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Background. Pinellia ternata (PT), a medicinal plant, has had an extensive application in the treatment of asthma in China,
whereas its underlying pharmacological mechanisms remain unclear. Methods. Firstly, a network pharmacology method was
adopted to collect activated components of PT from Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP). Targets of PT were assessed by exploiting the PharmMapper website; asthma-related targets were collected
from the OMIM website, and target-target interaction networks were built. Secondly, critical nodes exhibiting high possibility
were identified as the hub nodes in the network, which were employed to conduct Gene Ontology (GO) comment analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway enrichment analysis. Finally, the tissue expression profiles
of key candidate genes were identified by the Gene Expression Omnibus (GEO) database, and the therapeutic effect of PT was
verified by an animal experiment. Results. 57 achievable targets of PT on asthma were confirmed as hub nodes through using the
network pharmacology method. As revealed from the KEGG enrichment analysis, the signaling pathways were notably enriched
in pathways of the T-cell receptor signaling pathway, JAK-STAT signaling pathway, and cytokine-cytokine receptor interaction.
The expression profiles of candidate genes including Mmp2, Nr3cl, il-10, il-4, il-13, il-17a, il-2, tir4, tir9, ccl2, csf2, and vefga were
identified. Moreover, according to transcriptome RNA sequencing data from lung tissues of allergic mice compared to normal
mice, the mRNA level of Mmp2 and il-4 was upregulated (P <0.001). In animal experiments, PT could alleviate the allergic
response of mice by inhibiting the activation of T-helper type 2 (TH2) cells and the expression of Mmp2 and il-4. Conclusions. Our
study provides candidate genes that may be either used for future studies related to diagnosis/prognosis or as targets for asthma
management. Besides, animal experiments showed that PT could treat asthma by regulating the expression of Mmp2 and il-4.

1. Background

Asthma refers to an inflammatory disorder of the airways
which is induced by common aeroallergens (e.g., house dust
mites, fungi, and air pollutants) and characterized by airway
hyperresponsiveness, variable airflow limitation, and mu-
cous secretion, as well as chronic inflammation [1]. In
asthma, there exists selective expansion of T lymphocytes
(particularly of TH2 cells) that secrete a cluster of cytokines
such as interleukins (IL)-2, IL-4, IL-5, IL-9, and IL-13 and
granulocyte-macrophage colony-stimulating factor (GM-
CSF), leading to mast cell differentiation and maturation,

eosinophil maturation and survival, basophil recruitment,
B cell differentiation, and production of IgE, which jointly
orchestrate the allergic inflammatory cascade [2, 3]. On the
whole, inhaled corticosteroid (ICS) or ICS combined with
long-acting [32-adrenergic agonists has been the common
clinical treatment to mitigate asthma. In some cases, how-
ever, corticosteroid overload raises a high risk of gluco-
corticoid-related adverse events and huge difficulty in
controlling the onset of asthma [4]. For the asthma inci-
dence, a single-ingredient medicine cannot satisfy the
existing treatment of asthma, and there is an urgent need for
practical, multitarget drugs to treat asthma that can remedy
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the deficiencies exhibited by those that are currently
available.

Traditional Chinese medicine (TCM) has been indis-
pensable to the health of China. Pinellia ternata, also known
as BanXia in Chinese, has been a common and potent
medicinal herb in TCM practice. It has been clinically ap-
plied for suppression of the cough center to exert antitussive
effects, facilitate cell division, decrease the viscosity of whole
blood, and reduce inflammation, in conjunction with other
herbs. However, the detailed mechanisms of their operation
at molecular levels are still unknown, making it difficult in
the design of more efficient and less toxic drugs for treat-
ment. Thus, comprehensive and appropriate strategies are
urgently required to gain deeper insights into how herbal
formulae impact diverse biological processes in the treat-
ment of diseases. Network pharmacology refers to an effi-
cient and robust method having been employed extensively
for several decades to treat a range of diseases, as coupled
with high-throughput group analysis and virtual computing,
as well as network database retrieval [5, 6]. Using network
pharmacology in search of TCM is conducive to identifying
the relationships between drug and disease, discovering
active ingredients, elucidating the mechanism of action, and
assessing drug safety [7]. In this study, a network phar-
macological research was conducted to delve into practical
components and action objectives of PT as an attempt to
explore the underlying mechanisms of action of asthma
treatment; furthermore, the therapeutic effect of PT was
verified by OVA-induced allergic mice, and the regulation of
key proteins was also examined (Figure 1).

