018). In the pathophysiology of asthma, airway smooth muscle is a
crucial factor for the progression of airway remodeling (Siddiqui et al.,
2018).

The cytokine transforming growth factor β1 (TGF-β1) has been re-
ported to play an important role in severe asthma (Ojiaku et al., 2017;
Chen et al., 2011). In vitro, TGF-β1 stimulates the proliferation and
migration of smooth muscle cells (Pan et al., 2018). It induces the
proliferation of cultured airway smooth muscle cells (ASMCs) (Chen
et al., 2017a).

The TGFβ receptor (TGFβR) is critical for TGF-β1 signaling and its
biological actions. SMADs are a superfamily of signal transduction
molecules that can transmit signals from the cell surface receptors to

the nucleus directly (Chen et al., 2016). TGF-β1 is shown to modulate
intracellular SMAD proteins through transmembrane Ser-Thr kinase
receptors. Among the SMAD proteins, SMAD3 plays an essential role in
the TGF-β1/TGFβR/SMAD signaling pathway.

The transient receptor potential melastatin 7 (TRPM7) has ion
channel and kinase activities (Faouzi et al., 2017). It permeates Ca2+,
Mg2+, and some trace metal ions, suggesting a possible function in
calcium ion (Ca2+) influx (Gotru et al., 2018). Investigations have re-
ported a role of TRPM7 in cell survival, apoptosis, proliferation and cell
cycle progression (Huang et al., 2017; Yang et al., 2017; Beesetty et al.,
2018). We have previously reported the upregulation of TRPM7 in
asthmatic mice, in which it is known to regulate Ca2+ entry (Ng et al.,
2012).

It is reported that Ca2+ is an intracellular messenger in the TGF-β1
activation process (Alevizopoulos et al., 1997; Ishiyama et al., 1996). In
NIH3T3 cells, TGF-β1 stimulates Ca2+entry and elevates the in-
tracellular Ca2+ concentration [Ca2+]i, which contributes to the CTF-1
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transcriptional activity induction. TGF-β1 increases the level of [Ca2+]i
which is largely dependent on Ca2+influx in MIN6 insulinoma cells.
However, the effects of TRPM7 and the relationship between TRPM7
and Ca2+ influx in TGF-β1/TGFβR/SMAD3 signaling are still unclear.

We aimed to investigate whether TRPM7 is involved in ASMC
proliferation induced by TGF-β1 and elucidate the possible relationship
between TRPM7 and Ca2+ influx.

2. Material and methods

2.1. Animals

Adult 6- to 8-week-old BALB/c adult female mice were obtained
from the Center of Experiment Animal of Sun Yat-sen University
(Certificate of Conformity: Guangdong Experimental Animal Testing by
certificate No. SCXK ( ) 2017-0029). We conducted all the experiments
were performed as previously described (Chen et al., 2017a) in ac-
cordance with the regulations of the Center of Animal Experiments of
Sun Yat-sen University. Ethical approval for this investigation was ob-
tained from the Research Ethics Committee, Sun Yat-sen University.

2.2. Reagents

Chicken egg OVA (grade V, A5503) and antibodies against TRPM7
were purchased from Sigma (St Louis, MO), and specific inhibitor of

SMAD3 (SIS3) and specific blocker of TGF-β receptor (LY2109761)
were purchased from MedChemExpress (New Jersey, USA). Aluminum
hydroxide was purchased from the Guangzhou Chemical Reagent
Factory (China). CHO-derived recombinant human TGF-β1 and TGF-β1
ELISA-kit were purchased from R&D Systems (Minneapolis, MN), and
the Annexin V-FITC/PI Apoptosis Detection Kit and Lipofectamine 2000
reagent were obtained from Invitrogen (Carlsbad, CA). ECL reagent kit
was purchased from Millipore (Boston, MA, USA) and MTT from
Chemicon (Temecula, CA, USA).

2.3. Sensitization and antigen challenge

Fifty female BABL/c mice were randomly divided into five groups,
each group comprising 10 mice as described (Chen et al., 2017a).

The control group comprised NS sensitization/challenge mice
treated with saline (200 μl) on days 0 and 14. Seven days after the last
sensitization, the mice were exposed to saline aerosol for up to 30min,
three times a week, for 8 weeks.

