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Background: Polygonum cuspidatum is a Chinese medicine commonly used to treat phlegm-
heat asthma. However, its anti-asthmatic active ingredients and mechanism are still unknown. The
aim of this study was to predict the active ingredients and pathways of Polygonum cuspidatum and
to further explore the potential molecular mechanism in asthma by using network pharmacology.
Methods: The active ingredients and their targets related to Polygonum cuspidatum were seeked
out with the TCM systematic pharmacology analysis platform (TCMSP), and the ingredient-target
network was constructed. The GeneCards, DrugBank and OMIM databases were used to collect
and screen asthma targets, and then the drug-target-disease interaction network was constructed
with Cytoscape software. A target protein-protein interaction (PPI) network was constructed using
the STRING database to screen key targets. Finally, GO and KEGG analyses were used to identify
biological processes and signaling pathways. The anti-asthmatic effects of Polygonum cuspidatum
and its active ingredients were tested in vitro for regulating airway smooth muscle (ASM) cells
proliferation and MUCSAC expression, two main symptoms of asthma, by using Real-time PCR,
Western blotting, CCK-8 assays and annexin V-FITC staining.

Results: Twelve active ingredients in Polygonum cuspidatum and 479 related target proteins
were screened in the relevant databases. Among these target proteins, 191 genes had been
found to be differentially expressed in asthma. PPI network analysis and KEGG pathway
enrichment analysis predicted that the Polygonum cuspidatum could regulate the AKT,
MAPK and apoptosis signaling pathways. Consistently, further in vitro experiments demon-
strated that Polygonum cuspidatum and resveratrol (one active ingredient of Polygonum
cuspidatum) were shown to inhibit ASM cells proliferation and promoted apoptosis of ASM
cells. Furthermore, Polygonum cuspidatum and resveratrol inhibited PDGF-induced AKT/
mTOR activation in ASM cells. In addition, Polygonum cuspidatum decreased H,O, induced
MUCSAC overexpression in airway epithelial NCI-H292 cells.

Conclusion: Polygonum cuspidatum could alleviate the symptoms of asthma including
ASM cells proliferation and MUCSAC expression through the mechanisms predicted by
network pharmacology, which provides a basis for further understanding of Polygonum
cuspidatum in the treatment of asthma.
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Introduction
Bronchial asthma (asthma) is a common chronic respiratory airway inflammatory dis-

ease. Its clinical manifestations are airway inflammation, airway hyperresponsiveness
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and airway remodeling.'* Its incidence rate is increasing, and
it seriously affects human health and quality of life because of
the recurrence and the high cost of medical treatment.
Currently, some patients with refractory asthma cannot be
effectively controlled by corticosteroid treatment. Therefore,
it is necessary to develop alternative treatments for asthma.
Clinical findings show that the use of traditional Chinese
medicine (TCM), a type of alternative medicine, has achieved
good clinical effects.” > As a supplementary medicine, TCM
has been increasingly applied in the treatment of asthma, and
the treatment is effective, with few side effects.®

The herbal Polygonum cuspidatum (huzhang) has been
recorded in many medical books. It has the effects of
clearing away heat and phlegm, relieving cough, relieving
asthma, dispersing blood stasis and relieving pain.’
Several studies indicate that Polygonum cuspidatum has
the effects of inhibiting liver fat accumulation, preventing
diabetes, treating gout arthritis, and treating ulcerative
colitis and cancer.* '? Polygonum cuspidatum is a herbal
medicine commonly used to treat phlegm-heat asthma.
Our previous study showed that the Chinese herbal Qi-
xian decoction (containing Polygonum cuspidatum) exhib-
ited therapeutic effects for asthma treatment.'* However,
the mechanism of the treatment in asthma by Polygonum
cuspidatum has not been elucidated. Therefore, this study
aims to assess the effects of Polygonum cuspidatum on
asthma and determine its biological targets and molecular
mechanism to provide a scientific reference for further
research.

As we know, the complex composition and unclear
mechanism of herbs limit its further application. Numerous
experiments are needed to screen the active ingredients and
potential targets usually. Network pharmacology provides
a new method and new concept for natural herbs to study
the mechanisms of certain ingredient by computational phar-
macology from existed research results. Network pharma-
cology assumes that the pharmacological effect of drugs is
generated by inducing a change in the interaction network of
biological macromolecules in organisms, in addition to spe-
cific drug target interactions. This is compatible with the
overall concept of traditional Chinese medicine and the
multiple targets of traditional Chinese medicine treatment,
which provides a great opportunity for the modernization of
traditional Chinese medicine.

