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Some domestic scholars revealed the efectiveness of Wenshen Yiqi Keli (WSYQKL) on chronic obstructive pulmonary disease
(COPD). However, the exact mechanism of WSYQKL on COPD is fuzzy and needs further research. We adopted UPLC-Q/TOF-
MS to analyze the chemical components ofWSYQKL. In in vitro experiments, human airway smoothmuscle cells (hASMCs) were
intervened with 2.5% cigarette smoke extract (CSE), medicine serum of WSYQKL, miR-155 mimic, and FoxO3a silencing. Cell
viability, proliferation, migration, and the expressions of miR-155, PCNA, Ki67, p21, p27, and FoxO3a were examined by cell
counting kit-8, EdU staining, Transwell assay, scarifcation assay, qRT-PCR, immunol cytochemistry, and western blot, re-
spectively. Te association between miR-155 and FoxO3a was assessed by database and luciferase reporter gene analysis. We
identifed 47 kinds of chemical compositions of WSYQKL in ESI+ mode and 42 kinds of components of WSYQKL in ESI− mode.
Te medicine serum of WSYQKL strongly alleviated the proliferation and migration of hASMCs induced by CSE in a con-
centration-dependent manner. Te medicine serum of WSYQKL enhanced the levels of p21, p27, and FoxO3a and weakened
PCNA and Ki67 levels in hASMCs induced by CSE with the increase of concentration. MiR-155 mimic or FoxO3a silencing
notably advanced CSE-treated HASMC viability, proliferation, migration, and the levels of PCNA and Ki67 and downregulated
the levels of p21, p27, and FoxO3a in CSE-triggered hASMCs, which was reversed by WSYQKL-containing serum. Our results
described that WSYQKL alleviated the proliferation and migration of hASMCs induced by CSE by modulating the miR-155/
FoxO3a axis.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a familiar
preventable and treatable disease marked by persistent re-
spiratory symptoms and airfow restriction [1]. Respiratory
symptoms and airfow restrictions are caused by airway and/
or alveolar abnormalities caused by toxic particles or gases
[2]. Airfow restriction is the major reason for clinical
symptoms in COPD patients, and the cardinal pathological
feature of airfow restriction is airway remodeling [3, 4].
Airway remodeling is the primary pathological basis of
COPD and a pivotal factor in the sustainable development of
COPD [5]. Te process of airway remodeling involves

multiple cells and cytokines, among which airway smooth
muscle cells (ASMCs) are particularly considerable and the
most in-depth research [6]. Excessive proliferation of
ASMCs causes tracheal dysfunction and is participated in
airway remodeling and airway hyperresponsiveness [7]. To
date, there are no efective COPD treatments for inhibiting
cell proliferation of ASMCs and no globally accepted criteria
for defning early COPD [8, 9]. Terefore, there is an urgent
need for new biomarkers for the early detection of COPD to
facilitate the timely intervention of the disease.

MicroRNA (miRNA) is an endogenous noncoding RNA
that can cleave mRNA to inactivate it and weaken the
translation process [10]. Regulation of cellular activities such
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as proliferation, apoptosis, and diferentiation by altering the
expression of miRNAs has been implicated in the devel-
opment of various diseases including cardiovascular dys-
function, lung disease, and cancer [11,12]. It has been
reported that miRNA can modulate the pathological process
of COPD [13,14]. Among them, miR-155 was reported to be
overexpressed in bronchial epithelial cells mediated by
PM2.5 [15]. However, the exact mechanism of miR-155 in
COPD is fuzzy.

Now, mounting clinicians realize that traditional Chi-
nese medicine (TCM) has its unique advantages in the
treatment of COPD. Wenshen Yiqi Keli (WSYQKL) is a
commonly used prescription for the clinical treatment of
COPD by Professor Xu Zhiying of TCM. WSYQKL is
composed of Astragali Radix, Cuscutae Semen, Fluoritum,
Paris polyphylla, and Rhizoma Curcumae. Te long-term
clinical practice indicated that WSYQKL can ameliorate and
maintain the pulmonary function of COPD patients, miti-
gate clinical symptoms and decrease the number of acute
attacks, with good social and economic benefts [16,17].
However, whether WSYQKL afects the proliferation and
migration of cigarette smoke extract-induced human airway
smooth muscle cells by modulating miR-155 expression has
not been reported.

In this study, we used human ASMCs (hASMCs) as
target cells to investigate whether WSYQKL-containing
serum afects the proliferation and migration of cigarette
smoke extract (CSE)-triggered hASMCs by regulating miR-
155, and hoped to clarify its specifc regulatory mechanism
and provide new ideas for the diagnosis and treatment of
COPD.

2. Materials and Methods

2.1. Preparation of WSYQKL Test Solution. We took an
appropriate amount of granules and grind them to powder,
and then precisely weighed 1.00 g of the powder. After
adding 25mL of methanol, the above powder was extracted
by ultrasonic for 45min. After centrifugation (14000 r/min,
20min), we obtained the supernatant, namely, the test
solution.