The treatment groups comprised asthmatic mice: group 0W (OVA
sensitization/0 weeks OVA challenge), group 2W (OVA sensitization/2
weeks OVA challenge), group 4W (OVA sensitization/4 weeks OVA
challenge), group 8W (OVA sensitization/8 weeks OVA challenge). The
asthmatic mice were sensitized with intraperitoneal injections of 10-μg
OVA emulsified in 1-mg of aluminum hydroxide in a total volume of
200 μl on days 0 and 14. Seven days after the last sensitization, the mice
were exposed to ovalbumin aerosol (2.5% w/v diluted in sterile phy-
siological saline) for up to 30min, three times a week, for 2 (group
2W), 4 (group 4W), 8 (group 8W) weeks. The aerosol (particle size
ranging from 2.0 to 6.0 μm) was generated by a nebulizer (Ultrasonic
nebulizer boy037G6000, Pari, Germeny) driven by filling a perspex
cylinder chamber (diameter, 50 cm; height, 50 cm) with a nebulized
solution.

2.4. Lung histology

Twenty-four hours after the last challenge, the mice were sacrificed
by cervical dislocation. Both the lungs from each mouse were removed
for histologic examination, as previously described (Chen et al., 2017a).
Briefly, the left lung tissues were fixed with 10% neutral buffered for-
malin, and the specimens were rehydrated and embedded in paraffin.
Small (5 μm) sections of the fixed embedded tissues were cut using a

rotary microtome, and the sliced sections were placed on glass slides,
before deparaffinizing and staining them sequentially with hematoxylin
and eosin. Semi-quantitative determinations based on the im-
munohistochemical staining (streptavidin-peroxidase, SP) were used to
detect TRPM7 levels in the lung tissue, as described elsewhere (Chen
et al., 2017a).

2.5. Measurement of TGF-β1 level in BALF

Twenty-four hours after the last challenge, bronchoalveolar lavage
fluid (BALF) was obtained from the mice under anaesthesia using 1ml
sterile isotonic saline, as previously described (Chen et al., 2011). La-
vage was performed four times for each mouse and the total volume
was collected. The volume of fluid collected in each mouse ranged from
3.0 to 3.5 ml. The lavage fluid was centrifuged at 3000 rpm at 4℃ for
10min. TGF-β1 concentrations in the BALF were then measured using
an ELISA-kit according to the protocol offered by manufacturer’s in-
structions.

2.6. Cell Culture and treatment

The ASMCs were derived from OVA-sensitized mice. ASMCs were
prepared by the explant method from trachea and bronchi of BALB/c
mice, as described elsewhere (Chen et al., 2017a). Briefly, tracheas and
bronchi were dissected and incubated in Hanks’ balanced salt solution
(HBSS) with 0.1% collagenase solution (Sigma Chemical Co., St. Louis,
MO) at 37℃ for 20min. The tissues were cut into 0.5-mm3 sections, and
then placed in a DMEM medium containing 20% fetal bovine serum
(FBS), 100 U/mL penicillin, 100mg/mL streptomycin in a 5% CO2 in-
cubator at 37℃. ASMCs were identified by the typical “hill and valley”
growth patterns and by immunocytochemistry staining for α-smooth
muscle actin. ASMCs were then cultured in a DMEM medium supple-
mented with penicillin, streptomycin (as mentioned above), and 10%
FBS. The culture medium was changed every 2 days. Confluent cells at
passage numbers 3–4 were used for the experiments.

The cells were treated with NC, TGF-β1 (0, 0.1, 1, 5 and 10 ng/mL),
LY2109761 (5 μM) + TGF-β1 (10 ng/ mL), SIS3 (10 μM) + TGF-β1
(10 ng/ml), and shTRPM7 + TGF-β1 (10 ng/ mL) after serum-free
starvation of AMSCs for 12 h.

