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Background: Zuojinwan (ZJW) is a traditional Chinese prescription normally used for gastritis. Several studies indicated that
it could fight against gastric cancer. This study was designed to determine the potential pharmacological mech-
anism of ZJW in the treatment of gastric cancer.

Material/Methods: Bioactive compounds and potential targets of ZJW and related genes of gastric cancer were retrieved from pub-
lic databases. Pharmacological mechanisms including crucial ingredients, potential targets, and signaling path-
ways were determined using protein-protein interaction (PPI) and Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analyses. Virtual docking was performed to validate the findings.

Results: Network analysis identified 47 active ZJW compounds, and 48 potential ZJW target genes linked to gastric
cancer. Quercetin, beta-sitosterol, isorhamnetin, wogonin, and baicalein were identified as potential candidate
agents. Our PPl analysis results combined with previously published results indicated that matrix metallopro-
teinases family members MMP9, MMP1, and MMP3 may play key roles in the anti-gastric cancer effect of ZJW.
Molecular docking analysis showed that these crucial targets had good affinity for the representative compo-
nents in ZJW. GO and KEGG enrichment analysis showed that ZJW target genes functioned in multiple path-
ways for treating gastric cancer, including interleukin-17 signaling and platinum drug resistance.

Conclusions: Our results illuminate the active ingredients, associated targets, biological processes, and signaling pathways
of ZJW in the treatment of gastric cancer. This study enhances our understanding of the potential effects of
ZJW in gastric cancer and demonstrates a feasible method for discovering potential drugs from Chinese me-
dicinal formulas.

MeSH Keywords: Medicine, Chinese Traditional ¢ Pharmacology ¢ Stomach Diseases

Abbreviation: ZJW - Zuojinwan; TCM - Traditional Chinese Medicine; TCMSP - Traditional Chinese Medicine Systems
Pharmacology; BATMAN-TCM - Bioinformatics Analysis Tool for Molecular mechANism of Traditional
Chinese Medicine; OB - oral bioavailability; DL — drug-likeness; GO — gene ontology; KEGG —Kyoto
Encyclopedia of Genes and Genomes; PPI — protein—protein interaction; BP - biological process;
CC - cell component; MF — molecular function
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Background

Gastric cancer is the fifth most common malignancy and the
third leading cause of cancer-related death worldwide [1].
Yearly, more than 950 000 patients are diagnosed with gas-
tric cancer [2]. More than half of the world’s stomach cancer
occurs in East Asia, and the overwhelming majority occurs in
China. To date, no globally acceptable standard regimen for the
treatment of advanced gastric cancer has been established [3].
Neoadjuvant chemotherapy, as well as various chemothera-
peutic agents, have shown efficacy in the treatment of gastric
cancer [4,5]. However, there are 2 unavoidable barriers to suc-
cessful treatment: tumor cell resistance to anticancer agents
and systemic damage of chemotherapeutic agents [6]. Hence,
it remains necessary to explore novel, safe, and effective strat-
egies for the treatment of gastric cancer.

Zuojinwan (ZJW) is a traditional Chinese prescription formed by
Rhizoma coptidis (R. coptidis, Chinese name: Huanglian) and
Euodia rutaecarpa (E. rutaecarpa, Chinese name: Wuzhuyu) at a
ratio of 6: 1. ZJW was first mentioned in a famous ancient med-
icine treatise, “Dan-Xi-Xin-Fa”, of the Yuan dynasty. R. coptidis is
the dried rhizome of Coptis chinensis Franch. and is widely used
in the treatment of gastrointestinal disorders, hepatic damage,
and diabetes [7]. E. rutaecarpa is obtained from the immature
fruit of Evodia rutaecarpa Benth. and is widely used in the treat-
ment of various diseases, including headache, inflammation, and
hypertension [8]. Accumulating evidence suggests that ZJW, its
comprising herbs R. coptidis and E. rutaecarpa, and its active com-
pounds possess a certain anti-tumor effects [9,10]. ZJW is used as
a synergistic drug for patients with cisplatin (DDP)-resistant gas-
tric cancer [11]. Furthermore, ZJW can be used as an inhibitor of
chemoresistance in gastric cancer, which may partly be due to de-
phosphorylation of p-cofilin-1[12], regulation of ROCK/PTEN/PI3K
signaling [13], and induction of mitochondrial apoptosis and AKT
inactivation [14]. Despite these previous studies, the active com-
pounds within ZJW, their anti-gastric cancer effects, potential tar-
gets, and molecular mechanism remain largely unknown.