2. Materials and Methods

2.1. Animal Experiments

2.1.1. Mice Model. All animal experiments were approved
by the Institutional Animal Care and Use Committee of
the Shandong Academy of Medical Sciences. Female
C57BL/6 mice, aged 7-8 weeks, were provided by Shan-
dong Laboratory Animal Facility (Shandong Academy of
Medical Sciences, Jinan, China). All animals were housed
and bred in a temperature- and light-controlled envi-
ronment under a 12h light-dark cycle, and they were
maintained under specific pathogen-free (SPF) condi-
tions. Subsequently, mice were randomly split into three
groups (the control group, the model group, and the herb
group) covering four mice, respectively. The model group
and herb group were injected intraperitoneally (i.p.) with
50 ug OVA (Sigma-Aldrich, MO, USA) and 2.25mg ad-
juvant aluminum hydroxide (Thermo Scientific, Pitts-
burgh, PA, USA) in a total volume of 100 uL on day 0, 7,
and 14. On day 21, the mice were intranasally (i.n.) ad-
ministrated with 100 yug OVA in 50uL [8, 9]. The herb
group was administrated with PT (1.95 g/kg/d) (provided
by Affiliated Hospital of Shandong University of Tradi-
tional Chinese Medicine, China) water decoction for 21
days, whereas the control mice were given the identical
volume of phosphate-buffered saline (PBS). All mice were
prepared for tissue harvesting.
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2.1.2. Flow Cytometric Staining. Lungs were cut into small
pieces and then incubated with 1mg/ml collagenase D
(Sigma-Aldrich, MO, USA) for 30 min and were digested
into single-cell suspension. Rat anti-mouse antibodies cover
APC-CD45, PE-Cy7-CD3, PerCP-CD4, and PE-IL-4 (BD
Biosciences, CA, USA). Intracellular cytokine staining was
performed following the previous description [10]. Flow
cytometric (BD FACSVerse™, BD Biosciences, USA) data
were analyzed with FlowJo software.

2.1.3. Measurement of IL-4 in Bronchoalveolar Lavage Fluid
(BALF). 24h after the final OVA challenge, all mice were
sacrificed to prepare BALF. Lungs were lavaged in situ with
1 mL of ice-cold phosphate buffer solution (PBS) via the tra-
cheal cannula. After three times lavage, approximately 2 mL of
BALF was recovered and centrifuged at 4°C (1500 r/min) for
10 min [11]. The supernatants were rapidly collected and frozen
for further cytokine measurement by ELISA. The concentra-
tion of IL-4 in BALF was measured using a specific mouse
ELISA kit (R&D Systems, Minn., USA). ELISA experiments
were performed according to the manufacturer’s instructions.

2.1.4. Reverse Transcription- (RT-) qPCR. Total RNA was
extracted with TRIzol (CW.BIO, Beijing, China) from the
lung tissue of mice. The concentrations of RNA were de-
termined before reverse transcription. Total RNA (200 ng)
was further reserve-transcribed to cDNA, and detail oper-
ation steps were done as previously described [9]. The
primers used in the present study were as follows: for Mmp2,
sense CAAGTTCCCCGGCGATGTC and antisense
TTCTGGTCAAGGTCACCTGTG; for il-4, sense
GGTCTCAACCCCCAGCTAGT and antisense GCCGAT-
GATCTCTCTCAAGTGAT. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an endogenous
control, and the comparative threshold cycle (2-AACT)
equation was used to calculate the relative expression levels.

2.2. Screening Bioactive Components of PT. The components’
data of PT originated from the TCMSP systems pharma-
cology database (http://Isp.nwu.edu.cn/tcmsp.php) [12]. To
achieve the bioactive components’ screening of PT in
pharmacodynamics studies, two critical indicators have been
usually taken as the screening criteria in ADME processes
(e.g., absorption, distribution, metabolism, and excretion)
and drug design, which include oral bioavailability (OB) and
drug similarity (DL), and components were retained only if
OB was over 30% and DL was more than 0.18 to satisfy
criteria [13]. In this study, based on the relevant literature
and the PubChem network database (https://pubchem.ncbi.
nlm.nih.gov/), 11 bioactive components of PT were retained,
and their corresponding information (PubChem ID, OB,
and DL) was also acquired for subsequent analysis [14].

2.3. Component-Related Target Proteins’ Prediction. To as-
certain the relevant targets of the bioactive components in
PT, the PharmMapper database (http://lilab.ecust.edu.cn/
pharmmapper/get.php) was adopted [15]. In brief, for a
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given small molecule, potential candidate targets were
identified using the reverse pharmacodynamic profiling
method. Through the retrieving process, 115 assessed targets
were screened out after duplicates were deleted, and they
were made to conform to the correct UniProt ID. Com-
ponent-target network maps were plotted by Cytoscape 3.7.2
for these data [16]. Subsequently, GO enrichment and
KEGG network pathway analyses were conducted on the
targets acquired by using the Database for Annotation,
Visualization, and Integrated Discovery (DAVID, https://
david.nicifcrf.gov/, updated in Mar. 2017) online [17].
Values of P<0.05 were considered exhibiting statistical
significance.