2.7. SiRNA transfections

ShTRPM7 was transfected into ASMCs as detailed elsewhere
(Penner and Fleig, 2007). SiRNA oligonucleotides against TRPM7 genes
or scrambled sequences were designed and synthesized by the Shanghai
Gena Pharma Corporation (Shanghai, China) and contained the fol-
lowing sequences: TRPM7 siRNA (sense: 5′-GGCACCUUUAUAUCAUU
AATT-3′; antisense: 5′-UUAAUGAUAUAAAGGUGCCTT-3′); si-control
with scrambled sequence: (sense: 5′-UUCUCCGAACGUGUCACGUTT-3′
; antisense: 5′-CGUGACACGUUCGGAGAATT-3′). ASMCs were cultured
(1×105 cells) in 6-well plates with antibiotic-free DMEM for 24 h and
then subjected to transfection with siRNA using Lipofectamine™ 2000
(Invitrogen, USA) according to the manufacturer’s protocol. The
knockdown efficiency was determined by real-time PCR and western
blot analyses. Three independent transfection experiments were com-
pleted.

2.8. Real-time reverse transcription PCR

Total RNA was isolated from ASMCs using TRIzol reagent
(Invitrogen, USA). cDNA was synthesized from total RNA using the
Thermoscript RT-PCR synthesis kit (Fermentas, Canada) according to
the manufacturer’s instructions. Real-time PCR was performed under
standard protocols as detailed elsewhere (Chen et al., 2017a), using β-
actin (forward: 5′- GGCTGTATTCCCCTCCATCG -3′; reverse: 5′- CCAG
TTGGTAACAATGCCATG -3′) and TRPM7 (forward: 5′- TCCTGTGACA
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TGGTTTTTGG -3′; reverse: 5′- CAGGCGTGTAGTCATTCCTCT -3′) as
primers. Real-time PCR conditions were as follows: 1 cycle at 95℃for
1min 1cycle, and 40 cycles of amplification at 95℃ for 15 s and at 60℃
for 30 s A melt curve analysis was performed at 95℃ for 30 s, 60℃ for
30min, and 95℃ for 30 s. Each experiment was repeated at least three
times from three independent RNA samples(each sample extracted from
at least three lung lobes or wells of ASMCs). The fold-change for mRNA
relative to β-actin was determined by the formula: 2-△△Ct.

2.9. Western blotting

TRPM7 was detected by western blotting as previously described
(Chen et al., 2017a). Mice lung tissues and ASMCs were harvested on
ice, lysed with RIPA buffer containing 20-mM Tris−HCl (pH 7.5), 150-
mM NaCl, 1-mM Na2EDTA, 1-mM EGTA, 1% NP-40, 1% sodium
deoxycholate, 2.5-mM sodium pyrophosphate, 1-mM beta-

glycerophosphate, 1-mM Na3VO4 and 1-μg/mL leupeptin. In addition,
proteinase inhibitor cocktail tablets and phosphatase inhibitor cocktail
tablets were also added. The BCA method was used to determine the
protein concentrations. Equal protein amounts were separated by 10%
SDS-PAGE gel electrophoresis and transferred to polyvinylidene di-
fluoride (PVDF) membranes. The PVDF membranes were then blocked
for 1 h at room temperature in 5% non-fat dry milk and incubated
overnight at 4℃ with a special antibody. After washing in TBS-T solu-
tion, the membranes were incubated further with horseradish perox-
idase-conjugated IgG secondary antibody. The blots were then washed
three times in TBS-T, and antibody-bound protein was visualized with
an Enhanced Chemiluminescence (ECL) kit.