Traditional Chinese medicine (TCM) theory is characterized by
holistic and systematic concepts. In TCM, it is widely believed
that many components act on a variety of cellular targets in
multiple pathways for therapeutic purposes. The emergence
of network pharmacology, with characteristics consistent with
the holistic view of TCM, makes it possible to elucidate the
complex network of relationships between TCM and diseas-
es [15-18]. Network pharmacology can reveal the interactions
between targets of compounds in herbs and genes associat-
ed with specific diseases [19-21].

In this study, a network pharmacology-based approach, com-
bined with molecular docking analysis, was used to determine
the active ingredients, potential targets, and pharmacological
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mechanism of ZJW in the treatment of gastric cancer (Figure 1).
Firstly, we searched for information of bioactive compounds
in ZJW, and identified candidate target genes for these com-
pounds using public databases. Then, the target genes of gastric
cancer were obtained from multiple databases. Subsequently,
the ZJW target genes and related signaling pathways against
gastric cancer were revealed. The composite compounds of
ZJW and the corresponding major target candidates were fur-
ther validated by molecular docking analysis.

Material and Methods

Composite compounds of ZJW

The information about compounds from “R. coptidis” and
“E. rutaecarpa” in ZJW were identified through searching the
following chemical databases: Traditional Chinese Medicine
Systems Pharmacology (TCMSP) database (http://Isp.nwu.edu.
cn/temsp.php) [22]; Traditional Chinese Medicine Database®
Taiwan (http://tcm.cmu.edu.tw/zh-tw/) [23]; and Bioinformatics
Analysis Tool for Molecular mechANism of Traditional Chinese
Medicine (BATMAN-TCM) (http://bionet.ncpsb.org/batman-
tcm/) [24]. In brief, the online databases are searched using
the name of the herbal medicine to obtain corresponding com-
pound information, and then all ingredients of the herbal med-
icine were determined by removing the duplicate ingredients.

Pharmacokinetic prediction

Most TCM ingredients cannot reach the specific protein tar-
gets in cells due to their lack of suitable pharmacological prop-
erties. Oral bioavailability (OB) is one of the most important
pharmacokinetic parameters in the ADME (absorption, distri-
bution, metabolism, and excretion) properties of drugs. OB
is indispensable for determining whether a compound in a
Chinese medicine prescription has pharmacological activity [25].
Accurate early evaluation of the drug-likeness (DL) properties
of compounds can help to identify if a compound is chemically
suitable for use as a drug. Evaluation of the DL of a molecule
is related to parameters affecting its pharmacodynamics and
pharmacokinetic profiles, which ultimately impact its ADME
properties [26]. In the present study, the specific OB and DL
values were collected from the TCMSP database. Compounds
with OB >30% and DL >0.18 were selected for further analysis.

Prediction of drug targets for Z)W

The putative targets of active components in ZJW were ob-
tained from the TCMSP, a database which also includes detailed
drug targets and their relationships to disease [22]. We limit-
ed the species of target proteins to “Homo sapiens” and ob-
tained their corresponding official symbols through UniProtKB.
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Figure 1. Schematic of the network pharmacological analysis used to identify the potential mechanism of Zuojinwan action on gastric

cancer.

Collection of gene targets for gastric cancer

Disease targets were retrieved from GeneCards (http://www.
genecards.org) and Online Mendelian Inheritance in Man
(OMIM, http://www.omim.org) [27]. We searched these data-
bases using the keywords “gastric cancer” and “stomach can-

er”. Then, the putative target genes of ZJW were mapped to
the gastric cancer identified targets. Lastly, the candidate anti-
gastric cancer targets of ZJW were identified.

Validation of candidate targets in The Cancer Genome
Atlas (TCGA) database

Stomach cancer genes from The Cancer Genome Atlas (TCGA)
database were used to validate candidate targets of ZJW
against gastric cancer. Firstly, gene expression quantification
data form gastric cancer samples were downloaded from the
TCGA database (retrospect to April 1, 2019). Then, “edgeR”,
a Bioconductor package based on R language (Version 3.26.0,
http://www.r-project.org), was applied to identify the differ-
entially expressed mRNAs (DEmRNA) between tumor tissues
and adjacent non-tumor gastric tissues. DEmRNAs with abso-
lute values of log2 Fold Change >1.5 and adjusted P-values
<0.05 were identified for subsequent validation. Subsequently,

a Venn diagram was used to intersect the candidate targets of
Z)W against gastric cancer with the gastric cancer DEMRNA ob-
tained from the TCGA database. The intersecting genes were
considered potential targets of ZJW against gastric cancer.

Enrichment analysis

To explore the gene functions, Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment analyses were conducted using “cluster profile” [28], a
Bioconductor package based on R language. The Benjamini-
Hochberg method was used to adjust the P value [29]. Only
functional annotations with an enrichment P-value less than
0.05 were chosen for further analysis.