2.2. UPLC-Q-TOF-MS Analysis of WSYQKL. Te WSYQKL
test solution was analyzed on a UHPLC (Waters Corpora-
tion, USA) equipped with a C18 column (ACQUITY
UPLC® BEH C18, 150× 2.1mm, 1.7 μm). Te mobile phase
was with 0.1% formic acid acetonitrile (A) and 0.1% formic
acid water (B) in a program of elution: 99%∼80% B at
0–4min; 80%–45% B at 4–16min; 45%–35% B at 16–18min;
35%–1% B at 18–20min; 1% B at 20–22min. Te fow rate,
injection tray temperature, column temperature, and in-
jection volume were set to 0.3mL/min, 8°C, 40°C, and 2 μL,
respectively.

Te time-of-fight MS was done in ESI+ and ESI− mode
using TurboIonSpray ion source. Gas1: 55; Gas2: 55; CUR:
35; source temperature: 600°C; ISVF: 5500V/-4500V (ESI+
and ESI− mode); TOF-MS scan m/z range: 50–1500Da;
production scan m/z range: 25–1000Da; TOF-MS scan

accumulation time: 0.25 s/spectra; product ion scan accu-
mulation time: 0.035 s/spectra. Secondary MS was acquired
by IDA and high sensitivity mode; DP: ± 60V (ESI+ and ESI−
mode); collision energy: 35± 15 eV; IDA settings were as
follows: exclude isotopes within 4Da; candidate ions to
monitor per cycle 12.

2.3. AnimalCare. Twenty male SD rats of specifc pathogen-
free (SPF) grade, weighing 200± 20 g, were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd. Te Animal
Ethics Committee of Zhejiang Eyong Pharmaceutical Re-
search and Development Center granted the animal ex-
periments. Tey were adapted for 7 days in a breeding room
(20± 2°C, 55± 5%, and 12-h light/dark cycle).

2.4. Preparation of WSYQKL-Containing Serum.
WSYQKL was bought from Zhejiang Hospital of TCM.
Specifcations: 15 g/pack, 1 pack each time, 2 times a day. A
total of 20 rats were randomly distributed into the control
group and WSYQKL group, 10 per group. Rats in the
WSYQKL group were administered by gavage at a dose of
3.2 g/kg/d, twice a day, for 5 consecutive days. Te drug
doses for rats were determined using the following formula:
Rats (g/kg)� [human dose (30 g/day)/human weight
(60 kg)]× 6.3. Te rats in the control group were given an
equal volume of normal saline. Two hours after the last
administration, the blood samples of the rats were obtained
by eye enucleation. After standing for 1 h, the blood samples
were centrifuged and fltered followed by inactivation in a
56°C water bath for 30min and then stored at −80°C.

2.5.CollectionofCigarette SmokeExtract (CSE). We ignited a
cigarette (11mg tar, 0.9mg nicotine, and 11mg carbon
monoxide). One end of a rubber tube was connected to a
cigarette flter, and the other end was connected to a syringe,
to mimic the actual smoking situation of a person. 300mL of
smoke from the syringe was injected into a 10mL glass bottle
of DMEM, which was shaken to dissolve into the culture
medium. We obtained 100% stock solution CSE (30mL of
smoke per mL of DMEM).

2.6. Cell Culture. hASMCs (C1158) were bought from
WHELAB (China). For the culture of hASMCs, MEM
medium (M0300, WHELAB, China) supplied with 10% FBS
was used. hASMCs were put in a cell incubator (Herocell
180, RADOBIO, China).

2.7. Cell Transfection. MiR-155 mimic (miR10004658-1-5),
miR-155 negative control (miR-155_NC, miR1N0000002-1-
5), miR-155 inhibitor (miR20004658-1-5), and miR-155
inhibitor_NC (miR2N0000002-1-5) were bought from
RiboBio (China). Small interfering RNA FoxO3a (si-
FoxO3a, abx917150) and si-FoxO3a_NC (abx941273) were
bought from Abbexa (USA). For the transfection of
hASMCs, Lipo6000 (C0526, Beyotime, China) was utilized.
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2.8. Study Design. To analyze the role of WSYQKL in
hASMCs induced by 2.5% CSE, hASMCs were allocated to
the control group (20% normal rat serum (NRS) culture),
2.5% CSE group (cells were intervened with 20% NRS for
24 h prior to 2.5% CSE solution treatment for 48 h), 2.5%
CSE+ 5% WSYQKL-containing serum group (cells were
stimulated with 5% WSYQKL-containing serum and 15%
NRS for 24 h before exposing to 2.5% CSE solution), 2.5%
CSE+ 10% WSYQKL-containing serum group (cells were
treated with 10% WSYQKL-containing and 10% NRS for
24 h before exposing to 2.5% CSE solution), and 2.5%
CSE+ 20% WSYQKL-containing serum group (cells were
intervened with 20% WSYQKL-containing serum and then
subjected to 2.5% CSE solution). Ten, to check whether
miR-155/FoxO3a axis afects the regulation of WSYQKL on
2.5% CSE-mediated hASMCs, hASMCs were allocated to the
2.5% CSE+miR-155_NC group, 2.5% CSE+miR-155
mimic group, 2.5% CSE+miR-155 mimic +20% WSYQKL-
containing serum group, 2.5% CSE + si-FoxO3a_NC group,
2.5% CSE+ si-FoxO3a group, and 2.5% CSE+ si-FoxO3a
+20% WSYQKL-containing serum group.