2.10. Measurement of [Ca2+]i

Intracellular calcium, [Ca2+]i, was recorded using a fluorometric

Fig. 1. TGF-β1 and TRPM7 expression in asthmatic mice. (A) Photomicrographs of HE stain of lung tissue isolated from asthmatic mice at different stages (×200).
Compared with the control group, asthmatic mice showed increased airway remodeling. (B) The time-dependent expression of TGF-β1 in asthmatic mice was higher
than that in control mice (P< 0.05). *P< 0.05, **P< 0.01, Asthma group versus control group. (C) Increased time-dependent TRPM7 expression in asthmatic mice
by time-dependent (P< 0.05). *P< 0.05, **P< 0.01 versus 0W group. (D) Positive staining showing TRPM7 expression in the epithelium, macrophage, leukocyte
and smooth muscle.
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ratio technique (indo-1 fluorescence) as described elsewhere (Zhang
et al., 2018). ASMCs at 1×106/mL were seeded onto coverslips with
different treatments for 24 h. The control group was added the appro-
priate volume of D-Hank solution. Before detection, the cells were in-
cubated in serum-free culture containing 10-mg/L Fluo3-AM (Dojindo,
Kyushu, Japan) and 0.1% F-127 (Dojindo) at 37℃ for 30min. For de-
tection, Ca2+-free extracellular fluid containing 0.1mmol/L EGTA was
added. The slides were fixed to the bottom of the recording dish and
then placed in a laser scanning confocal microscope (Leica, Solms,
Germany), with an excitation wavelength of 488 nm and a detection
wavelength of 515 nm. The Ca2+ fluorescence intensity of smooth
muscle cells was observed under different conditions at 200 × mag-
nification was observed. The [Ca2+]i was calculated based on the Ca2+

fluorescence intensity.

2.11. MTT cell proliferation assay

ASMC proliferation was also measured by using MTT assays as de-
scribed elsewhere (Chen et al., 2015). Cells were incubated with 5mg/
mL MTT (Chemicon, Temecula, CA, USA) in phosphate-buffered saline
(PBS) for 4 h at 37℃ in 5% CO2. Subsequently, 150 μL of DMSO reagent
was added to dissolve the formazan crystals. An ELISA plate reader (MN
3663; Molecular Devices, Sunnyvale, CA, USA) with a reference wave
length of 490 nm was used to determine the optical density. Each ex-
periment was performed in triplicate.

2.12. Flow cytometry analysis of cell apoptosis

Different cell samples were observed for cell apoptosis using Flow
cytometry as described elsewhere (Chen et al., 2017a). The trypsin-
treated cells were centrifuged at 1000 rpm for 5min. The cell pellets
were resuspended with 500mL of binding buffer at a concentration of

Fig. 2. Culture and identification of ASMCs isolated from mouse. (A) ASMCs displayed the characteristic “hill and valley” appearance (phase contrast microscope
×100). (B) Positive expression of α-actin in ASMCs (immunocytochemical staining ×100).

Fig. 3. TGF-β1 induces the expression of
TRPM7 via SMAD signaling in ASMCs. (A and
B) Both mRNA and protein TRPM7 levels were
elevated in a dose-dependent manner. (C and
D) TRPM7 mRNA and protein expressions were
effectively suppressed by LY2109761 and SIS3
in ASMCs compared with those in 10 ng/mL
TGF-β1-stimulated cells. *P< 0.05, **P<
0.01, versus NC group; + P< 0.05, ++ P<
0.01, versus TGF-β1 group. We performed
three independent experiments.
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106 cells/mL, after washing twice with PBS at 1000 rpm for 5min.
Subsequently, 5 mL of FITC-conjugated Annexin V and 5mL of PI were
added to the cells and incubated at room temperature for 15min in the
dark. The samples were analyzed within 1 h after staining. Each ex-
periment was conducted in triplicate.

2.13. Statistical analysis

Data were analyzed using the GraphPad Prism software (version 5,
GraphPad Software). Results are expressed as mean ± SEM. One-way
analysis of variance and Dunnett multiple comparison tests were used.
P values were two-sided and subject to a significance level of 5%.

3. Result

3.1. TGF-β1 and TRPM7 expression in asthmatic mice

We successfully established an asthmatic mouse model (Fig. 1A).
TGF-β1 and TRPM7 were expressed in the mice in a time-dependent
manner at higher levels than in control mice (P< 0.05) (Fig. 1B and C).
In Fig. 1D, the positive staining in brown shows TRPM7 expression in
the airway smooth muscle, epithelium, and macrophage leukocytes.

3.2. TGF-β1 induces TRPM7 expression via SMAD signaling in ASMCs

We identified primary ASMC cultures obtained from mice airways
by their characteristic “hill and valley” appearance under phase con-
trast microscope and by positive immunofluorescence staining of α-
smooth muscle actin stained brown (Chen et al., 2017a). Both results

confirmed the identity of the cells as smooth muscle cells with identical
morphology (Fig. 2).