Protein—protein interaction (PPI)

Core regulatory genes can be identified by studying the protein-
protein interaction (PPI). There are many databases related to PPI,
and the STRING database (https://string-db.org/) covers the great-
est number of species and has more interactive information [21].
In this study, the obtained target was submitted to STRING, with
the species limited to “Homo sapiens” and confidence scores
limited to those >0.4, and the PPI data were extracted.
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Network construction

Four networks were constructed: 1) active compound-target net-
work of ZJW; 2) potential compounds-potential targets network
of ZJW against gastric cancer; 3) potential compounds-poten-
tial targets-pathways network of ZJW against gastric cancer;
and 4) PPI network of the potential targets of ZJW against gas-
tric cancer. The PPI network was completed directly on STRING
(version: 11.0, www.string-db.org), and the other 3 networks
were constructed using the Cytoscape network visualization
software (http://cytoscape.org/, ver. 3.7.1).

There are some closely connected regions of molecular com-
plexes in large PPI networks, which are called clusters or to-
pology modules [30,31]. Using network topology attributes to
integrate molecular functions and disease-related informa-
tion, the hidden functional modules and disease information
in protein networks might be discovered [31]. We identified
the protein clusters using MCODE [30], a Cytoscape plug-in.
Then, proteins contained in each cluster were entered into the
STRING database to reproduce the corresponding cluster map
and predict functional associations between proteins.

Molecular docking

Molecular docking relies on the “lock-key principle” of ligand-
receptor interaction and mimics the interaction between
small molecule ligands and receptor bio-macromolecules [32].
Through calculations the combination mode and affinity be-
tween the compounds and proteins can be predicted [33,34].
The whole molecular docking process, performed on Molecular
Operating Environment (MOE) (v2015.10), includes 3 steps:
receptor preparation, receptor grid generation, and docking.
Firstly, the crystallographic protein structure was download-
ed from PDB bank (https://www.wwpdb.org/) and imported
into MOE. Then, modified protein processing including pro-
tonation, water molecule removal, structure preparation, and
energy minimization, was simulated. Subsequently, the re-
ceptor grid was generated for determining the docking site
on proteins. The ligand position in the protein receptor was
the site at which the docking was centered. Lastly, the 3-di-
mensional compound structure, drawn in ChemBioDraw, was
imported into MOE, and standard docking was performed be-
tween the prepared protein structure and the 3-dimensional
compound structure.

Results

ZJW compounds

Using databases, we identified a total of 234 compounds in
ZJW (Supplementary Table 1), including 62 from R. coptidis and
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180 from E. rutaecarpa. Based on the criteria (OB >30% and
DL >0.18), 17 and 33 active compounds were identified from
R. coptidis and E. rutaecarpa, respectively. Berberine, obacu-
none, and quercetin were the active ingredients shared by both
herbs. The details of active compounds are described in Table 1.

The putative target genes of ZJW

Based on the target prediction system in the TCMSP data-
base, 176 and 172 putative targets were identified for R. cop-
tidis and E. rutaecarpa, respectively. Most of the targets were
overlapping, indicative of potential interactions between the
2 herbs in the course of treatment. Combining the targets
of the 2 herbs, we obtained 188 putative ZJW gene targets
(Supplementary Table 2).

Identification of ZJW targets for gastric cancer treatment

Gastric cancer target genes were retrieved from GeneCards
and OMIM. In total, 20 507 potential target genes related to
gastric cancer were collected. By intersecting the 188 target
genes of ZJW with the 20507 potential target genes related
to gastric cancer, we obtained 185 intersections. These inter-
sections were considered potential candidate targets of ZJW
against gastric cancer. The vast majority of ZJW target genes
overlapped, highlighting the efficacy of ZJW in gastric cancer
treatment (Supplementary Table 3 and Figure 2A).

Candidate therapeutic targets validation in TCGA database

A total of 2771 gastric cancer related DEmRNAs were identi-
fied in 381 tumor samples and 32 adjacent non-tumor sam-
ples from the TCGA database. These DEmRNAs included 1498
(54.06%) significantly upregulated genes and 1273 (45.94%)
significantly downregulated genes (Supplementary Table 4).

Comparison of the 185 potential ZJW candidate targets against
gastric cancer with the 2771 gastric cancer DEmRNAs from
TCGA revealed 48 common genes. These common genes were
considered potential anti-gastric cancer ZJW target genes
(Table 2, Figure 2B).