2.4. Asthma-Related Targets’ Prediction. Data on the
asthma-related targets were acquired from the Online
Mendelian Inheritance in Man database (OMIM, updated
December 21, 2019) [18, 19], a comprehensive, authori-
tative compendium of human genes and genetic pheno-
types, which is freely available and daily updated. The

keyword was “asthma,” and 259 asthma-related targets
were harvested jointly.

2.5. Protein-Protein Interaction (PPI) Network Construction.
To delve into the interaction between target proteins from a
systematic and holistic perspective, PPI network mapping
was conducted with STRING (http://string-db.org) [20].
Accordingly, the “component-target-disease” network was
established to express the relationships between the targets
corresponding to PT and interacting protein; furthermore,
such network was visually analyzed with Cytoscape 3.7.2
software. As critical parameters of network analysis, the
degree of centricity (DC), betweenness centrality (BC), close
to the central (CC), the network centricity (NC), and local
edge connectivity topology selection (LAC) were adopted to
obtain the significance of the respective target. The node
exhibiting a DC value higher than twice the median degree
of all nodes and achieving the values of the other four in-
dexes over the corresponding median values was defined as a
hub [21]. To standardly describe these genes, GO enrichment
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and KEGG pathway analyses were conducted by using
DAVID. Values of P<0.05 were considered exhibiting
statistical significance.

2.6. Gene Expression Analysis. The pattern of gene expres-
sion in lung tissues may indicate that the targets involved in
the pathway of asthma development. GSE6858 was used to
analyze expression patterns for genes acquired from the
GEO database (http://www.ncbi.nlm.nih.gov/geo). In
GSE6858, we compared the expression of Mmp2, Nr3cl, il-
10, il-4, il-13, il-17a, il-2, tlr4, tlr9, ccl2, csf2, and vefga in
OVA-stimulated mouse lung tissues compared to the nor-
mal group.

3. Results

3.1. Screening for the Active Component of PT. The 115 re-
ported active ingredients of PT were retrieved from the
TCMSP database. Then, the values of OB and DL were
employed to screen potential active components, and 13 of
the mentioned bioactive ingredients were preliminarily
screened out. Besides, only 11 active ingredients with cor-
responding targets were screened out after the final
screening from the PubChem database (Table 1), most of
which were sterols (S-sitosterol, stigmasterol, and cyclo-
artenol), flavonoids (baicalein and baicalin), unsaturated
fatty acid, and lipid, exhibiting high oral bioavailability
(ranging from 30.7% to 44.72%) and high drug similarity
(0.2~0.81). Moreover, these ingredients generally displayed
the pharmacological activities of antibacterial, anti-inflam-
matory, and antioxidant.

3.2. Component-Target Network Construction and Enrich-
ment Analysis. Component-related targets were obtained
from the results of the BATMAN-TCM database. Based on
the data acquired above, the component-target network was
established with Cytoscape 3.7.2 software. After clustering
analysis was conducted on the obtained component-target
network, six clusters were obtained (Figure 2). Studies have
shown that inflammatory responses (immune cell differ-
entiation, cytokine secretion, and receptor signaling) and
metabolic responses (drug metabolism and energy meta-
bolism) play an important role in the development of asthma
[22]. For example, in the network, cluster 1 includes
components baicalin and f-D-ribofuranoside, xanthine-9,
and their targets which were enriched in signaling pathways
of drug metabolism, glutathione metabolism, platinum drug
resistance, etc. Cluster 2 includes components cavidine,
coniferin, 10,13-eicosadienoic acid, and gondoic acid and
their targets, which were enriched in pathways of PPAR
signaling pathway and Th17 cell differentiation. Cluster 3
includes component cycloartenol and targets, which exhibit
anti-inflammatory functions and are associated with path-
ways of MAPK and PI3K.

3.3. Asthma-Related Targets. By searching the OMIM da-
tabases, the target data for the treatment of asthma were
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collected. A total of 259 targets were screened after false-
positive information was checked and removed, including
cytokines (e.g., TNF, IL-4, IL-5, and IL-33), receptors (e.g.,
CCR4, IL-6R, and IL-9R), chemokines (e.g., CCL2, CCL11,
and CCL18), and transcription factors (e.g., STAT4, STATS,
and GATA3) (Table 2).

3.4. Hub Nodes’ Screening and PPI Network Construction.
To elucidate the molecular mechanism underlying the effects
of PT against asthma, the component-related targets and
asthma-related targets were uploaded to STRING to acquire
the information on PPI. 365 nodes and 3726 correlations
were covered in the network. Next, according to the to-
pology of DC, BC, CC, NC, and LAC, 57 hub nodes and 808
relationships were ascertained. We constructed a PPI net-
work among these 57 hub nodes and presumed those targets
as the putative targets of PT for the treatment of asthma
(Figures 3(a) and 3(b)).