To study the interaction between TGF-β1 and TRPM7 in mice
ASMCs, we quantified the expressions of TRPM7 mRNA and protein in
ASMCs induced by TGF-β1. In ASMCs treated with 0, 0.1, 1, 5, 10 ng/
mL of TGF-β1, the expressions of TRPM7 mRNA and protein were in-
creased in a dose-dependent manner, as shown in Fig. 3A and B
(P< 0.05). To explore the rationale for the increase, we used
LY2109761 to block the TGF-β receptor. We also used SIS3 to suppress
SMAD3 phosphorylation. As shown in Fig. 3C and D, TRPM7 mRNA and
protein expressions were effectively inhibited by LY2109761 and by
SIS3 in ASMCs compared to the levels in 10-ng/mL TGF-β1-treated cells
(P< 0.05).

3.3. TRPM7 knockdown decreases intracellular Ca2+ concentration in
TGF-β1 stimulated ASMCs

To uncover the possible relationship between TRPM7 and Ca2+

influx, we assessed the intracellular Ca2+ concentrations in ASMCs by
using fluorescent indicator indo-1. TGF-β1 increased [Ca2+]i in a dose-
dependent manner, whereas NC did not, as seen in Fig. 4. LY2109761
and SIS3 significantly decreased [Ca2+]i in ASMCs compared to that in
TGF-β1 stimulated cells (P< 0.05; Fig. 5). Next, we explored whether
knocking down TRPM7 had an impact on the [Ca2+]i in ASMCs.
ShTRPM7 was transfected into ASMCs. As displayed in Fig. 6, TRPM7
knockdown significantly reduced the [Ca2+]i compared to that in NC-
stimulated cells significantly (P< 0.05) in Fig. 7.

Fig. 4. TGF-β1 the increased intracellular Ca2+ concentration in ASMCs. TGF-β1 increased [Ca2+]i in a dose-dependent manner, but NC did not (P< 0.05). *P<
0.05, **P< 0.01, versus NC group. Three independent experiments were performed.
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3.4. Effect of TRPM7 knockdown on TGF-β1-induced ASMC proliferation
and apoptosis

As displayed in Fig. 8A, TGF-β1 increased, whereas LY2109761and
SIS3 decreased, the ASMC growth rate (P< 0.05). TRPM7 knockdown
significantly suppressed the growth rate of ASMCs compared with that
of TGF-β1-stimulated cells (P< 0.05). Our results indicate that
knocking down TRPM7 inhibits ASMC proliferation.

To determine the effect of TRPM7 knockdown on TGF-β1-induced
ASMC apoptosis, we stained the above-mentioned cell samples with

Annexin V-FITC/PI, and applied by flow cytometry. According to re-
sults given in Fig. 8B, TGF-β1 can reduced the apoptosis rate of ASMCs
compared to that of the NC group (P < 0.05). However, neither
TRPM7 knockdown nor SIS3/LY2109761 significantly reduced the
apoptosis rate of ASMCs (P > 0.05).

4. Discussion

Our study demonstrated that TGF-β1 increases the expression of
TRPM7 in ASMCs through TGFβR/SMAD3 pathway, and that knocking

Fig. 5. LY2109761 and SIS3 decrease intracellular Ca2+ concentration in TGF-β1 stimulated ASMCs. LY2109761 and SIS3 decreased [Ca2+]i in ASMCs, whereas
TGF-β1 increased it (P< 0.05). We found no statistical significance in [Ca2+]i when LY2109761 and SIS3 were compared with NC-stimulated cells (P> 0.05). *P<
0.05, **P< 0.01, versus NC group; + P< 0.05, ++ P< 0.01, versus TGF-β1 group. Three independent experiments were performed.

Fig. 6. TRPM7 shRNA knockdown reduced the TRPM7 mRNA and protein expressions in ASMCs. *P< 0.05, **P< 0.01, versus NC group; + P< 0.05, ++ P<
0.01, versus TGF-β1 group. Three independent experiments were performed.
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down TRPM7 decreases the Ca2+ influx and ASMC proliferation
without affecting apoptosis. Consequently, TRPM7 may be a potential
target for the severe asthma treatment.