2.9. Cell Viability Analysis of HASMCs. For the examination
of HASMC cell viability, CCK-8 Kit (HY-K0301, MCE,
USA) was earmarked. HASMCs (1× 104/well) were loaded
in ninety-six-well plates. Te next day, cells were processed
based on the above study design for 24 h. After that, we
removed the cell medium and then dripped 10 μL CCK-8
solution into each well. After being reacted at 37°C for 4 h,
we recorded the absorbance (450 nm) utilizing a microplate
reader (CMaxPlus, MD, USA).

2.10. Cell Proliferation Analysis of HASMCs. For the pro-
liferation of hASMCs, we utilized Edu-594 kit C0078S,
Beyotime, China). hASMCs (1× 104/well) were appended to
twelve-pore plates containing coverslips. After adhesion,
cells were intervened based on the above study design for
48 h.Tereafter, 2×EdU solution was injected into each well
(37°C, 4 h). Ten, 95% ethanol was employed to fx cells
(37°C, 15min). After rinsing, permeabilization bufer
(P0097, Beyotime, China) was added (37°C, 10min). After
rinsing again, the Click solution was added (37°C, 0.5 h,
darkroom). DAPI was exploited to identify the nucleus
(37°C, 10min, dark room). For the observation of the
proliferative ability, a fuorescence microscope was used.

2.11. Migration Analysis of HASMCs. hASMCs were serum-
starved for 24 h and then subjected to digestion and cen-
trifugation. Cell precipitation was resuspended in a medium
without FBS and appended to the apical chamber (3422,
Corning, USA). Te media with 10% FBS was dripped into
the basolateral chamber. After 48 h of conventional culture,
we removed hASMCs that did not migrate through the inner
surface of the apical chamber. Te fxation of hASMCs
migrated into the lower compartment was done with
methanol. Ten, 0.1% crystal violet (C0775) ofered by
Sigma-Aldrich (USA) was applied to stain hASMCs. An

optical microscope (IX71, Olympus, Japan) was employed to
observe the number of migrated hASMCs. For scarifcation
assay, a total of 8000 hASMCs were loaded in six-pore plates.
Te next day, the layer of hASMCs was injured with a 10 μL
pipette tip. We utilized PBS to rinse the foating hASMCs.
Tereafter, MEMmedium without serum was added to each
well. Te scratched results were taken at 0 h and 48 h and
observed by the optical microscope. Te relative migration
distance was assessed utilizing Image J (version 1.48).

2.12. Immunol Cytochemistry Analysis. hASMCs loaded in
12-pore plates were intervened according to the above study
design. Subsequently, fxation was conducted with 4%
paraformaldehyde (P1110, Solarbio, China). Tereafter, a
blocking Bufer (P0102, Beyotime, China) was applied to seal
hASMCs (4°C, all night). Ten, the anti-Ki67 antibody (1 :
1000, ab92742, Abcam, UK) and anti-PNCA antibody (1 :
250, ab92552, Abcam, UK) were added (4°C, all night).
Ten, anti-rabbit IgG H&L (HRP, 1 : 200, ab97051, Abcam,
UK) was added (37°C, 60min). After that, the hASMCs of
each well were monitored under the optical microscope.

2.13. Western Blot Analysis. To extract proteins from
hASMCs, we used RIPA bufer (abs9229, absin, China).
After quantifcation of the extracted proteins, denaturation
was performed. Te protein was harvested for electropho-
resis. After being electroblotted onto a nitrocellulose
membrane, 5% BSA was utilized to seal the immunoblot
(37°C, 120min). Afterward, primary antibodies were added
(4°C, 12 h). Ten, the membrane was immersed in anti-
rabbit IgG H&L (1 :1000) at 37°C for another 1 h. A color
reagent (1705061, BIO-RAD, USA) was then added. Te
blots were observed under an Imaging System (Odyssey
CLx, LI-COR, USA). Te primary antibodies of Ki67 (1 :
5000), PCNA (1 :10000), p21 (1 :10000, ab109520), p27 (1 :
5000, ab32034), FoxO3a (1 :10000, ab109629), and GAPDH
(1 :10000, ab181602) were bought from Abcam (UK).

2.14. Real-Time Quantitative PCR. For the isolation of RNA
from hASMCs, the miRNA extraction isolation kit (DP501)
provided by TIANGEN (China) was utilized. To synthesize
cDNA, we used miRNA cDNA frst-strand synthesis kit
(KR211) bought from TIANGEN (China). Ten, qRT-PCR
was carried out utilizing a miRNA qPCR kit (FP411,
TIANGEN, China) in a PCR system (CFX96, Bio-Rad,
USA). Gene-specifc primers were as follows: miR-155
forward: 5′-GGCTAAGGAGATTGGTGCTGTA-3′, Reverse:
5′-ACGAGGGGCTG-AGACATTTAC-3′; U6 forward: 5′-
AGTAAGCCCTTGCTGTCAGTG-3′, Reverse: 5′-CCTG-
GGTCTGATAATGCTGGG-3′.

U6 was validated as the normalizer. Te 2−ΔΔCt was
employed for data evaluation.

2.15. Luciferase Reporter Gene Analysis. We forecasted the
binding sites between FoxO3a andmiR-155. MiR-155mimic
or miR-155-NC was co-transfected into hASMCs with a
pmirGLO vector (E1330) ofered by Promega (USA)
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containing WT or MUT 3′-UTR of FoxO3a utilizing
Lipo6000. After 48 h, to assess the luminescence signal, we
used Dual-Lucy Assay Kit (D0010, Solarbio, China).