Here, we performed a network pharmacologic analysis of
Polygonum cuspidatum in asthma treatment. Then, we vali-
dated the results obtained from the network pharmacology
prediction and explored the molecular mechanism of

Polygonum cuspidatum and its active ingredients in prevent-
ing asthma symptoms including airway smooth muscle
(ASM) cells proliferation and MUCS5AC overexpression.
This is the first study to investigate the underlying mechanism
of Polygonum cuspidatum for the treatment of asthma by
and

network  pharmacology = methods experimental

verification.

Materials and Methods
Selection of the Active Ingredients from
Polygonum cuspidatum and Construction

of the “Ingredient-Target” Network
TCMSP  (http:/Isp.nwu.edu.cn/tcmsp.php) was used for
a search of Polygonum cuspidatum ingredients according to

the following screening conditions: oral bioavailability (OB)
> 30% and drug-like (DL) > 0.18;'* the results were then
combined with the corresponding literature search results,'>'®
and the active ingredients of Polygonum cuspidatum were
screened. Then, TCMSP was used to screen the predicted
target proteins of the active ingredients, and the UniProt net-

work platform (https://www.uniport.org/) was used to inte-

grate the targets protein, which were imported into Cytoscape
3.7.2 software to construct the “ingredient-target” network.

Screening of Asthma Targets and
Construction of a “Disease-Target”

Network

The DrugBank (https://www.drugbank.ca/), Genecards
database (https://www.genecards.org/) and OMIM data-
base (https://www.omim.org/) were used to search for

asthma-related targets by using “asthma” as the key

word. The target proteins were integrated through
UniProt, and the results were imported into Cytoscape

3.7.2 software to build the “disease-target” network.

Construction of the “Drug-Target-
Disease” Network Involved in the
Treatment of Asthma with Polygonum

cuspidatum

To clarify the interaction between the active ingredient
targets of Polygonum cuspidatum and asthma targets, the
identified “ingredient targets” and “disease targets” were
mapped with Venny 2.1. Then, the intersection of the two
groups of targets was used to determine the common
targets of the active ingredient of Polygonum cuspidatum
and disease, which was then imported into Cytoscape 3.7.2
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software to generate the network, and the “drug-target-
disease” visualization was constructed.

Construction of the PPl Network and

Core Target Selection

The interactions between proteins are the basis of human life
activities and are also important in exploring the molecular
mechanisms of the body. To clarify the interaction between
drugs and disease intersection targets, we used the STRING
platform (https://string-db.org/) to screen the interactions
between the targets, build a PPI network, and study disease
classification from a systematic perspective to identify the

mechanism and to discover new drug targets. Finally, the
core targets were screened according to the degree
parameter.'” Proteins with high values were considered to
occupy the core positions in the PPI network and were more
likely to serve as key core targets.

KEGG Pathways of Potential Targets of
Polygonum cuspidatum in the Treatment of
Asthma

R software version 3.6.2 and the Bioconductor software
package were used to preprocess the intersection target
proteins of the “drug-target-disease” network, and the

CEINT3

Bioconductor software packages “dose”, “clusterprofiler”
and “pathview” were installed to analyze the KEGG path-
ways, determine the significance (P<0.05), and draw the
bubble chart. In the bubble chart, the p.adjust value indi-
cates the significance, and a larger circle indicates
a greater number of enrichment targets and the greater

importance of a signaling pathway.

Reagents

The reagents used in the study were as follows: DMEM
(Thermo Fisher scientific, Waltham, MA, USA), fetal
bovine serum (Thermo Fisher Scientific, USA), Cell
Counting Kit-8 and Annexin-V apoptosis detection kit
(Dojindo, Kumamoto, Japan), LY294002 (Selleck,
Houston, USA) and rapamycin (Selleck, USA), BCA pro-
and Cell
Biotechnology, Jiangsu, China), antibodies against p-AKT,
p-mTOR (Cell Signaling Technology, Danvers, USA), anti-
bodies against B-actin (Abcam, Cambridge, USA), HRP-
linked antibody (Cell Signaling Technology, USA),
Recombinant Rat PDGF-BB (PeproTech, USA), resveratrol
(Sigma, St. Louis, MO, USA), quercetin (Selleck, USA),

tein assay Kkit, lysis reagent (Beyotime

polydatin (Absin, Shanghai, China), Polygonum cuspida-
tum (Lys Pharmaceutical Co., Ltd, Shanghai, China).