Network construction of putative ZJW targets

A network diagram consisting of 224 nodes and 550 edg-
es was constructed using 47 active compounds and 188 ZJW
target proteins (Figure 3). As shown in this compound-target
network, nodes with a greater number or edges have great-
er importance within the network, are presented as larger in
size, and are the ones on which to focus. The top 5 ingredi-
ent nodes with the greatest number of edges were quercetin,
wogonin, baicalein, beta-sitosterol, and isorhamnetin. The top
5 gene nodes were PTGS2, AR, PTGS1, SCN5A, and ADRB2.
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Table 1. A list of the active compounds in Zuojinwan for network analysis.

MOL ID Compound name Molecular formula (0]:] DL

MOL001454 Berberine C20H18NO4+ 36.86 0.78
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Table 1 continued. A list of the active compounds in Zuojinwan for network analysis.

MOL ID Compound name
MOL002903 (R)-Canadine
MOl002904 Berlambine
Molo02907 Corchoroside Aqt
Moloo0622 Magnogiandiolide
Molooo7e2 PamidinA
molooo78s Palmatine
molooiass Coptisine
MoLo0266s Worenine
Moloosed7 Moupinamide
moloo2714 Baicalein
Moloo2776 Baicalin
Molooo173 Wogonin

Molecular formula (0]:] DL

C20H21NO4 55.37 0.77
""""""""""""""""""" C20HI7NOS 3668 082
""""""""""""""""""" C23H3206 10495 078
""""""""""""""""""" C15H2204 6371 019
""""""""""""""""""" C30H2208 3536 065
""""""""""""""""""" C21H22NO4+ 646 065
""""""""""""""""""" CloH1aNO4 3067 086
""""""""""""""""""" C20HI6NO4+ 4583 087
""""""""""""""""""" Cl8HINO4 8671 026
""""""""""""""""""" Cl5H1005 3352 021
"""""""""""""""""" 2118011 4012 075
""""""""""""""""""" Cl6H1205 3068 023

OB - oral bioavailability; DL — drug-likeness.

A

GCtargetgenes  ZJW target genes B TCGA database

(andidate genes

Figure 2. Zuojinwan (ZJW) target gene
prediction for gastric cancer treatment.
The overlapping number of gastric
cancer (GC) and ZJW target genes (A),
and the number of overlapping gastric
cancer genes from The Cancer
Genome Atlas (TCGA) database and
ZJW candidate genes against GC (B).

Network construction and enrichment analysis of ZJW
anti- gastric cancer genes

After extracting information about the relationship between
the 48 potential anti-gastric cancer target genes of ZJW from
the STRING website, a gene-gene interaction network, contain-
ing 47 nodes and 190 edges, was constructed (Figure 4A). In
the PPI network, the hub genes with the higher degree values
were MMP9, SERPINE 1, CXCL8, MMP1, SPP1, ERBB2, CRP, and
MMP3. The number of edges connected to these nodes were
relatively high (22, 19, 19, 18, 17, 16, 16, and 15 for MMP9,
SERPINE1, CXCL8, MMP1, SPP1, ERBB2, CRP, and MMP3, respec-
tively). Calculation results suggested that these central genes
may be important or key target genes in the anti-gastric can-
cer effects of ZJW. MCODE network analysis revealed 4 clus-
ters (Figure 4B, Table 3). The highest scoring cluster, cluster 1,
contained 11 nodes and 53 edges, including CXCL10, MPO,
IFNG, MMP1, MMP9, SERPINE1, CRP, MMP3, SPP1, IL1A, and
CXCL8. Cluster 2 contained 5 nodes (MAOB, ADRA1D, SLC6A4,

ADRAIA, and SLC6A3) and 53 edges. Cluster 3 and 4 each con-
tained 3 nodes and 3 edges.

GO and KEGG pathway enrichment analyses were performed
to explore the functions of the 48 potential anti-gastric can-
cer target genes of ZJW. In GO analysis, the 48 potential tar-
get genes were significantly enriched in 335 biological pro-
cess (BP), 29 cell components (CC), and 49 molecular functions
(MF) (P<0.05). The top 3 BP terms were blood circulation (GO:
0008015), circulatory system process (GO: 0003013), and re-
sponse to xenobiotic stimulus (GO: 0009410) (Figure 5A).
The top MF terms were mainly enriched in CXCR chemokine
receptor binding (GO: 0045236), adrenergic receptor activity
(GO: 0004935), and G protein-coupled amine receptor activity
(GO: 0008227). The top CC terms included integral component
of presynaptic membrane (GO: 0099056), intrinsic component
of presynaptic membrane (GO: 0098889), and extracellular
matrix (GO: 0031012). KEGG pathway analysis identified 19
pathways that potentially participate in the anti-gastric cancer

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€923327-6




Zhang Z. et al.:
A network pharmacology analysis of the active components...
© Med Sci Monit, 2020; 26: €923327

Table 2. Target genes of Zuojinwan for treating gastric cancer.

