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Taraxasterol inhibits TGF-p1-induced proliferation and migration of airway smooth
muscle cells through regulating the p38/STAT3 signaling pathway
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Abstract

Childhood asthma is a common chronic airway disease, and its severe form remains a challenging. Taraxasterol, a
pentacyclic-triterpene isolated from Taraxacum officinale, has been shown to have anti-allergic property. However, the effects
of taraxasterol on the proliferation and migration of airway smooth muscle cells (ASMCs) and the involved mechanisms remain
unclear. Thus, the purpose of the present study was to investigate the functional role and potential molecular mechanism of
taraxasterol in TGF-P1-induced ASMC proliferation and migration. Our results showed that taraxasterol significantly suppressed
the transforming growth factor p1 (TGF-p1)-induced proliferation and migration of ASMCs. In addition, exposure of ASMCs to
taraxasterol dramatically increased the expressions of contractile markers smooth muscle a-actin (a-SMA) and myocardin, whereas
expressions of extracellular matrix (ECM) proteins type I collagen (Col I) and fibronectin were reduced in TGF-p1-stimulate
ASMC:s. Further studies revealed that taraxasterol suppressed the phosphorylation of p38 and signal transducer and activator
of transcription 3 (STAT3) in TGF-p1-stimualted ASMCs. Notably, p38 MAPK agonist P79350 reversed the protective effects
of taraxasterol on ASMCs. In conclusion, these findings indicated that taraxasterol inhibits TGF-p1-induced proliferation and

migration of ASMCs through inactivation of p38/STAT?3 signaling pathway.

Keywords: asthma; taraxasterol; airway smooth muscle cells (ASMCs); p38/STAT3 pathway.

Practical Application: Taraxasterol may be a promising therapeutic candidate for the treatment of asthma.

1 Introduction

Asthma is a heterogeneous clinical syndrome characterized by
inflammation, reversible airway obstruction, hyperresponsiveness,
and airway remodeling. It has increased in prevalence over the
past 30 years and currently affects 235 million people worldwide
(Toop, 1985). Airway smooth muscle (ASM) plays crucial roles in
airway remodeling during asthma pathogenesis. Airway smooth
muscle cells (ASMC:s) are key cell type in the pathophysiology of
airway remodeling because of their multifunctional properties
and intrinsic plasticity (Black et al., 2003). During airway
remodeling, ASM proliferation contributes towards increased
ASM mass, which tends to increase airway narrowing and
airflow obstruction. A growing body of evidence indicates that
ASMC migration toward the airway epithelium in response to
inflammatory mediators such as transforming growth factor p1
(TGE-B1), thereby promoting airway remodeling (Chen et al.,
2015; Cheng et al., 2018).

Taraxasterol, a pentacyclic-triterpene isolated from Taraxacum
officinale, has been shown to have anti-inflammatory, anti-arthritic,
neuro-protective and anti-tumor effects (Bao et al., 2018; Liu et al.,
2018; Wang et al., 2016). A study by Chen et al. (2019) reported
that taraxasterol attenuates inflammatory response in interleukin
(IL)-1p-stimulated human fibroblast-like synoviocytes rheumatoid
arthritis (HFLS-RA) in vitro and collagen-induced arthritis (CIA)
mice in vivo (Chen et al., 2019). In addition, taraxasterol has
been reported to possess anti-allergic property. Liu et al. (2013)

reported that taraxasterol reduces the production of Th2 cytokine
IL-4, IL-5, IL-13 in bronchoalveolar lavage fluid (BALF) and
ovalbumin (OVA)-specific IgE in sera, as well as and suppresses
airway hyperresponsiveness in OVA-induced allergic asthma in
mice (Liu et al., 2013). However, the effects of taraxasterol on
the cell proliferation and migration of TGF-f1-induced ASMCs
and the involved mechanisms remain unclear. Thus, the purpose
of the present study was to investigate the functional role and
potential molecular mechanism of taraxasterol in TGF-f1-induced
ASMC proliferation and migration.