Preparation and Characterization of
Polygonum cuspidatum Extraction (PCE)

Four liters of water were added to 100 g of Polygonum
cuspidatum. After maceration for 1h, the herbs were boiled
and concentrated to 0.8 L. The concentrated decoction was
then filtrated to remove insoluble sediment and used for
in vitro study. The concentrations of resveratrol in the PCE
were determined by HPLC method. Thermo U3000 HPLC
system and Waters XTerra C18 column were used. With
water as mobile phase A and acetonitrile as mobile phase
B, elution gradients were as follows: 0-20 min (15%-32.5%
B), 2021 min (32.5%-15% B), 25 min (15% B), and column
temperature was set at 35°C. The flow rate was 1.0 mL/min
and the detection wavelength was set at 290 nm.

Isolation, Culture and ldentification of Rat
ASM Cells

The isolation of ASM cells was performed according to
a previously reported method with some modifications.'®
All animal experiments were performed in accordance
with the NIH Guide for the Care and Use of Laboratory
Animals and the procedures were subject to approval by
the Institutional Animal Care and Use Committee, Putuo
Hospital, Shanghai University of Traditional Chinese
Medicine. Sprague-Dawley (SD) rats were anaesthetized
with pentobarbital sodium, and the trachea was isolated
aseptically and washed with normal saline (containing
100 uw/mL penicillin and 100 u/mL streptomycin). The
trachea was transferred to DMEM with 20% FBS, and
the outer membrane was peeled away carefully with
aseptic cotton. The smooth muscle was isolated, cut
into sections of 1-2 mm in cubic size, and cultured
upside down for 4 h in culture flasks with DMEM with
20% FBS in an incubator at 37°C in 5% CO,. The
culture medium was changed every 3 days. The ASM
cells were purified by differential attachment to remove
fibroblasts and identified by immunofluorescence stain-
ing using an anti-a-SMA antibody. ASM cells were
maintained in DMEM (Thermo Fisher Scientific,
Waltham, MA, United States) supplemented with 10%
foetal bovine serum, penicillin, and streptomycin. Cells

were maintained in an incubator at 37°C with 5% CO,.
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Cell Viability Assays

Cell viability was monitored by using a Cell Counting Kit-8
(CCK-8, Dojindo, Japan) according to the manufacturer’s
instructions. Briefly, cells were seeded at a density of 1x10*
cells/well in 96-well plates, and incubated in DMEM supple-
mented with FBS overnight. Cells were treated with various
concentrations of resveratrol or quercetin, or LY294002 for the
indicated time in DMEM with 2% FBS and appropriate con-
trols were treated with DMSO at the same concentrations.
CCK-8 solution (100pL) was added to each well for 2h and
optical density was measured at 450nm to estimate viable cells.

Cell Apoptosis Assays

The Annexin V-FITC Apoptosis Detection Kit (Dojindo,
Japan) was utilized according to the manufacturer’s protocol.
In brief, floating and harvested cells were mixed, washed
twice with PBS and resuspended in binding buffer. Annexin
V-FITC (5pL) were added to 100pL of the cell suspension
containing 10° cells. The cell suspension was mixed and then
incubated for 15 min at room temperature in the dark.
Subsequently, 400uL of binding buffer were added and
cells were analyzed by flow cytometry using Calibur.

Real-Time Quantitative PCR

The total RNA was isolated using Trizol reagent (TaKaRa,
Dalian, China) and first-strand cDNAs were prepared using
the First-Strand Synthesis Kit (TaKaRa, Dalian, China).
Realtime PCR was performed using Master Mixer
(TaKaRa, Dalian, China) and specific forward and reverse
primers (Table 1). The relative expression levels of the target
gene were normalized against B-actin analyzed via the 24"
method ACt =(Ct arget —Ct actin) and ACt =(Ct targer=Ct actin)-

Western Blots

Western blot analysis was carried out according to published
methods."” Cells were washed once PBS and dissolved in
cell lysis reagent (Cell Signaling Technology, USA). Total
protein was separated with 10% SDS-PAGE, followed by
transfer to a PVDF membrane. The PVDF membrane was
blocked with 5% BSA, washed three times with TBST, and

Table | Sequences of Primers

Primers Sequences

MUCS5AC-F 5- GCTTCCTGCTCCGAGATGT-3
MUCS5AC-R 5- AAGACGCAGCCCTCATAGAA-3
B-actin-F 5-CCAACCGCGAGAAGATGA-3
B-actin-R 5-CCAGAGGCGTACAGGGATAG-3

then incubated with the indicated antibodies separately over-
night at 4°C. The membrane was then washed with TBST
three times followed by incubation with anti-rabbit IgG
horseradish peroxidase secondary antibody (Cell Signaling
Technology, USA) for 2h at room temperature. Finally,
immunoreactive bands were visualized with ECL reagent.
Comparative protein expression levels were quantified by
using Image J software and normalized to B-actin.