No. Gene No. Gene

1 COL1A1 13 TOP2A
"""""" 2 BRS 14 sic2A4
"""""" s 15 cRM2z
"""""" 4 opiAl 16 SERPINEI
"""""" s w17 pPlGsT
"""""" 6  ADRAIA 18 PYGM
"""""" 7 owAa 19 AR
"""""" 8 s 20 cveaAe
"""""" o okl o E3
""""" 10 ADRAID 22 GRA2
""""" n mmer 23 PRSI
""""" 12 Aoxi2 24 MMPO

DATABASE ANALYSIS

No. Gene No. Gene

25 KCNH2 37 MMP3
""""" 2%  EFR1 38  GsTMI
""""" 7 oan 39 EReB2
""""" 2  oxas 4 PR
""""" 2 M0 a1 oxao
""""" 30 aAre2 4 Dol
""""" 3 MeAM 43 GSTMZ
""""" 2 coiAr 44 SICeA3
""""" 3 aBcGz 45 PLAU
""""" 34 MAOB 46 SIC6Ad
""""" 5. G2 a1 PONI
""""" 3 NG 48 CHEKI

mechanism of Z)W (Figure 5B). Among these pathways, “Bladder
cancer”, “IL-17 signaling pathway”, and “Prostate cancer” were
the most enriched. Additionally, our results also showed that
platinum drug resistance, cellular senescence, and toll-like re-
ceptor signaling pathways were all closely connected to the
progress and development of gastric cancer.

An interaction network was constructed using 57 active com-
pounds and 48 potential anti-gastric cancer target genes of
ZJW and a network diagram consisting of 84 nodes and 185
edges was obtained (Figure 6). The top 5 compound nodes with
the greatest number of edges included quercetin, beta-sitos-
terol, isorhamnetin, wogonin, and baicalein. The top 5 gene
nodes with the greatest number of edges included PTGS1, AR,
ADRB2, KCNH2, and PRSS1.

Nineteen KEGG pathways, related target genes and correspond-
ing compounds, were imported to Cytoscape to construct the
active compound-target-pathway anti-gastric cancer network
of ZJW, which contained 86 nodes and 227 edges (Figure 7).
The “IL-17 signaling pathway” contained the highest number
of genes (n=6) followed by “Platinum drug resistance” (n=5),
and “Cellular senescence” (n=5). These pathways, with the
highest number of potential targets, may be key pathways in
ZJW treatment of gastric cancer. Interestingly, we found that
some genes are involved in multiple pathways. For example,
CXCL8 is involved in both the “IL-17 signaling pathway” and
the “Toll-like receptor signaling pathway”. These results also
show that ZJW acts on gastric cancer through multiple path-
ways, multiple targets, and overall cooperation.

Molecular docking analysis

The core PPI network targets were input into the PDB data-
base. Proteins were selected for MOE molecular docking anal-
ysis based on the published evidence, being from the human
species, having a greater number of ligands, and being suc-
cessfully able to build pockets in the MOE. Three key target
proteins, including MMP9 (PDB code: 1gkc), MMP3 (PDB code:
1d5j), and MMP1 (PDB code: 1fbl), were selected as success-
ful preparations of the receptor protein, followed by molecu-
lar docking with berberine, isorhamnetin, quercetin, wogonin,
(R)-canadine, baicalein, baicalin, berlambine, and evodiamine.

MMP9 linked to berberine, isorhamnetin, quercetin, and wogo-
nin (Figures 8A-8D). Berberine formed one hydrogen bond
and one H-w conjugation with GLU402 and LEU187 in MMP9,
respectively (Figure 8a). Isorhamnetin formed 2 hydrogen bonds
with GLU402 in MMP9 (Figure 8b). Quercetin formed one hydro-
gen bond and one H-w conjugation with LEU188 and GLU402
in MMP9, respectively (Figure 8c). Wogonin formed one hy-
drogen bond with TYR423 in MMP9 (Figure 8d).