3.5. Hub Nodes’ Enrichment Analysis. To identify relevant
pathways and functions, GO functional analysis and KEGG
pathway enrichment analysis were performed for these 57
putative targets using DAVID. A total of 276 enrichment
results were obtained, covering 226 biological processes
(BP), 32 molecular functions (MF), and 18 cellular com-
ponents (CC); the enriched molecular functions of the target
proteins are mainly associated with response to stimulus,
biological regulation, and cellular process (Figure 4(a)). As
revealed from the KEGG enrichment analysis, the signaling
pathways were notably enriched in pathways of T-cell re-
ceptor signaling pathway, JAK-STAT signaling pathway, and
cytokine-cytokine receptor interaction. After extensive
pathways were excluded, the top 15 relevant signaling
pathways are presented in Figure 4(b). Values of P <0.05
were considered exhibiting statistical significance; the lower
the P value is, the more prominent the relevance will be.

3.6. Expression Profiles of Key Targets in Asthma. Based on
the above data, genes matrix metalloproteinase-2 (Mmp2)
and nuclear receptor subfamily 3, group C, member 1
(Nr3cl) are both component target and highly relevant
targets for asthma. il-10, il-4, il-13, il-17a, il-2, tlr4, tlr9, ccl2,
csf2, and vegfa are top 10 hub nodes in the PPI network
(Figure 5(a)), so we inquired the expression profiles of these
genes in asthma from the GEO database. In GSE6858, the
expression level of Mmp2 and il-4 in OV A-stimulated mice
was upregulated than these of the control group (P < 0.001);
il-10 and il-2 were downregulated in allergic mice, and there
was no significant difference in the expression levels of other
genes (Figure 5(b)).

3.7. PT Ameliorated OVA-Induced Asthma via Down-
regulating the Mmp2 and I1l-4 Expressions. Asthma is a
chronic allergic respiratory disease. Here, we validated the
anti-inflammatory and antiasthmatic therapeutic properties
of PT, using a mouse model of OVA-induced allergic
asthma; the timeline of administration with OVA or PT in
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TABLE 1: Active components and ADME parameters of Pinellia ternata.

PubChem ID Molecule name OB DL

5484202 24-Ethylcholest-4-en-3-one 36.08 0.76
193148 Cavidine 35.64 0.81
5281605 Baicalein 33.52 0.21
64982 Baicalin 40.12 0.75
222284 B-Sitosterol 36.91 0.75
5280794 Stigmasterol 43.83 0.76
5282768 Gondoic acid 30.7 0.2

389888 Coniferin 31.11 0.32
5365687 10,13-Eicosadienoic acid 39.99 0.2

92110 Cycloartenol 38.69 0.78
64959 B-D-Ribofuranoside, xanthine-9 44.72 0.21

ADME: absorption, distribution, metabolism, and excretion; OB: oral bioavailability; DL: drug similarity.
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F1GURE 2: Component-target network (C-T network). The network of 11 active components (the purple nodes) of Pinellia ternata and 115
putative targets (the blue nodes) was clustered with Cytoscape version 3.7.2. All protein targets were represented by their gene symbol.

mice is shown in Figure 6(a). Unquestionably, OVA-
sensitized mice model exhibited an enhanced type 2
immune response as the percentage of TH2 cells in the
lung was elevated compared with that of PBS-sensitized
control mice ( * P<0.05); in the case of drug treatment,
the percentage of TH2 cells was noticeably reversed with
PT decoction therapy (#P <0.05) (Figure 6(b)). As sug-

gested by ELISA analysis, the concentration of il-4 was
significantly upregulated by OVA treatment as compared
with the control group, whereas PT treatment led to the
downregulation of il-4 in the BALF of allergic mice
(Figure 6(c)). The mRNA levels of Mmp2 and il-4 were
decreased in drug treatment mice compared to OVA-
sensitized mice (Figure 6(d)).
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F1GURE 3: Network of drug and disease targets. (a) The number of asthma-related targets and component targets showed by Venn. (b) Network of
hub nodes. The property of the purple nodes is asthma-related targets, the property of the pink nodes is component-related targets, and the
property of the green nodes is common targets of asthma and components.