Statistical Analysis

The SPSS version 22.0 software and GraphPad Prism 8.0 were
used for data analysis. The results were expressed in the form
of mean =+ standard deviation (SD). Student’s #-test, one-way
ANOVA or two-way ANOVA methods were used.
Statistically significant differences were defined as p<0.05.

Results
Active Ingredients of Polygonum
cuspidatum and Construction of a “Drug-

Target-Disease” Network

The flowchart of the whole study design is illustrated in
Figure 1. According to the criteria of OB > 30% and DL>
0.18 in the TCMSP database, 10 key active ingredients and
324 related target proteins of Polygonum cuspidatum were
obtained. Another 2 active ingredients, namely, resveratrol
and polydatin, were also included for further analysis accord-
ing to previous studies.'>?° Finally, 12 active ingredients of
Polygonum cuspidatum were selected for further protein target
prediction (Table 2). The main active ingredients were quer-
cetin, resveratrol, luteolin, beta-sitosterol and physiovenene.
A total of 5208 asthma-related target proteins were screened
from the DrugBank, GeneCards database and OMIM data-
base. A total of 191 asthma-related target proteins were iden-
tified from the intersection of drugs and diseases (Figure 2A,
Table S1). The abovementioned active ingredients, drug-
targeted proteins and drug-disease-targeted proteins were
imported into Cytoscape 3.7.2 software for network visualiza-
tion, and the “drug-target-disease” network was built (Figure
2B). From the Figure 2B, we could know resveratrol is the first
active ingredients of the enrichment target genes, which indi-
cated the predominant and primary bioactive substances
mediated the anti-asthmatic effects of Polygonum cuspidatum.

PPl Network Construction and Core

Target Selection
The 191 intersection targets were inputted into STRING to
analyze the correlation between them and to build a PPI
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Figure | Entire study design based on network pharmacology and experimental verification.

visualization network (Figure 3A, Table S1). According to the
distribution of the network degree, the core target proteins in the
PPI network were obtained, and the first 30 core targets were
screened (Figure 3B). The main core targets included AKT1, IL-
6, VEGFA, mapk3, CASP3, Jun, mapk8, EGFR, Myc, and
STAT3. Therefore, these targets may be the key therapeutic
targets of Polygonum cuspidatum in the treatment of asthma.
Among the main core targets, AKT was the highest one.

Enrichment Analysis of the KEGG
Pathways Involved in the Treatment of
Asthma with Polygonum cuspidatum

After the enrichment analysis of the KEGG pathways, 165
signaling pathways were obtained. According to the num-
ber of enriched genes and the p.adjust value, the first 20

pathways were screened (Figure 4). Among these

Table 2 Main Active Ingredients and Target Numbers of Polygonum cuspidatum

Mol ID Molecule Name OB (%) DL Target
MOLO13281 6,8-Dihydroxy-7-methoxyxanthone 35.83 0.21 13
MOLO013287 Physovenine 106.21 0.19 38
MOLO013288 Picralinal 58.01 0.75 4
MOL002259 Physciondiglucoside 41.65 0.63 |
MOL002268 Rhein 47.07 0.28 7
MOL002280 Torachrysone-8-O-beta-D-(6'-oxayl)-glucoside 43.02 0.74 |
MOL000358 Beta-sitosterol 3691 0.75 38
MOL000492 (+)-catechin 54.83 0.24 I
MOL000006 Luteolin 36.16 0.25 57
MOL000098 Quercetin 46.43 0.28 154
MOLO13289 Polydatin 21.44 0.5 4
MOLO012744 Reveratrol 19.07 0.11 151
Drug Design, Development and Therapy 2021:15 submit your manuscript 1079
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Figure 2 Disease and active ingredient intersection targets. (A) Intersection target Venn diagram. (B) “Drug-target-disease” network.

pathways, the AKT pathway had the highest protein
enrichment, and the apoptosis pathway was the most sig-
nificant, with the largest p.adjust value. This showed that
Polygonum cuspidatum was involved in a multitarget and
multichannel network. Among the involved proteins, the
highest number involved was the PI3K-AKT signaling
pathway, which was enriched in 42 target proteins (Table
S2). This shows that the main signaling pathway of
Polygonum cuspidatum involved in the treatment of

asthma may be the AKT signaling pathway.