The binding modes of MMP3 with berberine, isorhamnetin,
quercetin, and wogonin were determined (Figure 8E-8H).
Berberine formed 2 m-H conjugations with ASN162 and VAL163
in MMP3 (Figure 8e). Isorhamnetin formed one H-x conjugation
and one 7-H conjugation with LEU164 and TYR155 in MMP3,
respectively (Figure 8f). Quercetin formed one H- conjugation
and one 7-H conjugation with LEU164 and TYR155 in MMP3,
respectively (Figure 8g). Wogonin formed one n-t bond with
HIS201 in MMP3 (Figure 8h).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€923327-7




DATABASE ANALYSIS

Zhang Z. et al.:
A network pharmacology analysis of the active components...
© Med Sci Monit, 2020; 26: €923327

oS =P
Cx@11
C) cY@B1
N.Z.:5 T2<.2A
| '.?.Q MABR14 L 4 . ® 1682 M.Sr. »
3 |/ @r
NGB3
D@x2
NRERL2 BRSS
@10 PREEB
cfibk V@i
et séle
R EIF6 e
RAGBF1 X & 5 1081
e van; cY@ana o@n
e22 N ' o
e @z o
o@p @&
1@ ol o
cofge HN@X1
I8 C'M AGREA
ERBB3 ERBB2
oo Cl.lz RUR1T1
Po@icE S@r1
NPERPS coffyia s@b1
Rz REB1
RABAT C.)T TER1
c§pt ofig1
Ggim2 ROR
ARA NAEBIA
ORRD1 =731
®
CHENA2

8803 rgp

o e @ c‘OBa".ﬁff}.1 ®'®’

Figure 3. Compound-target network of Zuojinwan. Red circle nodes stand for the target genes. The representatives of yellow, green,
and purple nodes stand for compounds in R. coptidis, E. rutaecarpa and both, respectively. The size of the node represents
the size of the degree. E. rutaecarpa — Euodia rutaecarpa; R. coptidis — Rhizoma coptidis.

The binding modes of MMP1 with berberine, isorhamnetin,
quercetin, and wogonin were determined (Figures 81-8L). One
n-H conjugation combined berberine with ASN180 in MMP1
(Figure 8i). Isorhamnetin was linked to GLU219 in MMP1 via 2
hydrogens (Figure 8]). Two hydrogens also combined quercetin
with GLU219 in MMP1 (Figure 8k). Wogonin formed one hy-
drogen bond with GLU219 in MMP1, and 2 w-H conjugations
with LEU181 and TYR240 in MMP1 (Figure 8l).

In summary, docking simulation studies show that the differ-
ent binding models between compounds and proteins have
different binding abilities. The detailed energy docking score

is described in Table 4. The lower the score, the more stable
the ligand-receptor binding. The computational results indi-
cate that representative compounds in ZJW could combine
well with the target genes.

Discussion

To the best of our knowledge, this is the first study integrating
network pharmacology and molecular docking analyses to re-
veal the pharmacological mechanisms of ZJW for treating gas-
tric cancer. We identified a total of 47 active compounds in ZJW.
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Figure 4. (A, B) Protein-protein interaction network of Zuojinwan anti-gastric cancer genes. Edges represent protein-protein
associations, including known interaction (azure represents curated database evidences, purple represents experimentally
determined evidences), predicted interactions (green represents gene neighborhood, red represents gene fusions, and blue
represents gene co-occurrence), and others (light green represents text mining, black represents co-expression, and light blue
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Table 3. Cluster of target genes of Zuojinwan anti-gastric cancer protein-protein interaction network.

Cluster Score Nodes Edges Node IDs
1 10.6 1 53 CXCL10, MPO, IFNG, MMP1, MMP9, SERPINE1, CRP, MMP3,
SPP1, IL1IA, CXCL8
2 4.5 5 9 MAOB, ADRA 1D, SLC6A4, ADRAIA, SLC6A3
"""""" s 3 3 3 cpuayoemas
4 3 3 3 TOP2A, CHEK1, BIRC5
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Figure 5. GO and KEGG enrichment analysis of Zuojinwan anti-gastric cancer genes. The GO enrichment analysis of Zuojinwan anti-
gastric cancer genes (A). The ontology covered 3 domains: biological process, cellular component, and molecular function.
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Figure 6. Potential compounds-potential targets network of Zuojinwan for treating gastric cancer. The representative of red, orange,

yellow, and purple nodes is the same as Figure 3.