2 Materials and methods
2.1 Cell culture

Human ASMCs line (American Type Culture Collection,
ATCC, Manassas, VA, USA) were grown in Dulbecco’s Modified
Eagle’s Medium (DMEM; Gibco Laboratories, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (Gibco) and
1% penicillin/streptomycin (Sigma-Aldrich, St. Louis, MO,
USA). ASMCs were maintained in a humidified atmosphere
of 5% CO, at 37 °C.

2.2 Cell cytotoxicity assay

Cell cytotoxicity was detected by MTT assay. Briefly, ASMCs
were incubated with series concentrations of taraxasterol
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(0,5,10,20, 40 uM) for 48 h. Then, 20 pl 5 mg/ml MTT solution
was added and incubated for 4 h at 37 °C. Afterwards, the medium
was removed and 200 pl dimethylsulfoxide (DMSO) was added
to dissolve the formazan crystals. The absorbance was read at
490 nm using a microplate reader (Bio-Tek, Winooski, VT, USA).

2.3 Cell proliferation assay

Cell proliferation was measured using the Cell Counting
Kit-8 assay (CCK-8; Dojindo, Kumamoto, Japan). Briefly, ASMCs
(1 x 10* cells/well) were seeded in 96-well plates for 24 h. Then,
cells were pretreated with various concentrations of taraxasterol
(5, 10, 20 uM) for 1 h, followed by incubation with TGF-p1
(10 ng/ml) for 48 h. Finally, 10 ul of CCK-8 reagent (Dojindo,
Kumamoto, Japan) was added to each well and incubated for 2 h.
The absorbance at a wavelength of 450 nm was measured using a
spectrophotometer (Bio-Rad Laboratories, Hercules, CA, USA).

2.4 Transwell migration assay

Cell migration was detected using Transwell culture chambers
(Corning Life Sciences, Corning, NY, USA). Briefly, the treated
ASMCs (1 x 10* cells/well) were suspended in serum-free
medium and plated in the upper chamber, and 600 uL DMEM
medium supplemented with 10% FBS was added into the lower
chamber. After 24 h, the migrated cells on the lower side of the
inserts were fixed, stained with 0.5% crystal violet for 30 min
and counted under a microscope (Olympus, Tokyo, Japan).

2.5 Quantitative real-time polymerase chain reaction
(qRT-PCR)

The total RNA was extracted from ASMCs using Trizol
reagent (Invitrogen) according to the manufacturer’s protocol.
Then, 2 pg of total RNA was reverse transcribed to cDNA using
the Prime Script RT Master Mix (TaKaRa Bio, Shiga, Japan). The
qRT-PCR was performed using the SYBR Select Master Mix
(Applied Biosystems, Foster City, CA, USA) on the ABI7300
system (Applied Biosystems) according to the manufacturer’s
instructions. The primers were as follows: smooth muscle a-actin
(a-SMA), forward 5-AGAGTTACGAGTTGCCTGATGG-3’ and
reverse 5-GATGCTGTTGTAGGTGGTTTCA-3’; myocardin,
forward 5-AGGT AACACAGCCTCCATCCTA-3’ and reverse
5-TGGGTATCTTTGGGACTTTT TG-3’; type I collagen
(Col 1), forward 5-GTCCTCCTGGTTCTCCTGGT-3" and
reverse 5-GACCGTTGAGTCCGTCTTTG-3’; fibronectin,
forward 5-GAAG TCGCAAGGAAACAAGC-3" and
reverse 5-GTAGGTGAACGGGAGGACAC-3’; B-actin,
forward 5-AGAAGGCTGGGGCTCATTTG-3" and reverse
5-AGGGGCCATCCACAGTCTTC-3.

2.6 Western blot

Total protein was extracted from ASMCs using RIPA lysis
buffer (Beyotime). Equal amounts of protein (30 pg) were
loaded and by 12% SDS-PAGE and transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore, Billerica, MA, USA).
The membranes were blocked in 5% non-fat milk for 1 h at room
temperature and incubated with primary antibodies against
a-SMA, myocardin, p38, p-p38, signal transducer and activator

of transcription 3 (STAT3), p-STAT3, and p-actin (Abcam) at
4 °C overnight. After washing for three times, the membranes
were incubated with secondary antibodies conjugated with
horseradish peroxidase (Abcam) for 1 h at room temperature.
Finally, immunoreactive proteins were visualized using an ECL
reagent (Thermo Fisher Scientific).