Polygonum cuspidatum Extraction Inhibits
PDGF-Induced Proliferation of ASM Cells
and AKT/mTOR Activation

According to enrichment results of the KEGG signaling
pathway analysis, we found that AKT signaling path-
way played a key role in the effects of Polygonum
cuspidatum. It had been reported AKT activation
played an important role in the pathogenesis of asthma,
such as by promoting ASM cell proliferation.”?’ We
then verified whether Polygonum cuspidatum showed
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Figure 3 The key therapeutic targets of Polygonum cuspidatum in the treatment of
asthma. (A) PPI visualization network. (B) Thirty core target selections. High value
and high betweenness proteins are considered to occupy the core positions in the
PPI network and are more likely to serve as key core targets.

an inhibitory effect on ASM proliferation. We used
CCK-8 assays to analyse the effect of Polygonum cus-
pidatum extraction on the proliferation of ASM cells
induced by platelet-derived growth factor (PDGF)-BB
(a well-known ASM mitogen that promotes ASM pro-
liferation). As showed in Figure 5, PDGF treatment
proliferation of ASM
Polygonum cuspidatum extraction significantly inhib-
ited the proliferation of ASM cells
dependent manner (Figure 5A). According to the net-

promoted the cells, and

in a dose-

work pharmacology analysis, the apoptosis pathway
was found to be another significant pathway involved
in the treatment of asthma with Polygonum cuspidatum
(Figure 4 Table 2). Therefore, we examined cell apop-
tosis changes after Polygonum cuspidatum extraction
treatment. We found that the apoptosis rate of ASM
cells was increased after

markedly Polygonum

cuspidatum extraction treatment (Figure 5B and C).
These results showed that Polygonum cuspidatum
extraction could inhibit the proliferation of ASM cells
induced by PDGF and induced apoptosis of ASM cells.

Polygonum cuspidatum Extraction Inhibits
PDGF-Induced AKT/mTOR Activation in
ASM Cells

We found that PDGF-BB significantly increased the phos-
phorylation levels of AKT and mTOR after 1 h and 5
h compared with those in the control group (Figure 6A—
C). Subsequently, we treated ASM cells with an AKT
inhibitor (LY294002, 10 pM) and an mTOR inhibitor
(rapamycin, 500 nM) for 5 h and found that inhibition of
the AKT and mTOR signaling pathways suppressed the
PDGF-induced proliferation of ASM cells (Figure 6D).
Then, we treated ASM cells with PDGF plus Polygonum
cuspidatum extraction (0.25 mg/mL, 0.5 mg/mL, 1 mg/
mL, 2 mg/mL), and found that Polygonum cuspidatum
extraction could reduce the activation of AKT and
mTOR induced by PDGF (Figure 7). These results indi-
cated that the effects of Polygonum cuspidatum on ASM
cell proliferation are associated with the AKT/mTOR sig-
naling pathway.

Polygonum cuspidatum Extraction Inhibits
H,0O;-Induced MUCS5AC Overexpression
in Airway Epithelial NCI-H292 Cells

Based on enrichment results of the KEGG signaling path-
way analysis, MAPK signaling pathway was another
important target pathway of Polygonum cuspidatum.
Several studies reported that asthma associated risk fac-
tors could cause pathologic activation of MAPK pathway
leading to aggravation of symptoms of asthma such as
MUCS5AC overexpression.”** We then investigated the
role of Polygonum cuspidatum on MUCSAC expression
in airway epithelial NCI-H292 cells. We treated NCI-
H292 cells with H,O, to induce MUCAC expression
and activation of MAPK signaling pathway as previously
described by Jang et al,>> and found that upregulation of
MUCSAC mRNA expression levels were reduced after
Polygonum cuspidatum extraction treatment (Figure 8).
These results suggested that Polygonum cuspidatum
effectively inhibited H,O,-induced MUCSAC in NCI-
H292 cells.
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Figure 4 Enrichment analysis of KEGG pathways. (A) According to the p.adjust value of targets, the first 20 signaling pathways were involved in the treatment of asthma
with Polygonum cuspidatum. In the bubble chart, the p.adjust value indicates significance, and the larger circles indicate a greater number of enrichment targets and the redder
circles indicate greater significant targets. (B) According to the number of targets, the first 20 signaling pathways were involved.