Furthermore, a total of 48 potential target genes related to the
action of ZJW in gastric cancer were identified. PPl analysis re-
vealed that the top-ranking genes, MMP9, SERPINE1, CXCL8,
MMP1, SPP1, ERBB2, CRP, and MMP3, may be the crucial tar-
gets for treating gastric cancer. Functional enrichment anal-
ysis revealed the over-represented GO terms and their func-
tional domains. KEGG pathway enrichment analysis revealed
that the 48 target proteins were significantly enriched in 19
related signal pathways. Among them, interleukin (IL)-17 sig-
naling and platinum drug resistance appeared to be the most
critical pathways involved in the treatment of gastric cancer.
Furthermore, molecular docking analysis demonstrated that
the representative compounds could bind to the target pro-
tein binding site.
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In recent years, numerous natural products originating from
Chinese herbal medicine have attracted considerable atten-
tion as anti-cancer agents because of their high therapeutic
value and low systemic toxicity [35]. Previous studies have
demonstrated that berberine and evodiamine, the major bio-
active ingredients in ZJW, exhibit anti-cancer effects in gastric
cancer by inhibiting proliferation and inducing apoptosis and
autophagic cell death [36-39]. Other representative ingredi-
ents in ZJW, including baicalein, baicalin, wogonin, isorham-
netin, and beta-sitosterol, are also involved in the anti-gastric
cancer effect [40-44]. Collectively, a series of studies involving
the active ZJW ingredients have provided evidence for the ef-
ficacy of ZJW in the treatment of gastric cancer. By construct-
ing a component-target relationship network, we showed for

Indexed in:
[ISI Journals Master List] [Index Medicus/MEDLINE]
[Chemical Abstracts/CAS]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



DATABASE ANALYSIS

Zhang Z. et al.:
A network pharmacology analysis of the active components...
© Med Sci Monit, 2020; 26: €923327

|nf¢ A

Metabolism of
xen by

cyt e

P450 asime
NG
IEA

Plaiﬂ' um
resistance

Transcriptional
mis| ion
in cancer

cgfmt ERBB2

1-methyl-2-[(Z)-pentadec-10-enyl]-4-quinolone

B hydroxyevodiamine 1-methyl-2-undetyl-4-quinolone ngnzymes
dihydrorutdecarpine
ILA7 isorh¥netin 4 Jyeoap Drug
si M@1 Evodigmine et e
thwa rutaeVrpine S t
pa y Goshuywamidell cy Pa%0 °
MQ?3 Worenine =t
Rutalinidine CX._1O
i i wogonin
Relaxin |\/°9 baiFon berdgrine Y
si beta-%sterol COLBA1 C ical
2-Hydroxy-3-formyl-7-methoxycarbazole . R .
pathway qu tin Bararibine carci esis
MPO coptisine COMIA1
N-(2-Methylaminohénzoyl)tryptamine 1 -methyl-2-n(M-4-quinolone
PleAU palmatine Evocarpine
Rheufhiatoid ; CHRM2
3 A (R)-Canadine Evodigmide C r
P"‘ epiberberine e( sen nee
Goshuyyamide | c 1
berberrubine
. oz gossypetin
Gravacridoneshlirine BIRC5
Ser rgic 6-OH-luteolin 1-methyl-2-pentadecyl-4-quinolone .
synapse  SERRINE1 Calgium
1-(5,7,8-trimethoxy-2,2-dimethylchromen-6-yl)ethanone si
SLEBA4 ALOX12 Py
Toll-like
reator SRP1 I AGE-RAGE
i ADRA1A ADRATD signaling
5 p in
pathway diabetic

B*r
An’sis e o

Pr; e
[¢ r

Fluid shear
str d
atherosclerosis
CYP3A4

CYR1A1

Drug

me sm

r

complications

Figure 7. Potential compounds-potential targets-pathways network of Zuojinwan for treating gastric cancer. Blue diamond nodes
stand for pathways. The representative of red, orange, yellow, and purple nodes is the same as Figure 3.

the first time that quercetin is the most important ZJW com-
pound for treating gastric cancer. Quercetin is a polyphenolic
compound with many biological activities and is abundant-
ly distributed in plants, foods, and beverages [45]. In a large
Swedish population-based case-control study, it was observed
that quercetin significant negatively correlates with the risk of
noncardiac gastric adenocarcinoma [46]. Quercetin not only
has its own cytotoxic effect on gastric cancer cells, but also
acts synergistically with cytostatic drugs (such as daunoru-
bicin). Therefore, quercetin is considered to be a prospective
chemosensitizer with the ability to overcome resistance to
chemotherapy drugs in gastric cancer cells [47,48]. These ob-
servations further highlight that quercetin plays a vital role in
the function of ZJW in gastric cancer.
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Matrix metalloproteinases (MMPs), endopeptidases with diverse
biochemical functions, possess the ability to promote cancer cell
invasion and metastases formation [49]. Interestingly, 3 core
PPI network genes, MMP9, MMP3, and MMP1, belong to the
MMP family. Several genetic polymorphisms have been identi-
fied that show allele specific effects on MMP9 regulation and
are associated with gastric cancer [50]. Increased production
and activation of MMP3 and MMP1 might promote remodel-
ing of the cell microenvironment in gastric cancer [51]. These
data suggest that the effect of ZJW on gastric cancer occurs
through some MMP family genes. Hence, the molecular dock-
ing method was used to explore the in-silico simulation match-
ing between these genes and the representative compounds in
ZJW. Molecular docking results show that MMP9, MMP3, and
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. The docking model of compounds with MMP9, MMP3, and MMP1. Binding model of berberine (A), isorhamnetin (B),
quercetin (C), and wogonin (D) on the molecular surface of MMP9. The interaction model of berberine (a), isorhamnetin (b),
quercetin (c), and wogonin (d) with MMP9. Binding model of berberine (E), isorhamnetin (F), quercetin (G), and wogoOnin (H)
on the molecular surface of MMP3. The interaction model of berberine (e), isorhamnetin (f), quercetin (g), and wogonin (h)
with MMP3. Binding model of berberine (1), isorhamnetin (J), quercetin (K), and wogonin (L) on the molecular surface of
MMP1. The interaction model of berberine (i), isorhamnetin (j), quercetin (k), and wogonin () with MMP1. The ligands in
binding model and interaction model are colored in green and within the dashed line, respectively. The length of the bond
was added on the bond.
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Table 4. Virtual docking of 4 representative ingredients from Zuojinwan for gastric cancer targets.