2.16. Statistical Analysis. All analyses were computed uti-
lizing SPSS 16.0 software. Te diferences among multiple
groups were compared via one-way ANOVA followed by an
SNK test when data satisfed a normal distribution. Krus-
kal–Wallis H test was performed for those with uneven
variance. Data were indicated as mean± SD. Statistically,
P< 0.05 was meaningful.

3. Results

3.1. Te Base Peak Chromatograms of WSYQKL.
UPLC-Q/TOF-MS was employed to qualitatively identify
the chemical components of WSYQKL. Te total ion
chromatogram of WSYQKL was displayed in Figure 1(a)
(positive ion mode) and Figure 1(b) (negative ion mode).
Table S1 presented 47 kinds of the chemical composition
information of WSYQKL in ESI+ mode. Table S2 presented
42 kinds of components of WSYQKL in ESI− mode.

3.2. WSYQKL-Containing Serum Inhibited Cell Proliferation
on CSE-Mediated HASMCs. We frst treated hASMCs with
20% FBS and 20% NRS. As displayed in Figure 2(a),
hASMCs viability in the 20% FBS group and 20%NRS group
was higher relative to the serum-free group, and there was no
diference between the two groups. Terefore, 20% NRS can
be used instead of 20% FBS (P< 0.01). Next, by performing
CCK-8 and EdU staining experiments, 2.5% CSE induced
the decrease of hASMCs viability and promoted the EdU-
positive cell levels, while the medicine serum of WSYQKL
efectively reversed its efect in a concentration-dependent
manner (Figures 2(b) and 2(c), P< 0.05).

3.3.WSYQKL-ContainingSerumInhibitedMigrationonCSE-
Triggered HASMCs. To check the role of WSYQKL on the
migration of hASMCs induced by CSE, we conducted a
Transwell assay and scarifcation assay. Te results dem-
onstrated that 2.5% CSE obviously facilitated the migration
of hASMCs (Figures 3(a) and 3(b), P< 0.01). More im-
portantly, we discovered that the medicine serum of
WSYQKL strongly alleviated the migration of hASMCs
induced by CSE in a concentration-dependent manner
(Figures 3(a)and 3(b), P< 0.01).

3.4. WSYQKL-Containing Serum Decreased Levels of Prolif-
eration-Related Markers on CSE-Triggered hASMCs. In this
part, immunol cytochemistry was applied to examine the
positive expressions of Ki67 and PCNA. We found an up-
regulation of Ki67 and PCNA in hASMCs induced by CSE
(Figure 4(a), P< 0.05). Te medicine serum of WSYQKL
down-regulated the expressions of Ki67 and PCNA in
hASMCs induced by CSE with the increase of concentration
(Figure 4(a), P< 0.05). Te same results were found in the
western blot assay (Figure 4(b), P< 0.05). Furthermore, the

levels of p21, p27, and FoxO3a in the 2.5% CSE group were
lower relative to the control group (Figure 4(b), P< 0.01).
Temedicine serum ofWSYQKL enhanced the levels of p21,
p27, and FoxO3a in HASMCs induced by CSE with the
increase in concentration (Figure 4(b), P< 0.05).

3.5. WSYQKL-Containing Serum Reversed the Proprolifer-
ative Efect of miR-155 Mimic and si-FoxO3a on CSE-Medi-
ated HASMCs. As presented in Figure 5(a), the qRT-PCR
results described that a remarkable increase of miR-155 in
CSE-treated hASMCs was found, while the medicine serum
of WSYQKL counteracted its efect (P< 0.05). To probe
whether WSYQKL afects the efect of miR-155 mimic or si-
FoxO3a on CSE-mediated hASMCs, we conducted a series
of cell experiments. MiR-155 mimic or si-FoxO3a notably
advanced CSE-treated HASMC viability and proliferation,
whereas the medicine serum of WSYQKL partially ofset
miR-155 mimic or si-FoxO3a-mediated facilitating efect
(Figures 5(b) and 5(c), P< 0.05).

3.6. WSYQKL-Containing Serum Reversed miR-155 Mimic
and si-FoxO3a Induced Migration on CSE-Mediated
HASMCs. To observe the migration ability of hASMCs in
each group, we performed a transwell assay and scarifcation
assay. As illustrated in Figures 6(a) and 6(b), miR-155 mimic
or FoxO3a silencing extremely enhanced cell migration in
hASMCs induced by CSE (P< 0.05). Additionally, we dis-
covered that WSYQKL-containing serum neutralized the
facilitation of miR-155 mimic or FoxO3a silencing on CSE-
triggered HASMC migration (Figure 6(a) and 6(b),
P< 0.05).

3.7. WSYQKL-Containing Serum Reversed miR-155 Mimic
and si-FoxO3a InducedProliferation-RelatedMarkerLevels in
CSE-TriggeredHASMCs. In this part, miR-155 mimic, miR-
155_NC, miR-155 inhibitor_NC, and miR-155 inhibitor
were transfected into hASMCs. We discovered that miR-155
mimic efectively weakened FoxO3a level and miR-155 in-
hibitor slightly elevated FoxO3a expression in hASMCs
(Figure 7(a), P< 0.01). In Figure 7(b), miR-155 mimics
largely repressed the luciferase activity of FoxO3a WT but
not that of FoxO3a Mut (P< 0.01). Te results described by
western blot that miR-155 mimic or FoxO3a silencing up-
regulated the levels of PCNA and Ki67 and down-regulated
the levels of p21, p27, and FoxO3a in CSE-triggered
hASMCs, which was partially ofset byWSYQKL-containing
serum (Figure 7(c), P< 0.05).