Resveratrol Inhibit PDGF-Induced
Proliferation and AKT/mTOR Activation
in ASM Cells

Through the analysis of network pharmacology and related
literature, resveratrol was found to have the most enrich-
ment targets in polygonum cuspidatum. We then investi-
gated whether the equivalent doses of resveratrol in
Polygonum cuspidatum could have above biological
effects. The
Polygonum cuspidatum extraction were determined by
HPLC. Four doses (0.25 mg/mL, 0.5 mg/mL, 1 mg/mL,
2 mg/mL) of Polygonum cuspidatum were used for in vitro

concentrations of resveratrol in the

study, and the corresponding doses of resveratrol were
6.25 uM, 12.5 uM, 25 uM and 50 pM. As showed in
Figure 9, resveratrol significantly inhibited PDGF induced
proliferation of ASM cells in a dose-dependent manner
and promoted cell apoptosis at a high dose. Furthermore,
the activation of AKT and mTOR induced by PDGF was
markedly decreased after resveratrol treatment (Figure 10).
These results showed that resveratrol was one of the
important active ingredients in Polygonum cuspidatum to
inhibit ASM cells proliferation.

Discussion

Polygonum cuspidatum has been applied to treat phlegm-
heat asthma in China. However, to date, few studies have
been conducted the anti-asthmatic active ingredients and
mechanism of Polygonum cuspidatum. In this study, we
built a “Polygonum cuspidatum-targets-asthma” network.

Based on network pharmacology analysis, we identified
the potential mechanisms of the anti-asthmatic effects of
Polygonum cuspidatum and explored the possible active
ingredients involved in preventing asthma. Moreover, our
in vitro study demonstrated that Polygonum cuspidatum
and its active ingredients resveratrol could alleviate
asthma symptoms including inhibiting ASM cell prolifera-
tion and MUCS5AC overexpression, indicating a promising
anti-asthmatic mechanism and target of Polygonum cuspi-
datum for asthma treatment.

In this study, 12 active ingredients of Polygonum cus-
pidatum were selected for further analysis. Through the
analysis of network pharmacology and related literature,
resveratrol were found to have the most enrichment targets
Figure 2B).
Resveratrol was originally extracted from the roots of

in  Polygonum cuspidatum (Table 1,
Polygonum cuspidatum and is also found in red wine,
grapes, and peanuts.”* Moreover, resveratrol is the most
studied monomer of Polygonum cuspidatum and is one of
the major ingredients in Polygonum cuspidatum extract.'>
Pan et al reported that 7 ingredients were identified from
the crude extract of Polygonum cuspidatum using the
UPLC-MS/MS method, including resveratrol.”> Several
studies have suggested that resveratrol can help control
the symptoms of asthma and improved the effectiveness of
corticosteroid drug treatment in an asthma model. For
example, the anti-inflammatory effects of resveratrol in
asthma were associated with the inhibition of the produc-
tion of inflammatory cytokines such as IL-4, IL-5 and IL-
13, the inhibition of TLR4/NFkB and the regulation of

submit your manuscript

1082

Dove

Drug Design, Development and Therapy 2021:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Bi et al
Control PCE 0.25 PCE 0.5
“ 150 120
0.68%| 2.31%| ™ 2.85%
-: —e w0 —t —
<t 0 °
N L 60
r— 50
E 30 30
: et 0 0 L
< ¢} PCE 1 PCE 2
—
\ © " 8.63% 11.9%
q ) .63%| 9%
(@) N “
- >
Annexin-V

20+
*%
2 15+
E **
)
2 10-
I3
2
< 54 ns ns
0_
AN
&° Q‘f’ NS 0@\ o@"

Figure 5 The effect of Polygonum cuspidatum extraction on ASM cells proliferation and apoptosis. (A) ASM cells were treated with PDGF (10 ng/mL) and Polygonum
cuspidatum extraction (0.25 mg/mL, 0.5 mg/mL, | mg/mL and 2 mg/mL) at different concentrations alone or in combination for 24h. Cell proliferation was detected by CCK-
8. The data were expressed as mean * SD (n=6) of each group. (B, C) ASM cells were treated with Polygonum cuspidatum extraction (0.25 mg/mL, 0.5 mg/mL, | mg/mL and
2 mg/mL) for 24h. The apoptosis of ASM cells were detected by Annexin-V staining. The data were expressed as mean + SD (n=3) of each group. ™ P>0.05 vs PDGF group
or control group and ** P<0.01 vs PDGF group or control group, #P<0.01vs control group.

miRNA-34a.'%262° These results were consistent with
some previous reports that Polygonum cuspidatum has
anti-inflammatory activities.***! In this study, we demon-
strated that Polygonum cuspidatum and the equivalent
doses of resveratrol exerted good anti-proliferation effects
on ASM cells and promoted apoptosis. In asthmatic
patients, ASM cells show excessive growth and insuffi-
cient apoptosis. The imbalance in ASM cells proliferation
and apoptosis is closely linked to airway remodelling in
asthma. Therefore, based on our results, it is likely that
resveratrol is one of the important active ingredients of
Polygonum cuspidatum to inhibit ASM cells proliferation.