Compound

Binding energy/(kcal-mol-*)

Original ligands

Evodiamine

MMP — matrix metalloproteinases.

MMP1 exhibited good affinity for those compounds, indicat-
ing an interactive relationship between the active compounds
and target genes. Further research is required to confirm these
results. Other core genes are closely connected to the anti-
gastric cancer effect. A clinical study has shown that CXCL8
is strongly associated with worse overall survival in patients
with gastric cancer and may be a potential biomarker for gas-
tric cancer [52]. Silencing of SPP1 may also contribute to the
inhibition of proliferation, migration, invasion, and the epithe-
lial-to-mesenchymal transition in gastric cancer cells via sup-
pression of the PI3K/AKT signaling pathway [53].

KEGG pathway analysis revealed that Z)W-targeted genes were
mainly associated with signal pathways diseases, especial-
ly tumor-related disease. This suggests that ZJW might exert
anti-tumor effects on various malignant tumors. Furthermore,
we found that ZJW exerts a therapeutic effect on gastric can-
cer through multiple pathways. Among them, IL-17 signaling
and platinum drug resistance are key pathways that may be
involved in the anti-gastric cancer mechanism of ZJW. IL-17,
a CD4 T cell-derived mediator of angiogenesis, plays a ma-
jor role in stimulating angiogenesis. Constitutive activation of
IL-17A regulates cancer cell proliferation, migration, and apop-
tosis, and induces the elaboration of other protumor factors in
vitro [54]. In addition, the IL-17 signaling pathway plays a piv-
otal role in the development of gastric cancer through multi-
ple pathways, including inflammation and immunity [55]. Our
network analysis revealed that the IL-17 signaling pathway
contained the most genes. Additional enriched pathways in-
volved in gastric cancer pathology include “platinum drug re-
sistance”. Previous studies indicate that ZJW extracts can en-
hance the proapoptotic effects of DDP in human gastric cancer
SGC-7901/DDP cells and the inhibiting effects of DDP on tu-
mor growth in an SGC-7901/DDP xenograft model [11]. Taken

together, these data suggest that ZJW might be used as a syn-
ergistic drug with chemotherapeutic drugs for treating gas-
tric cancer, although further research should be conducted to
confirm this effect.

Here, we used network pharmacology and data analysis to
elucidate the therapeutic mechanism of ZJW in gastric can-
cer, and validated the results using molecular docking analy-
sis. The network pharmacological analysis approach applied
still had several limitations, including the need for further
pharmacological experiments to validate the anti-gastric can-
cer mechanisms of ZJW.

Conclusions

Our results have uncovered the multi-component, multi-tar-
get, and multi-pathway potential mechanism underlying the
action of ZJW in gastric cancer. These results enhance our un-
derstanding of the potential anti-tumor effects of ZJW in gastric
cancer. Moreover, the target genes and pathways most likely
to be associated with the potential anti-gastric cancer mech-
anisms of ZJW are worthy of further experimental validation.

Data availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request, unless there
are legal or ethical reasons for not doing so.
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Supplementary Table 1. A total of 234 compounds in ZJW retrieved from databases.

Supplementary Table 2. A list of potential target genes of Zuojinwan.

Supplementary Table 3. Potential candidate targets of Zuojinwan for treating gastric cancer.
Supplementary Table 4. A total of 2771 DEmRNAs related to gastric cancer found in the TCGA database.

Supplementary tables available from the corresponding author on request.
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