4. Discussion

COPD can increase the risk of cardiovascular disease and
has become the third leading reason of human death
worldwide [18]. Te occurrence of COPD is afected by
external environmental factors and genetic factors; smoking
is the commonest risk factor for COPD [19]. At present, the
treatment schemes for COPD mostly take drugs, smoking
cessation, and psychotherapy; oxygen inhalation and
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Figure 1: Te base peak chromatograms of chemical components of WSYQKL in UPLC-Q/TOF-MS analysis. (a) Base peak ion chro-
matogram of WSYQKL in positive mode. (b) Base peak ion chromatogram of WSYQKL in negative mode.
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Figure 2: Efects of the WSYQKL-containing serum on cell proliferation in CSE-mediated HASMCs. (a) Cell counting kit-8 was utilized to
measure the cell viability of HASMCs treated with Dulbecco’s Modifed Eagle’s Medium supplemented with serum-free (SF), 20%FBS, and
20% normal rat serum (NRS). (b) Cell viability of CSE-mediated HASMCs with 20%WSYQKL-containing serum treatment was measured
using a CCK-8 assay. (c) Cell proliferation of CSE-mediated HASMCs with 20% WSYQKL-containing serum treatment was assessed by
EdU assay. ∗P< 0.05, ∗∗P< 0.01vs SF or 2.5% CSE group.
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Figure 3: Efects of the WSYQKL-containing serum on cell migration in CSE-mediated HASMCs. Cell migration of CSE-mediated
HASMCs with 20% WSYQKL-containing serum treatment was assessed using the (a) Transwell and (b) wound healing assays. ∗P< 0.05,
∗∗P< 0.01vs 2.5% CSE group.
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hormone therapy are required in severe cases, which afect
the quality of life of patients [20,21].Terefore, it is necessary
to fnd an efective way to diagnose COPD.

Te proliferation of ASMCs can cause tracheal wall
thickening, airway remodeling, and hyperresponsiveness,
which is one of the major pathogenesis of COPD [22]. Tus,
probing the proliferation of ASMCs exhibits a signifcant
efect on airway infammation and airway remodeling of
COPD. In the report of ASMCs cultured in vitro, it was
uncovered that a certain concentration of CSE advanced the
proliferation of ASMCs [23]. Our data were consistent with
the previous study. Our study further pointed out that 2.5%
of CSE obviously facilitated the migration of hASMCs.
Importantly, this research frst proved the modulation of
WSYQKL on CSE-mediated hASMCs at the cellular level.
Te medicine serum of WSYQKL strongly alleviated the
proliferation and migration of hASMCs induced by CSE,
indicating that WSYQKL can alleviate the risk of COPD
deterioration by weakening the proliferation and migration.

It has been reported that FoxO3a signaling is involved in
the modulation of important activities such as cell prolif-
eration, apoptosis, and migration [24,25]. FoxO3a activation
can advance the expression of cell cycle inhibitory proteins
p21 and p27, and afect cell proliferation and apoptosis
[26,27]. By reviewing the literature, it was found that CSE

induced the expressions of Ki67, PCNA, and p21 in bron-
chial epithelial cells and down-regulated the expression of
FoxO3a in human lung adenocarcinoma cells [28,29].
Wylam et al. clarifed that there was a high expression of
PCNA in CSE-stimulated ASMCs [30]. Impaired FoxO3a
activity has been described by some scholars as one of the
intracellular responses activated by CSE [31]. Another study
pointed out that FoxO3a was underexpressed in the lung
tissue of COPD patients [32]. To further probe whether the
antiproliferative and antimigratory efects of WSYQKL on
CSE were due to the modulation of FoxO3a, we established
FoxO3a-silenced hASMCs. Our fndings found that
WSYQKL-containing serum weakened the proliferation and
migration of CSE-triggered hASMCs by repressing PCNA
and Ki67 levels and advancing p21, p27, and FoxO3a levels,
while FoxO3a silencing neutralized its efect.

By searching the literature on the relationship between
FoxO3a and COPD, it was found that the Bufei Yishen
formula protected COPD rats from PM2.5-mediated oxi-
dative stress injury by modulating the miR-155/FoxO3a axis
[33]. Moreover, Wu et al. reported that overexpression of
miR-155 promoted the chronic intermittent hypoxia-in-
duced NLRP3 infammasome activation in renal tubular
cells [34]. Additionally, Hawez et al. revealed that miR-155
regulates the pulmonary formation of neutrophil
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Figure 4: Efects of the WSYQKL-containing serum on cell proliferation-related protein levels in CSE-mediated hASMCs. (a) Immu-
nohistochemical staining of Ki67 and PCNA in the CSE-mediated hASMCs treated with 20% WSYQKL-containing serum. Scale
bar� 50 μm. (b) Te expression of the cell proliferation-related proteins, PCNA, Ki67, p21, and p27, as well as FoxO3a, was detected by
western blotting after 20% WSYQKL-containing serum treatment. ∗P< 0.05, ∗∗P< 0.01vs 2.5% CSE group.
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Figure 5: Efects of the WSYQKL-containing serum on cell proliferation in CSE-mediated hASMCs with miR-155 overexpression or
FoxO3a knockdown. (a) Te expression of miR-155 in the CSE-mediated hASMCs treated with 20% WSYQKL-containing serum was
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CSE+ si-FoxO3a group.
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Figure 6: Efects of the WSYQKL-containing serum on cell migration in CSE-mediated hASMCs with miR-155 overexpression or FoxO3a
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Figure 7: Continued.
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extracellular traps in abdominal sepsis [35]. More impor-
tantly, miR-155 has been noted to be highly expressed in
COPD, while miR-155 defciency notably suppressed CSE-
mediated lung infammation [36]. In the current study, we
uncovered that CSE greatly enhanced the expression of miR-
155 in hASMCs, whereas WSYQKL-containing serum evi-
dently impeded the expression of miR-155 in hASMCs