Meanwhile our study demonstrated that Polygonum
cuspidatum extraction at a dose of 0.5 mg/mL inhibited
the proliferation of ASM cells induced by PDGF but the
equivalent dose of resveratrol (12.5 pM) did not. This
suggested that other ingredients in Polygonum cuspidatum
might participate in the proliferation inhibition of ASM
cells. According to the analysis of the results of network
pharmacology, quercetin in Polygonum cuspidatum has
good oral bioavailability and drug-like properties, and
most target proteins are enriched, which may also play
a key role in the treatment of asthma (Table 1, Figure 2B).
We found that quercetin at high dose (100uM) could
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Figure 6 PDGF induced ASM cells proliferation by activating AKT/mTOR pathway. (A—C) ASM cells were treated with PDGF (10ng/mL) for Ih, 5h, and 12h. The expression
levels of p-AKT and p-mTOR were analyzed by Western blotting. The relative protein levels of P-AKT and P-mTOR were calculated by Image J, respectively and expressed as
mean * SD (n=3) of each group. * P < 0.05 and ** P < 0.01 vs control group. (D) ASM cells were treated with PDGF (10ng/mL) and LY294002 (10 uM), Rapamycin (500 nM)
for 5h, respectively. Cell proliferation was detected by CCK-8. The data were expressed as mean + SD (n=8) of each group, ** P<0.01 vs PDGF group, * P<0.0lvs control

group.

inhibit PDGF-induced ASM cell proliferation and AKT
activation (Figure S1). Pan et al identified 7 ingredients
identified from the crude extract of Polygonum cuspidatum
including quercetin, polydatin, resveratrol, emodin, api-
genin, rhein and catechin.’> We then verified the effects
of other ingredients on the proliferation of ASM cells, and
found that rhein and catechin could inhibit the prolifera-
tion of ASM cells whereas polydatin did not (Figure S2).
Therefore, it is possible that the proliferation of ASM cells
was inhibited by different active ingredients of Polygonum
cuspidatum, which will need to be verified by further
experiments.

According to the results of the network pharmacol-
ogy screening, Polygonum cuspidatum may directly or
indirectly affect asthma through 191 potential targets,

such as AKTI, IL-6, VEGFA, MAPK3, CASP3, JUN,
STAT3, and CASP8 (Figure 3). Polygonum cuspidatum
is involved in the regulation of 165 KEGG signaling
pathways, including the PI3K-AKT signaling pathway,
apoptosis pathway and MAPK
(Figure 4, Table 2), that play a therapeutic role in

signaling pathway

asthma. According to the enrichment analysis of the
KEGG pathway, the PI3K-AKT signaling pathway was
found to show the highest enrichment among the
selected pathways with the highest correlation in the
treatment of asthma by Polygonum cuspidatum, which
showed the enrichment of 42 target proteins (Table S2).
AKT/protein kinase B is a serine/threonine-specific pro-
tein kinase that plays an important role in regulating cell
apoptosis and proliferation, and inhibition of the AKT
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Figure 7 Polygonum cuspidatum extraction inhibited PDGF-induced AKT/mTOR activation. (A—C) ASM cells were treated with PDGF (10ng/mL) and Polygonum cuspidatum
extraction (0.25 mg/mL, 0.5 mg/mL, | mg/mL and 2 mg/mL) for 5h, respectively. The expression levels of p-AKT and p-mTOR were analyzed by Western blotting. The
relative protein levels of p-AKT and p-mTOR were calculated by Image ] and expressed as mean + SD (n=3) of each group. " P>0.05 vs PDGF group, * P<0.05 and ** P<0.01
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Figure 8 Polygonum cuspidatum extraction inhibited H,O,-induced MUC5AC
expression. ASM cells were treated with H,O, (80 pM) and Polygonum cuspidatum
extraction (I mg/mL and 2 mg/mL) at different concentrations alone or in combina-
tion for 24h. The expression levels of MUC5AC were analyzed by Real-time PCR.
The data were expressed as mean + SD (n=3) of each group. ** P<0.0l vs H,O,
group, # P<0.0lvs control group.