2.7 Enzyme-Linked Immunosorbent Assay (ELISA)

After different treatments, the cell supernatants of ASMCs were
collected for ELISA. The concentrations of Col I and fibronectin
in cell supernatant were measured using the commercial Col I
and fibronectin ELISA kits (R&D Systems, Minneapolis, MN,
USA) following the manufacturer’s instructions.

2.8 Statistical analysis

All data were expressed as a mean + standard deviation (SD)
from at least 3 independent experiments. Statistical analysis
was carried out using one-way analysis of variance (ANOVA)
followed by Bonferroni test for multiple groups, or student’s-t
test between two groups (using SPSS 13.0 software; SPSS Inc.,
Chicago, USA). A p-value less than 0.05 indicated that the
difference between groups was statistically significant.

3 Results

3.1 Taraxasterol inhibits TGF-f1-induced cell proliferation
and migration in ASMCs

We first investigated the cytotoxicity of taraxasterol in ASMCs.
As shown in Figure 1A, 40 uM taraxasterol had a significant
effect on cell viability, however, the viability of ASMCs was
unaffected by taraxasterol at concentrations of 5, 10 and 20 uM.
Therefore, 5-20 uM of taraxasterol was used in the following
experiments. Next, we investigated the effects of taraxasterol on
cell proliferation and migration in TGF-p1-stimulated ASMCs.
The results of CCK-8 assay indicated that TGF-P1 treatment
greatly promoted ASMCs proliferation, while this effect was
attenuated by taraxasterol. Transwell migration assay showed
that taraxasterol significantly suppressed TGF-B1-induced cell
migration in ASMCs (Figure 1C).

3.2 Taraxasterol increased the expression of contractile
phenotypic markers in TGF-f1-stimulated ASMCs

Then, we evaluated the effect of taraxasterol on the expressions
of contractile phenotypic markers including a-SMA and myocardin
in TGF-pB1-stimulated ASMCs. As shown in Figure 2A-C, TGF-p1
treatment significantly reduced the expression of a-SMA and
myocardin at both mRNA and protein levels in ASMCs, whereas
pre-incubation with taraxasterol significantly reversed the
effects mediated by TGF-B1, leading to significant increased
the expression of a-SMA and myocardin.

3.3 Taraxasterol inhibits the expression of ECM proteins in
TGEF-f1-stimulated ASMCs

To further investigate the effect of taraxasterol on ECM
accumulation in ASMCs, the levels of Col I and fibronectin were
measured. The results of qRT-PCR assay showed that the gene
expression of Col I and fibronectin was upregulated in ASMCs

Food Sci. Technol, Campinas, v42, e45121, 2022



Original Article

Shan et al.

A

—
N
T

o
T

I
T

Cell viability (% of control)
N
S
1

=
1

0 10 20 40

taraxasterol (nM)

1.59
%
A #
=
2 1.0 #
<
= #
=3
© .
v 0.5
@)
®)
0.0-
TGF-p 1 - + i+ e +
taraxasterol (nM) - = 5 10 20
= 150+
0 b
=S
-z
T 100- i
2 #
;:.‘D #
.é 50-
S
[=]
2
0_
TGF-p 1 - + + + +
taraxasterol (uM) - = 5 10 20

Figure 1. Taraxasterol inhibited TGF-P1-induced ASMCs proliferation
and migration. (A) ASMCs were incubated with series concentrations
of taraxasterol (0, 5, 10, 20 and 40 pM) for 48 h; MTT assay was
performed to evaluate cell viability; (B) ASMCs were pretreated with
taraxasterol (5, 10, or 20 uM) for 1 h, and then incubated with TGF-p1
(10 ng/ml) for 24; Cell proliferation was detected using CCK-8 assay;
(C) Cell migration was measured using Transwell migration assay;
*p < 0.05 vs. control group; “p < 0.05 vs. TGF-B1 group.