4. Discussion

The existing number of patients with bronchial asthma
worldwide reaches over 300 million, and considerable pa-
tients still face difficulty in mitigating their symptoms after

undergoing conventional atomization therapy, thereby de-
veloping refractory bronchial asthma [23]. The mechanism
of asthma pathogenesis remains unclear. Over the past years,
numerous researchers have considered that airway inflam-
mation cytokines exhibit abnormally high level on the
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FIGURE 4: Enrichment analysis of the hub genes for Pinellia ternata in the treatment of asthma. (a) The GO enrichment analysis of hub
nodes. (b) The top 15 KEGG pathway enrichment analyses of hub nodes.

pathogenesis of asthma and play a critical role in the process.
To be specific, IL-4 is capable of stimulating the
B lymphocyte to secret large specific IgE, which induces
gathered eosinophils and increased airway mucosa, even
airway hyperresponsiveness. IL-5 could control the differ-
entiation, maturation, migration, and survival of eosino-
phils. IL-10 is capable of effectively reducing the secretion
activity of mast cells and TH2 cells and exerts a definite effect
on the reduction of airway inflammation. Both IL-13 and IL-
17 are critical proinflammatory cytokines in the body,
thereby facilitating the synthesis of IgE, elevating the level of
vascular adhesion molecules, and increasing the degree of
eosinophil infiltration in the airway [2, 24]. All of these genes
are included in the asthma-related targets (Table 2). Besides,
obesity, metabolic disease, and age can also act as risk factors
exacerbating asthma [25]. As impacted by heterogeneous in
terms of severity, individual difference, and treatment re-
sponsiveness, the diverseness of this disease results in
multiple therapeutic strategies. Several studies have reported
that PT possesses anti-inflammatory and antiallergic effects
both in asthma and in COPD [26, 27]. However, the
physiological and pharmacological actions of PT on asthma
and its biological function have not been effectively studied.
The incorporation of traditional Chinese medicine into
clinical therapy via network pharmacology can provide

insights into the possible mechanism and enhance the
specificity and effectiveness of the treatment scheme [5].
In our study, active ingredients were screened in PT,
primarily flavonoids, sterols, glycosides, and unsaturated
fatty acid, and proteins which were considered as both
potential targets of ingredients and targets of asthma
treatment were predicted. In the PPI network of component
targets and asthma-related targets, hub nodes were screened.
Based on the GO terms, the activity of hub nodes was as-
sociated with numerous biologic processes (e.g., inflam-
matory response, chemotaxis, and immune response), a
variety of molecular functions (e.g., cytokine activity, growth
factor activity, and protein tyrosine kinase activity), and
diversified cellular components (e.g., extracellular space,
extracellular region, and external side of the plasma
membrane). Thus, the results demonstrated that PT pri-
marily exerted various therapeutic effects on asthma by
participating in these processes and functions. As further
revealed from the KEGG enrichment analysis, the JAK-
STAT signaling pathway is one of a handful of pleiotropic
cascades and plays essential roles during development and
cellular processes (e.g., segmentation, proliferation, and
organogenesis) [28]. JAK kinases could selectively phos-
phorylate STATS, leading to their activation. To be specific,
STATG6 acted as one of the primary members in the JAK-



Evidence-Based Complementary and Alternative Medicine

IL13

a
N/

ol

/A

Vi
.’

TLR9

(a)
P =0.0002 P=0.0055 P=0.6271 P <0.0001 P=0.0233 P=0.5705
2000 400 6.5 6000 600 40
.
1500 300 . 6.0 1000 e S04 . 30 °
E + 200 —?— N o5 o ° ~ 400 g o, « 2 —q"—
= 1000 = = oS j:L D o = —:E 2
= ¢ = % 2000 = 300 o
500 100 5.0 H =0 200 10
0 0 T T 4.5 T T 0 T T 100 T T 0 T T
Normal Asthma Normal Asthma Normal Asthma Normal Asthma Normal Asthma
P =0.3646 P=0.2544 P=0.6156 P=0.7468 P=0.5514 P=0.0749
25 40 110 200 130 240
. 100 190
20 . 20 a 120 . .
“ % 90 . 180 > <110 o _ 200
3 R M Zim| - g = 7
15 20 80 170 =
8 . o = . a:_ &) = é_ £100 % ag E o
10 10 4 70 160 o 160 %
60 . 150 . 90 . . =
5 T T 0 T T 50 T T 140 T T 80 T T 120 T T
Normal Asthma Normal Asthma Normal Asthma Normal Asthma Normal Asthma Normal Asthma

(®)

F1GURE 5: Expression levels of key nodes in lung tissues of allergic mice. (a) The top 10 hub nodes showed by Cytoscape. (b) Gene expression
levels of lung tissues in GSE6858 from the GEO database.

Sacrifice

-

Day 0 7 14 21
Normal group PBS (i.p.)
Asthma group OVA (i.p.) OVA (i.n.)
Herb OVA (i.p. OVA (i.n.
cro group \(lp) Pinellia ternata J(ln)
(@
Ctrl OVA PT
IL-5 IL-5 IL-5
0.98%| 1.95% 1.18%

L4 —

CD4

Ctrl

FiGure 6: Continued.