triggered by CSE. Multiple studies have demonstrated that
FoxO3a is the target gene of miR-155 [37, 38]. Our study also
confrmed the targeting relationship between miR-155 and
FoxO3a. Furthermore, miR-155 mimic up-regulated the
levels of PCNA and Ki67 and down-regulated the levels of
p21, p27, and FoxO3a in CSE-triggered hASMCs, which was
partially ofset by WSYQKL-containing serum, indicating

Ki67

FoxO3a

GAPDH

p21

p27

PCNA

m
iR

-1
55

_N
C

m
iR

-1
55

 m
im

ic

si-
Fo

xO
3a

_N
C

si-
Fo

xO
3a

m
iR

-1
55

 m
im

ic
+

W
SY

Q
KL

-c
on

ta
in

in
g 

se
ru

m

si-
Fo

xO
3a

+
W

SY
Q

KL
-c

on
ta

in
in

g 
se

ru
m

2.5% CSE

PNCA Ki67 p21 p27 FoxO3a
0.0

0.5

1.0

1.5

*

2.5%CSE+miR-155 mimic

2.5%CSE+miR-155_NC

2.5%CSE+miR-155 mimic+20% WSYQKL-containing serum

2.5%CSE+si-FoxO3a_NC

2.5%CSE+si-FoxO3a

2.5%CSE+si-FoxO3a++20% WSYQKL-containing serum

**

##
** ##

**

**

##

##

*
*

#

**

**

##

##

Re
la

tiv
e p

ro
te

in
 le

ve
l

(c)

Figure 7: Efects of the WSYQKL-containing serum on cell proliferation-related protein levels in CSE-mediated HASMCs with miR-155
overexpression or FoxO3a knockdown. (a) Overexpression of miR-155 suppressed FoxO3a expression in HASMCs. (b) A predicted binding
site of miR-155 within the FoxO3a 3′-UTR region. Luciferase reporter assay was used to determine the direct interaction between miR-155
and FoxO3a 3′-UTR. (c) Western blotting was used to detect the PCNA, Ki67, p21, p27, and FoxO3a protein expression levels in CSE-
mediated hASMCs with 20% WSYQKL-containing serum treatment after transfection with miR-155 mimic or si-FoxO3a. ∗P< 0.05,
∗∗P< 0.01vs 2.5% CSE+miR-155 mimic group. #P< 0.05, ##P< 0.01vs 2.5% CSE+ si-FoxO3a group.

12 Evidence-Based Complementary and Alternative Medicine



that the antiproliferative and antimigrate efects of
WSYQKL on CSE-triggered hASMCs might be associated
with an upregulation of FoxO3a by repressing miR-155.

Taken together, WSYQKL could suppress CSE-mediated
proliferation and migration of hASMCs, and its mechanism
might be related to the modulation of the miR-155/FOXO3a
axis. Further study on the mechanism of WSYQKL mod-
ulating the miR-155/FOXO3a axis might become a novel
method for the treatment of COPD.

Data Availability

Te datasets used and/or analyzed during the current study
are available from the corresponding author upon reason-
able request.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

YC designed the experiment and obtained funding; LD,
HLL, and MJL performed the majority of experiments and
analyzed the data; LTZ and CHQ performed statistics; LD
wrote the paper. All authors have read and agreed to the
published version of the manuscript.

Acknowledgments

Te present study was supported by the Traditional Chinese
Medical Science and Technology Plan of Zhejiang Province
(Nos. 2020ZB105 and 2021ZA076) and the Medical Health
Science and Technology Project of Zhejiang Provincial
Health Commission (No. 2021KY226).

Supplementary Materials

Supplementary Table S1. Chemical composition information
of WSYQKL in ESI +mode. Supplementary Table S2.
Chemical composition information of WSYQKL in
ESI−mode. (Supplementary Materials)

References

[1] J. Vestbo, S. S. Hurd, A. G. Agust́ı et al., “Global strategy for
the diagnosis, management, and prevention of chronic ob-
structive pulmonary disease: GOLD executive summary,”
American Journal of Respiratory and Critical Care Medicine,
vol. 187, no. 4, pp. 347–365, 2013.

[2] C. F. Vogelmeier, G. J. Criner, F. J. Martinez et al., “Global
strategy for the diagnosis, management, and prevention of
chronic obstructive lung disease 2017 report. GOLD executive
summary,” American Journal of Respiratory and Critical Care
Medicine, vol. 195, no. 5, pp. 557–582, 2017.