exposed to TGF-P1, while taraxasterol noticeably suppressed
the induction. In addition, we performed ELISA to measure the
production of Col I and fibronectin in supernatant and found
that taraxasterol clearly inhibited the TGF-B1-induced secretion
of Col I and fibronectin in ASMCs (Figure 3C, D).
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3.4 Taraxasterol inhibits the activation of p38/STAT3
pathway in TGF-f1-stimulated ASMCs

In order to explore the underlying mechanism which is
responsible for taraxasterol-mediated effect, we examined the
effect of taraxasterol on p38/STAT3 pathway. As indicated in
Figure 4, TGF-P1 treatment markedly increased the levels of p-p38
and p-STAT3 in ASMCs. However, the activation of p38/STAT3
pathway caused by TGF-B1 was reversed by taraxasterol.

3.5 p38 MAPK agonist P79350 reversed the effects of
taraxasterol on ASMCs proliferation and migration

To confirm whether p38 MAPK pathway was involved in
regulating taraxasterol -mediated protective effect, we examined
the effect of p38 MAPK agonist P79350 on taraxasterol-regulated
ASMC:s proliferation and migration. The results indicated that
P79350 significantly reversed the protective effects of taraxasterol
against TGF-P1-induced ASMCs proliferation and migration
(Figure 5A, B).

3.6 p38 MAPK agonist P79350 reversed the effects of
taraxasterol on contractile phenotypic markers and ECM
proteins in TGF-p1-induced ASMCs

Then, we examined the effects of P79350 on taraxasterol-regulated
contractile phenotypic markers and ECM proteins expression in
TGF-B1-induced ASMCs. As shown in Figures 6A-C, P79350
significantly reversed the protective effects of taraxasterol on
a-SMA and myocardin expressions, as well as Col I and fibronectin
productions in TGF-B1-stimulated ASMCs.

4 Discussion

In this study, we showed for the first time that taraxasterol
significantly suppressed the TGF-f1-induced proliferation and
migration of ASMCs. In addition, taraxasterol increased the
expression of contractile phenotypic markers and inhibited
the expression of ECM proteins in TGF-p1-stimulated ASMCs.
Furthermore, taraxasterol prevented the activation of p38/STAT3
pathway in TGF-P1-stimulated ASMCs.

Phenotype switching of ASMCs, defined as a reversible
switching between contractile and proliferative phenotypes, plays
a critical role in the process of airway remodeling (Sandford et al.,
1998). The proliferating ASMCs have an increased proliferative
capacity, more mitotically active, and express lesser amounts of
contractile proteins such as smooth muscle myosin heavy chain
(SM-MHC), myocardin and calponin (Halayko et al., 1996).
Under normal conditions, ASMCs remain in a quiescent and
non-migratory state. TGF-f1 is one of the dimeric isoforms
that has a prominent role in promoting the changes of ASMCs
from a contractile phenotype to a pro-remodeling phenotype
with proliferative, migrative and synthetic abilities (Zhu et al.,
2015). Thus, we used TGF-f1 to induce the phenotypic change
of ASMCs. Our results showed that taraxasterol reversed the
TGEF-B1-induced inhibition of the expression of contractile
phenotypic markers in ASMCs.

ECM deposition in the airways is an important pathological
manifestation of airway remodeling (Ambhore et al.,, 2019).
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Figure 2. Taraxasterol reversed the TGF-B1-induced inhibition of the expression of contractile phenotypic markers in ASMCs; ASMCs were
pretreated with taraxasterol (5, 10, or 20 uM) for 1 h, and then incubated with TGF-f1 (10 ng/ml) for 24 h; (A), (B) The mRNA expression levels
of a-SMA and myocardin were measured using qRT-PCR; (C) The protein expression levels of a-SMA and myocardin were measured using
western blot analysis; *p < 0.05 vs. control group; “p < 0.05 vs. TGF-B1 group.
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Figure 3. Taraxasterol suppressed Col I and fibronectin production in TGF-B1-stimulated ASMCs; ASMCs were pretreated with taraxasterol
(5, 10, or 20 uM) for 1 h, followed by incubation with TGF-p1 (10 ng/ml) for 24 h; (A), (B) The mRNA expression levels of Col I and fibronectin
were detected using qRT-PCR; (C), (D) The concentration of Col I and fibronectin in cell supernatants were determined using ELISA; *p < 0.05
vs. control group; “p < 0.05 vs. TGF-B1 group.
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Figure 4. Taraxasterol prevented the activation of p38/STAT3 pathway
in TGF-B1-stimulated ASMCs; ASMCs were pretreated with taraxasterol
(5,10, or 20 uM) for 1 h, followed by incubation with TGF-p1 (10 ng/ml)
for 1 h; (A)-(C) The levels of p38, p-p38, STAT3, and p-STAT3 were
evaluated using western blot; *p < 0.05 vs. control group; “p < 0.05 vs.
TGF-P1 group.