OVA

PT



10

IL-4 in BALF (pg/mL)

CtrlCtrl

OVAOVA

(0

PT PT

(d)

Evidence-Based Complementary and Alternative Medicine

Mmp2
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FIGURE 6: PT ameliorated OVA-induced asthma. (a) The timeline of administration in animal experiments. (b) The percentages of TH2 cells
(CD45",CD3", CD4", and IL4") in lymphocytes by FACS. (c) The concentration of IL-4 in BALF. (d) The mRNA levels of il-4 and Mmp2 in
the lung by RT-qPCR. Data shown were normalized to the reference gene GAPDH. Values were expressed as mean + SEM. * P value <0.05
compared to the control group; #P value <0.05 compared to the model group.

STAT pathway, capable of specifically inducing TH2 cell
differentiation and promoting the secretion of IL-4 [29]. Our
flow cytometry analysis revealed that, in the allergic mice
model, PT could attenuate allergic immune response by
inhibiting the activation of TH2 cells and the mRNA levels of
IL-4. However, the regulation of IL-4 is depended on the way
of direct binding to an upstream distal promoter element or
on the way of direct activation of the transcription factors
such as STAT6 which needed further study.

Notably, Mmp2 and Nr3cl are two hub nodes, which are
members of both component targets and asthma targets,
making them crucial, accounting for PT in asthma treat-
ment. Mmps are a family of enzymes characterized by a
common zinc ion at their active site. In general, Mmps are
thought to be involved in the normal maintenance of the
extracellular matrix and inflammation and cell-cell signaling
[30]. Studies reported that the main function of Mmp2
protease is to degrade extracellular matrix proteins and
participate in airway remodeling in asthma [31]. Using
Mmp2-cleavable activatable cell-penetrating peptides
(ACPPs) with the cleavage sequence PLGC (Me) AG, it is
shown that Mmp2 is upregulated in the lungs of allergen
OVA-challenged mice [32]; this result is consistent with
findings in Figure 5(b). Besides, Nr3cl is capable of
impacting the number of the glucocorticoid receptor (GR)
and the affinity with glucocorticoid [33]. The stress hormone
cortisol binds to glucocorticoid receptors produced by
Nr3cl, resulting in reduced inflammation [34]. Reduced
expression of Nr3cl may lead to glucocorticoid resistance,
which gives rise to the inflammatory response [35]. Actually,
many individuals with asthma rely on corticosteroid med-
ications to control asthma symptoms [36]. However, in
animal experiments, Nr3cl apparently revealed a large gap
in lung tissues of normal mice and ubiquitously expressed
lower in most allergic mice lung tissues (Figure 5(b)); this is
the reason why we did not test it in subsequent animal
studies.

5. Conclusions

TCM has been commonly used to treat various diseases
and exhibits favorable efficacy, whereas the molecular
mechanism of TCM has not been elucidated. In the

present study, the network pharmacology method was
used to study the scientific basis of PT in the treatment of
asthma. 57 hub nodes were screened, and signaling
pathways associated with asthma were enriched; these
data lay a scientific basis for the clinical treatment of
asthma and also provide insights into the development
and utilization of drugs. In animal experiments, PT could
alleviate the allergic response of mice by inhibiting the
activation of TH2 cells and the expression of IL-4 and
Mmp2; furthermore, systematic and rigorous experiments
are required to verify our findings.

Abbreviations

TH2 T-helper type 2 cells

cells:

IL-2: Interleukin-2

GM-CSF: Granulocyte macrophage colony-stimulating
factor

ICS: Inhaled corticosteroid

TCM: Traditional Chinese medicine

PT: Pinellia ternata

OB: Oral bioavailability

DL: Drug similarity

GO: Gene ontology

KEGG:  Kyoto Encyclopedia of Genes and Genomes

OMIM:  Online Mendelian Inheritance in Man database

DC: Degree of centricity

BC: Betweenness centrality

CC: Close to the central

NC: Network centricity

LAC: Local edge connectivity topology selection

SPF: Specific pathogen-free

OVA: Ovalbumin

BALF: Bronchoalveolar lavage fluid

BP: Biological processes

MEF: Molecular functions

CC: Cellular components

MMP2:  Matrix metalloproteinase-2

NR3CI: Nuclear receptor subfamily 3, group C, member
1

ACPPs:  Activatable cell-penetrating peptides

GR: Glucocorticoid receptor.



Evidence-Based Complementary and Alternative Medicine

Data Availability

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

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

YML carried out the major experiments and drafted the
manuscript. XJC, QX, and SSZ supported in the study de-
sign, reviewed the protocol, and participated to interpret the
primary outcome. CFY led the overall project and designed
experiments.

Acknowledgments

This work was supported by the Natural Science Foundation
of Shandong Province (ZR2019PH114), the National Nat-
ural Science Foundation of China (81573728), and National

Science and Technology Major Project of China
(201772X09301030).
References

[1] L.B.Murrison, E. B. Brandt, J. B. Myers, and G. K. K. Hershey,
“Environmental exposures and mechanisms in allergy and
asthma development,” The Journal of Clinical Investigation,
vol. 129, no. 4, pp. 1504-1515, 2019.