[3] V. Kim and G. J. Criner, “Chronic bronchitis and chronic
obstructive pulmonary disease,” American Journal of Respi-
ratory and Critical Care Medicine, vol. 187, no. 3, pp. 228–237,
2013.

[4] M. Aubier, G. Tabut, F. Hamidi et al., “Airway smooth
muscle enlargement is associated with protease-activated
receptor 2/ligand overexpression in patients with difcult-to-

control severe asthma,” Te Journal of Allergy and Clinical
Immunology, vol. 138, no. 3, pp. 729–739.e11, 2016.

[5] J. L. Allen, “Airway function throughout the lifespan: pedi-
atric origins of adult respiratory disease,” Pediatr Investig,
vol. 3, no. 4, pp. 236–244, 2019.

[6] H. J. Kwak, D. W. Park, J. Y. Seo et al., “Te Wnt/β-catenin
signaling pathway regulates the development of airway
remodeling in patients with asthma,” Experimental and
Molecular Medicine, vol. 47, no. 12, p. e198, 2015.

[7] M. S. Eapen, S. Myers, W. Lu, C. Tanghe, P. Sharma, and
S. S. Sohal, “sE-cadherin and sVE-cadherin indicate active
epithelial/endothelial to mesenchymal transition (EMT and
EndoMT) in smokers and COPD: implications for new
biomarkers and therapeutics,” Biomarkers, vol. 23, no. 7,
pp. 709–711, 2018.

[8] A. Fazleen and T. Wilkinson, “Early COPD: current evidence
for diagnosis and management,” Terapeutic Advances in
Respiratory Disease, vol. 14, Article ID 175346662094212,
2020.

[9] H. Kume, M. Hojo, and N. Hashimoto, “Eosinophil infam-
mation and hyperresponsiveness in the airways as phenotypes
of COPD, and usefulness of inhaled glucocorticosteroids,”
Frontiers in Pharmacology, vol. 10, p. 765, 2019.

[10] A. Naveed, S. Ur-Rahman, S. Abdullah, and M. A. Naveed, “A
concise review of MicroRNA exploring the insights of
MicroRNA regulations in bacterial, viral and metabolic dis-
eases,” Molecular Biotechnology, vol. 59, no. 11-12,
pp. 518–529, 2017.

[11] W. Gu, Y. Yuan, L. Wang et al., “Long non-coding RNA
TUG1 promotes airway remodelling by suppressing the miR-
145-5p/DUSP6 axis in cigarette smoke-induced COPD,”
Journal of Cellular and Molecular Medicine, vol. 23, no. 11,
pp. 7200–7209, 2019.

[12] H. Yang, Y. Zhang, W. Li, C. Lao, M. Li, and Y. Zheng,
“Altered microRNA expression profles in lung damage in-
duced by nanosized SiO2,” Bioengineered, vol. 8, no. 1,
pp. 45–54, 2017.

[13] M. P. Rofel, K. R. Bracke, I. H. Heijink, and T. Maes, “miR-
223: a key regulator in the innate immune response in asthma
and COPD,” Frontiers of Medicine, vol. 7, p. 196, 2020.

[14] I. K. Sundar, D. Li, and I. Rahman, “Small RNA-sequence
analysis of plasma-derived extracellular vesicle miRNAs in
smokers and patients with chronic obstructive pulmonary
disease as circulating biomarkers,” Journal of Extracellular
Vesicles, vol. 8, no. 1, Article ID 1684816, 2019.

[15] T. Xiao, M. Ling, H. Xu et al., “NF-κB-regulation of miR-155,
via SOCS1/STAT3, is involved in the PM2.5-accelerated cell
cycle and proliferation of human bronchial epithelial cells,”
Toxicology and Applied Pharmacology, vol. 377, Article ID
114616, 2019.

[16] L. Luo, L. Yan, and H. Deng, “Efect of warming kidney and
Invigorating Qi Granule on quality of life and lung hyper-
infation in patients with stable COPD,” Zhejiang Journal of
Integrated Traditional Chinese and Western Medicine, vol. 27,
no. 12, pp. 1048–1050, 2017.

[17] H. Deng, K. Guan, and W. Cai, “Clinical observation on
treatment of chronic obstructive pulmonary disease in stable
stage with warming kidney and supplementing qi granule,”
Journal of Zhejiang Chinese Medical University, vol. 42, no. 04,
pp. 266–271, 2018.

[18] S. A. Quaderi and J. R. Hurst, “Te unmet global burden of
COPD,” Global Health, Epidemiology and Genomics, vol. 3,
p. e4, 2018.

Evidence-Based Complementary and Alternative Medicine 13

https://downloads.hindawi.com/journals/ecam/2022/4427637.f1.zip


[19] K. F. Rabe and H. Watz, “Chronic obstructive pulmonary
disease,” Te Lancet, vol. 389, no. 10082, pp. 1931–1940,
2017.

[20] M. C. Luley, T. Loleit, E. Knopf, M. Djukic, C. P. Criée, and
R. Nau, “Training improves the handling of inhaler devices
and reduces the severity of symptoms in geriatric patients
sufering from chronic-obstructive pulmonary disease,” BMC
Geriatrics, vol. 20, no. 1, p. 398, 2020.

[21] M. Contoli, L. Morandi, F. Di Marco, and M. Carone, “A
perspective for chronic obstructive pulmonary disease
(COPD) management: six key clinical questions to improve
disease treatment,” Expert Opinion on Pharmacotherapy,
vol. 22, no. 4, pp. 427–437, 2021.