Previous studies have shown that ECM proteins, in particular
ColIand fibronectin, can alter non-asthmatic derived ASM cells
towards a proliferative phenotype (Nishihara-Fujihara et al.,

Food Sci. Technol, Campinas, v42, e45121, 2022

Figure 5. p38 MAPK agonist P79350 reversed the effects of taraxasterol
on ASMC:s proliferation and migration; ASMCs were treated with 20 pM
taraxasterol and P79350 (5 uM) before TGF-p1 treatment; (A) Cell
proliferation was detected using the CCK-8 assay; (B) Cell migration
was measured using Transwell assay; *p < 0.05 vs. control group;
*p <0.05 vs. TGF-B1 group; *p < 0.05 vs. TGF-P1 + taraxasterol group.

2010; Roberts & Burke, 1998). In this study, we observed that
taraxasterol inhibited the expression of Col I and fibronectin
in TGF-P1-stimulated ASMCs.

Emerging evidences suggest that the p38 MAPK signaling
pathway is involved in regulating proliferation and migration
of ASMCs (Fernandes et al., 2004; Quante et al., 2008;
Willems-Widyastuti et al., 2013). Cao et al. (2018) reported
that SB203580 (inhibitor of p-38) could inhibit the activation
of p38, attenuate phosphorylation of STAT3, and decrease the
expression of col I and a-SMA in both human fibroblasts and
airway tissue of OVA-challenged mice (Cao et al., 2018). In
addition, STAT3 is an important signal transcription factor in
JAK/STAT signaling pathway and is involved in cell proliferation,
differentiation, metastasis and angiogenesis (Koning et al., 2000,
Doucette et al., 2012; Wei et al., 2003). STAT3 was acted a key
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Figure 6. p38 MAPK agonist P79350 reversed the effects of taraxasterol on contractile phenotypic markers and ECM proteins in TGF-p1-induced
ASMCs; ASMCs were treated with 20 uM taraxasterol and P79350 (5 uM) before TGF-P1 treatment; (A) The protein levels of contractile phenotypic
markers including a-SMA and myocardin were measured using western blot; (B), (C) The production of Col I and fibronectin was measured
using ELISA; *p < 0.05 vs. control group; “p < 0.05 vs. TGF-B1 group; *p < 0.05 vs. TGF-B1 + taraxasterol group.

regulatory factor in airway remodeling (Litonjua et al., 2005;
Redhu et al,, 2013; Simeone-Penney et al., 2007). Previous studies
showed that upregulation of STAT3 dramatically promoted the
proliferation of human ASMCs, and STAT3 inhibitor greatly
attenuated airway remodeling and lung inflammation in asthmatic
mice (Gavino et al., 2016; Tang & Luo, 2018). Therefore, we
investigated whether taraxasterol could affect p38/STAT?3 pathway
in TGF-p1-induced ASMCs. The results showed that taraxasterol
inhibited the activation of p38/STAT3 signaling pathway caused
by TGF-B1 induction. And p38 MAPK agonist P79350 reversed
the protective effects of taraxasterol on ASMCs.

In conclusion, these findings demonstrated that taraxasterol
suppressed cell proliferation, migration, ECM accumulation,
while elevated the expressions of contractile phenotypic markers
in TGF-pB1-stimulated ASMCs. The effects of taraxasterol might
be mediated by the inhibition of p38/STAT3 signaling pathway.
Thus, taraxasterol may be a promising therapeutic candidate for
the treatment of asthma.
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