[2] B.N. Lambrecht, H. Hammad, and J. V. Fahy, “The cytokines
of asthma,” Immunity, vol. 50, no. 4, pp. 975-991, 2019.

[3] M. E. Kuruvilla, F. E-H. Lee, and G. B. Lee, “Understanding
asthma phenotypes, endotypes, and mechanisms of disease,”
Clinical Reviews in Allergy & Immunology, vol. 56, pp. 219-
233, 2019.

[4] P. O. Byrne, L. M. Fabbri, I. D. Pavord, A. Papi, S. Petruzzelli,
and P. Lange, “Asthma progression and mortality: the role of
inhaled corticosteroids,” The European Respiratory Journal,
vol. 54, no. 1, Article ID 1900491, 2019.

[5] B. Boezio, K. Audouze, P. Ducrot, and O. Taboureau, “Net-
work-based approaches in pharmacology,” Molecular Infor-
matics, vol. 36, no. 10, Article ID 1700048, 2017.

[6] R. Zhang, X. Zhu, H. Bai, and K. Ning, “Network pharma-
cology databases for traditional Chinese medicine: review and
assessment,” Frontiers in Pharmacology, vol. 10, p. 123, 2019.

[7] W. Y. Lee, C. Y. Lee, Y. S. Kim, and C. E. Kimet, “The
methodological trends of traditional herbal medicine
employing network pharmacology,” Biomolecules, vol. 9,
no. 8, p. 362, 2019.

[8] K. Li, Y. Zhang, K. Y. Liang et al., “Rhebl deletion in myeloid
cells aggravates OV A-induced allergic inflammation in mice,”
Scientific Reports, vol. 7, Article ID 42655, 2017.

[9] N. Ting, W. Huang, L. Chen, S.-H. Yang, and M.-L. Kuo,
“Descurainia sophia ameliorates eosinophil infiltration and
airway hyperresponsiveness by reducing Th2 cytokine pro-
duction in asthmatic mice,” The American Journal of Chinese
Medicine, vol. 47, no. 7, pp. 1507-1522, 2019.

[10] X. Zheng, Y. Guo, L. Wang et al., “Recovery profiles of T-cell
subsets following low-dose total body irradiation and

11

improvement with cinnamon,” International Journal of Radi-
ation Oncology, Biology, Physics, vol. 93, no. 5, pp. 1118-1126,
2015.

[11] X.Lu, K. McCoy, W. Hu et al., “Dexamethasone reduces IL-17
and Tim-3 expression in BALF of asthmatic mice,” Journal of
Huazhong University of Science and Technology Medical Sci-
ences, vol. 33, pp. 479-484, 2013.

[12] J. Ru, P. Li, J. Wang et al.,, “TCMSP: a database of systems
pharmacology for drug discovery from herbal medicines,”
Journal of Cheminformatics, vol. 6, p. 13, 2014.

[13] Y. Vugmeyster, J. Harrold, and X. Xu, “Absorption, distri-
bution, metabolism, and excretion (ADME) studies of bio-
therapeutics for autoimmune and inflammatory conditions,”
The AAPS Journal, vol. 14, no. 4, pp. 714-727, 2012.

[14] Y. Wang, S. H. Bryant, T. Cheng et al., “PubChem BioAssay:
2017 update,” Nucleic Acids Research, vol. 45, pp. D955-D963,
2017.

[15] X.Wang, Y. Shen, S. Wang et al., “PharmMapper 2017 update:
a web server for potential drug target identification with a
comprehensive target pharmacophore database,” Nucleic
Acids Research, vol. 45, pp. W356-W360, 2017.

[16] P.Shannon, A. Markiel, O. Ozier et al., “Cytoscape: a software
environment for integrated models of biomolecular interac-
tion networks,” Genome Research, vol. 13, no. 11,
pp. 2498-2504, 2003.

[17] D.W.Huang, B. T. Sherman, and R. A. Lempicki, “Systematic and
integrative analysis of large gene lists using DAVID bioinformatics
resources,” Nature Protocols, vol. 4, no. 1, pp. 44-57, 2009.

[18] J.S. Amberger, C. A. Bocchini, F. Schiettecatte, A. F. Scott, and
A. Hamosh, “OMIM.org: online Mendelian inheritance in
man (OMIM®), an online catalog of human genes and genetic
disorders,” Nucleic Acids Research, vol. 43, no. DI,
pp. D789-D798, 2015.

[19] J. S. Amberger and A. Hamosh, “Searching online Mendelian
inheritance in man (OMIM): a knowledgebase of human
genes and genetic phenotypes,” Current Protocols in Bio-
informatics, vol. 58, pp. 1.2.1-1.2.12, 2017.