[22] M. Zheng, W. Hong, M. Gao et al., “Long noncoding RNA
COPDA1 promotes airway smooth muscle cell proliferation
in chronic obstructive pulmonary disease,” American Journal
of Respiratory Cell and Molecular Biology, vol. 61, no. 5,
pp. 584–596, 2019.

[23] F. He, B. Li, Z. Zhao et al., “Te pro-proliferative efects of
nicotine and its underlying mechanism on rat airway
smooth muscle cells,” PLoS One, vol. 9, no. 4, Article ID
e93508, 2014.

[24] S. Huang, Y. Yue, K. Feng et al., “Conditioned medium from
M2b macrophages modulates the proliferation, migration,
and apoptosis of pulmonary artery smooth muscle cells by
deregulating the PI3K/Akt/FoxO3a pathway,” PeerJ, vol. 8,
Article ID e9110, 2020.

[25] C. Qian and Q. Liu, “FOXO3a inhibits nephroblastoma cell
proliferation, migration and invasion, and induces apoptosis
through downregulating the Wnt/β-catenin signaling
pathway,” Molecular Medicine Reports, vol. 24, no. 5, p. 796,
2021.

[26] X. Qiu and Y. Dou, “miR-1307 promotes the proliferation of
prostate cancer by targeting FOXO3A,” Biomedicine &
Pharmacotherapy, vol. 88, pp. 430–435, 2017.

[27] F. Li, X. Dong, P. Lin, and J. Jiang, “Regulation of akt/
FoxO3a/skp2 Axis is critically involved in berberine-in-
duced cell cycle arrest in hepatocellular carcinoma cells,”
International Journal of Molecular Sciences, vol. 19, no. 2,
p. 327, 2018.

[28] C. Di Sano, C. D’Anna, M. Ferraro et al., “Impaired activation
of Notch-1 signaling hinders repair processes of bronchial
epithelial cells exposed to cigarette smoke,” Toxicology Letters,
vol. 326, pp. 61–69, 2020.

[29] P. Bagam, G. Kaur, D. P. Singh, and S. Batra, “In vitro study of
the role of FOXO transcription factors in regulating cigarette
smoke extract-induced autophagy,” Cell Biology and Toxi-
cology, vol. 37, no. 4, pp. 531–553, 2021.

[30] M. E.Wylam, V. Sathish, S. K. VanOosten et al., “Mechanisms
of cigarette smoke efects on human airway smooth muscle,”
PLoS One, vol. 10, no. 6, Article ID e0128778, 2015.

[31] S. Di Vincenzo, C. Sangiorgi, M. Ferraro, M. Buscetta,
C. Cipollina, and E. Pace, “Cigarette smoke extract reduces
FOXO3a promoting tumor progression and cell migration
in lung cancer,” Toxicology, vol. 454, Article ID 152751,
2021.

[32] C. Gu, Y. Li, J. Liu et al., “LncRNA-mediated SIRT1/FoxO3a
and SIRT1/p53 signaling pathways regulate type II alveolar
epithelial cell senescence in patients with chronic obstructive
pulmonary disease,” Molecular Medicine Reports, vol. 15,
no. 5, pp. 3129–3134, 2017.

[33] J. Li, J. Wang, Y. Li et al., “Efective-component compatibility
of Bufei Yishen formula protects COPD rats against PM2.5-
induced oxidative stress via miR-155/FOXO3a pathway,”

Ecotoxicology and Environmental Safety, vol. 228, Article ID
112918, 2021.

[34] X. Wu, S. C. Chang, J. Jin, W. Gu, and S. Li, “NLRP3
infammasome mediates chronic intermittent hypoxia-
induced renal injury implication of the microRNA-155/
FOXO3a signaling pathwayfammasome mediates chronic
intermittent hypoxia-induced renal injury implication of
the microRNA-155/FOXO3a signaling pathway,” Journal
of Cellular Physiology, vol. 233, no. 12, pp. 9404–9415,
2018.

[35] A. Hawez, D. Taha, A. Algaber, R. Madhi, M. Rahman, and
H. Torlacius, “MiR-155 regulates neutrophil extracellular
trap formation and lung injury in abdominal sepsis,” Journal
of Leukocyte Biology, vol. 111, no. 2, pp. 391–400, 2022.

[36] E. G. De Smet, H. P. Van Eeckhoutte, F. Avila Cobos et al.,
“Te role of miR-155 in cigarette smoke-induced pulmonary
infammation and COPD,” Mucosal Immunology, vol. 13,
no. 3, pp. 423–436, 2020.

[37] Y. Wang, T. Feng, S. Duan et al., “miR-155 promotes f-
broblast-like synoviocyte proliferation and infammatory
cytokine secretion in rheumatoid arthritis by targeting
FOXO3a,” Experimental and Terapeutic Medicine, vol. 19,
no. 2, pp. 1288–1296, 2020.

[38] D. F. Liu, S. M. Li, Q. X. Zhu, andW. Jiang, “Te involvement
of miR-155 in blood pressure regulation in pregnant hy-
pertension rat via targeting FOXO3a,” European Review for
Medical and Pharmacological Sciences, vol. 22, no. 20,
pp. 6591–6598, 2018.

14 Evidence-Based Complementary and Alternative Medicine