TRPM7 is a melastatin-related subfamily of TRP channels (TRPCs)
(Park et al., 2014; Kraft and Harteneck, 2005). TRPC genes encode
Ca2+ channels which are responsible for Ca2+ influx (Nilius, 2007;
Zhang et al., 2018). TRPM7 is a channel protein permeating diverse
metal ions, such as Ca2+ and Mg2+, and it possesses an alpha kinase
domain in its C-terminal with kinase activity (Penner and Fleig, 2007).
Our previous work found that TRPM7 is highly expressed and promotes
Ca2+ influx in the asthmatic mice (Ng et al., 2012). TRPM7 can be
activated by several stimuli, such as low extracellular Mg2+ (Yee et al.,
2011), PDGF-BB (Fang et al., 2013), epidermal growth factor (EGF)
(Gao et al., 2011) and TGF-β1 (Fang et al., 2014). In this study, we
showed that TGF-β1 induced TRPM7 increased in a dose-dependent
manner in ASMCs.

Studies have provided evidence for the role of TGF-β1 in airway
remodeling (Chen et al., 2015). In our study, we have established an
asthmatic mice model with airway remodeling that expresses TGF-β1
and TRPM7 in a time-dependent manner at higher levels than control
group. In vitro, LY2109761, a blocker of the TGF-β receptor, abrogated
the TRPM7 expression induced by TGF-β1. Moreover, SIS3 which
suppresses SMDA3 phosphorylation, reduced TRPM7 levels. Overall,

Our results suggest that TRPM7 expression may be regulated by the
TGF-β1/TGFβR/SMAD3 signaling pathway at least in part.

Severe asthma is associated with ASMC proliferation, which leads to
remodeling and irreversible airway narrowing. ASMC hyperplasia and
hypertrophy have been regarded as primary factors leading to irrever-
sible airway obstruction during severe asthma. Intracellular free Ca2+

is a second messenger in ASMCs for asthma-related functions, such as
contraction, proliferation, apoptosis and cytokine production (Sakai
et al., 2017). The Ca2+ influx is largely regulated by voltage-in-
dependent nonselective cation channels and voltage-dependent Ca2+

channels in ASMCs, such as receptor-operated Ca2+ channels (ROCC)
and store-operated Ca2+ channels (SOCC) (Chen and Sanderson, 2017;
Boie et al., 2017). Changing the [Ca2+]i has a significant effect in the
proliferation and metabolism of ASMCs (Chen et al., 2017b). In addi-
tion, increased Ca2+ entry is a vital cause for ASMC proliferation (Gao
et al., 2013). In this study, [Ca2+]i increases due to TGF-β1 stimulation
in ASMCs were inhibited by knockdown of TRPM7 with siRNAs. These
results are the first to demonstrate that Ca2+ influx via TRPM7 stimu-
lates ASMC proliferation, suggesting that the elevated channel activity
associated with the disease could contribute to airway remodeling. In
addition, we showed that knockdown of TRPM7 attenuates TGF-β1-
induced ASMC proliferation, suggesting that TRPM7 activity is stimu-
lated by TGF-β1. However, neither TRPM7 knockdown nor SIS3/

Fig. 7. TRPM7 knockdown decreased intracellular Ca2+ concentration in TGF-β1-stimulated ASMCs. TGF-β1 increased [Ca2+]i, whereas NC did not (P< 0.05).
TRPM7 knockdown significantly reduced [Ca2+]i in TGF-β1-stimulated cells (P< 0.05), although no statistical significance was found between those cells and NC-
stimulated cells (P> 0.05). *P< 0.05, **P< 0.01, versus NC group; + P< 0.05, ++ P< 0.01, versus TGF-β1 group. Three independent experiments were
performed.
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LY2109761 reduced the apoptosis rate of ASMCs. Our initial findings
support the concept that blocking of TRPM7 could be useful for pre-
venting asthma-induced airway remodeling.

In conclusion, TGF-β1 in ASMCs stimulates TRPM7 expression via a
TGFβR/SMAD3 pathway, and TRPM7 knockdown decreases the in-
tracellular Ca2+ concentration and cellular proliferation without af-
fecting apoptosis. Therefore, TRPM7 may be a potential target for
preventing asthma-induced airway remodeling.
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