pathway is implicated in decreasing ASM cell prolifera-
tion in asthma. Ma L et al reported that ASM cells in
bronchial sections from asthmatic patients show strong
immunoreactivity for phospho-Ser473-AKT in immuno-
histochemical staining which indicated that AKT activa-
tion did occur in the airways of asthmatic patients.>* In
our study, the analysis of AKT signaling demonstrated
that the p-AKT level was significantly increased in
PDGF-treated ASM cells, whereas treatment with an
AKT inhibitor decreased PDGF-induced ASM cell pro-
liferation. Our results supported the role of AKT in
promoting ASM cell proliferation (Figure 6). We also
observed that Polygonum cuspidatum and resveratrol
inhibited the proliferation of rat airway ASM cells and
significantly reversed PDGF-induced cell inhibition by
inhibiting AKT. To further elucidate the pathway that
mediated cell proliferation inhibition and apoptosis, we

examined the downstream AKT pathway. Western
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Figure 9 The effects of resveratrol on ASM cells proliferation and apoptosis. (A) HPLC chromatograms of resveratrol in Polygonum cuspidatum extraction. (B, C) ASM cells
were treated with PDGF (10 ng/mL) and resveratrol (6.25 uM, 12.5 pM, 25 pM, 50 pM) at different concentrations alone or in combination for 24h and 48h. Cell
proliferation was detected by CCK-8. The data were expressed as mean + SD (n=6) of each group, " P>0.05 vs PDGF group, ** P<0.01 vs PDGF group, #P<0.01vs DMSO
group (control group). (D, E) The apoptosis of ASM cells were detected by Annexin-V staining after treatment with resveratrol (25 uM, 50 M) for 48 h. The data were
expressed as mean + SD (n=3) of each group, ** P<0.01 vs DMSO group (control group).

blotting analysis showed that the phosphorylation of Mucin SAC (MUCS5AC) is one of the major gelatin-
p-mTOR was also reduced (Figure 7). These results forming mucins in airway mucus.®® Increased levels of
indicate the potential signaling pathway involved in the =~ MUCS5AC protein had found to be present in the airways of
treatment of asthma by Polygonum cuspidatum. asthma patients and contribute to the pathophysiology of
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Figure 10 Resveratrol inhibited PDGF-induced AKT/mTOR activation. (A—C) ASM cells were treated with PDGF (10 ng/mL) and Resveratrol (25 pM, 50 uM) for 5h,
respectively. The expression levels of p-AKT and p-mTOR were analyzed by Western blotting. The relative protein levels of p-AKT and p-mTOR were calculated by Image
J and expressed as mean * SD (n=3) of each group. * P<0.05 and ** P<0.01 vs PDGF group, "P<0.01vs DMSO group (control group).

asthma such as airway mucus obstruction and reduction in lung
function.”® Several studies reported that MAPK signaling path-
way including JNK, ERK, and p38 was crucial signaling
factors involved in MUCS5AC expression.”*** Mitogen-
activated protein kinase (MAPK) is an important transmitter
of extracellular signals from the cell surface to the nucleus,
which could be activated by oxidative stress and a variety of
pro-inflammatory factors.”**>** Through network pharmacol-
ogy, we found that MAPK signaling pathway was involved in
the treatment effect of Polygonum cuspidatum (Figure 4). Our
group previously found that H,O, can activate MAPK signal-
ing pathway.'® Therefore, we activated MAPK through H,0,
and found that Polygonum cuspidatum could inhibit the
expression of MUCSAC induced by H,O,. These results
demonstrated the multiple anti-asthmatic roles of Polygonum
cuspidatum. However, further investigation is still needed as
there are some limitations in our study. The main limitation of
our study is that we did not in vivo examine the anti-asthmatic
role of Polygonum cuspidatum and its active ingredients
in vivo. Based on network pharmacology analysis,
Polygonum cuspidatum is likely to alleviate asthma through
different mechanisms, such as anti-inflammatory activity, in
addition to inhibiting ASM cell proliferation and MUCSAC
expression. Therefore, further study should be performed to
verify the role of Polygonum cuspidatum in asthmatic animal
models.

Conclusion

Our results suggest that Polygonum cuspidatum could
alleviate the symptoms of asthma such as ASM cells
proliferation and MUCS5AC expression through the
mechanisms predicted by network pharmacology.
These findings provide potential molecular and cellular
that
a promising anti-asthmatic drug to inhibit the prolif-

eration of ASM and MUCS5AC overexpression.

evidence Polygonum  cuspidatum may be
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