[20] D. Szklarczyk, J. H. Morris, H. Cook et al., “The STRING
database in 2017: quality-controlled protein-protein associ-
ation networks, made broadly accessible,” Nucleic Acids Re-
search, vol. 45, no. D1, pp. D362-D368, 2017.

[21] Y. Wang, Z. Li, C. Liu et al,, “Drug target prediction based on
the herbs components: the study on the multitargets phar-
macological mechanism of gishenkeli acting on the coronary
heart disease,” Evidence-Based Complementary and Alterna-
tive Medicine, vol. 2012, Article ID 698531, 10 pages, 2012.

[22] T. Boonpiyathad, Z. C. Sozener, P. Satitsuksanoa, and
C. A. Akdis, “Immunologic mechanisms in asthma,” Seminars
in Immunology, vol. 46, Article ID 101333, 2019.

[23] A.Ray, M. Raundhal, T. B. Oriss, P. Ray, and S. E. Wenzelet,
“Current concepts of severe asthma,” Journal of Clinical In-
vestigation, vol. 126, no. 7, pp. 2394-2403, 2016.

[24] S. T. Holgate, “Innate and adaptive immune responses in
asthma,” Nature Medicine, vol. 18, no. 5, pp. 673-683, 2012.

[25] H. Kankaanranta, P. Kauppi, L. E. Tuomisto, and
P. Ilmarinen, “Emerging comorbidities in adult asthma: risks,
clinical associations, and mechanisms,” Mediators of In-
flammation, vol. 2016, Article ID 3690628, 23 pages, 2016.

[26] M. Y. Lee, 1. S. Shin, W. Y. Jeon, H.-S. Lim, J.-H. Kim, and
H. Ha, “Pinellia ternata breitenbach attenuates ovalbumin-
induced allergic airway inflammation and mucus secretion in
a murine model of asthma,” Immunopharmacology and
Immunotoxicology, vol. 35, no. 3, pp. 410-418, 2013.



12

[27] W. Dy, J. Su, D. Ye, and Y. Wang, Q. Huang and X. Gong,
“Pinellia ternata attenuates mucus secretion and airway in-
flammation after inhaled corticosteroid withdrawal in COPD
rats,” The American Journal of Chinese Medicine, vol. 44, no. 5,
pp. 1027-1041, 2016.

[28] R. Morris, N. J. Kershaw, and P. Sharma, “The molecular

details of cytokine signaling via the JAK/STAT pathway,”

Protein Science, vol. 27, no. 12, pp. 1984-2009, 2018.

K. Stokes, N. M. LaMarche, N. Islam, A. Wood, W. Huang,

and A. August, “Cutting edge: STAT6 signaling in eosinophils

is necessary for development of allergic airway inflammation,”

Journal of Immunology, vol. 194, no. 6, pp. 2477-2481, 2015.

[30] A. Y. Hendrix and F. Kheradmand, “The role of matrix
metalloproteinases in development, repair, and destruction of
the lungs,” Progress in Molecular Biology and Translational
Science, vol. 148, pp. 1-29, 2017.

[31] Y. Kuwabara, T. Kobayashi, C. N. D’Alessandro-Gabazza
et al, “Role of matrix metalloproteinase-2 in eosinophil-
mediated airway remodeling,” Frontiers in Immunology,
vol. 9, Article ID 2163, 2018.

[32] C. N. Felsen, E. N. Savariar, M. Whitney, and R. Y. Tsien,

“Detection and monitoring of localized matrix metal-

loproteinase upregulation in a murine model of asthma,”

American Journal of Physiology Lung Cellular and Molecular

Physiology, vol. 306, no. 8, pp. L764-L774, 2014.

M. Panek, T. Pietras, A. Fabijan et al., “The NR3Cl gluco-

corticoid receptor gene polymorphisms may modulate the

TGF-beta mRNA expression in asthma patients,” Inflam-

mation, vol. 38, no. 4, pp. 1479-1492, 2015.

M. Panek, T. Pietras, A. Antczak, P. Gorski, P. Kuna, and

J. Szemraj, “The role of functional single nucleotide poly-

morphisms of the human glucocorticoid receptor gene

NR3C1 in polish patients with bronchial asthma,” Molecular

Biology Reports, vol. 39, no. 4, pp. 4749-4757, 2012.

[35] P.J. Barnes and I. M. Adcock, “Glucocorticoid resistance in

inflammatory diseases,” Lancet (London, England), vol. 373,

pp. 1905-1917, 2009.

R. Beasley, J. Harper, G. Bird, I. Maijers, M. Weatherall, and

I. D. Pavord, “Inhaled corticosteroid therapy in adult asthma.

Time for a new therapeutic dose terminology,” American

Journal of Respiratory and Critical Care Medicine, vol. 199,

no. 12, pp. 1471-1477, 2019.

[29

(33

[34

(36

Evidence-Based Complementary and Alternative Medicine



