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Weibing Formula 1, a classic traditional formula, has been widely used clinically to treat gastritis in recent years. However,
the potential pharmacological mechanism of Weibing Formula 1 is still unclear to date. A network pharmacology-based
strategy was performed to uncover the underlying mechanisms of Weibing Formula 1 against gastritis. Furthermore, we
structured the drug-active ingredients-genes—disease network and PPI network of shared targets, and function enrichment
analysis of these targets was carried out. Ultimately, Gene Expression Omnibus (GEO) datasets and real-time quantitative
PCR were used to verify the related genes. We found 251 potential targets corresponding to 135 bioactive components of
Weibing Formula 1. Then, 327 gastritis-related targets were known gastritis-related targets. Among which, 60 common
targets were shared between potential targets of Weibing Formula 1 and known gastritis-related targets. The results of
pathway enrichment analysis displayed that 60 common targets mostly participated in various pathways related to Toll-like
receptor signaling pathway, MAPK signaling pathway, cytokine-cytokine receptor interaction pathway, chemokine signaling
pathway, and apoptosis. Based on the GSE60427 dataset, 15 common genes were shared between differentially expressed
genes and 60 candidate targets. The verification results of the GSE5081 dataset showed that except for DUOX2 and
VCAMI, the other 13 genes were significantly upregulated in gastritis, which was consistent with the results in the
GSE60427 dataset. More importantly, real-time quantitative PCR results showed that the expressions of PTGS2, MMP9,
CXCL2, and CXCL8 were significantly upregulated and NOS2, EGFR, and IL-10 were downregulated in gastritis patients,
while the expressions of PTGS2, MMP9, CXCL2, and CXCL8 were significantly downregulated and NOS2, EGFR, and IL-
10 were upregulated after the treatment of Weibing Formula 1. PTGS2, NOS2, EGFR, MMP9, CXCL2, CXCL8, and IL-10
may be the important direct targets of Weibing Formula 1 in gastritis treatment. Our study revealed the mechanism of
Weibing Formula 1 in gastritis from an overall and systematic perspective, providing a theoretical basis for further
knowing and application of this formula in the future.

1. Introduction the gastric mucosal epithelium, resulting in persistent

chronic inflammatory changes [1]. Gastritis is mainly caused
Gastritis is digestive diseases with high incidence, which is by Helicobacter pylori infection, drug induction by nonste-
mainly manifested as variety of pathogenic factors invading ~ roidal  anti-inflammatory  drugs, ~smoking, alcohol
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F1GURE 1: The flowchart of network pharmacology-based strategy for deciphering the mechanisms of Weibing Formula 1 acting on gastritis.

consumption, and other factors [2, 3]. Gastritis is classified
into acute gastritis and chronic gastritis according to the
duration of disease [4]. Although the incidence of chronic
gastritis has declined in recent decades, it remains a serious
medical problem worldwide [5]. Gastritis has been recog-
nized as a precancerous lesion of gastric cancer [6]. Despite
current treatments such as antacids, H-2 blockers, proton
pump inhibitors, and antibiotics can relieve some of the main
symptoms of gastritis, and these drugs can also cause a series
of serious side effects, including osteoporosis, hypercarotene-
mia, constipation, and diarrhea [2]. Therefore, it is urgently
to exploit novel and safe therapeutic strategies based on tra-
ditional medicinal plants.

Traditional Chinese medicine is a complementary ther-
apy that plays a crucial role in healthcare of Asian population
and is gradually recognized in western countries due to the
feasible therapeutic efficacy and minimal side effects [7, 8].
In traditional Chinese medicine theory, gastritis is divided
into dampness obstructing the spleen-stomach, spleen—
stomach Qi deficiency, spleen-stomach deficiency cold,
liver-Qi stagnation, and stagnant heat in the liver-stomach
based on the accumulation pattern of damp heat in spleen
and stomach [9]. Weibing Formula 1 is composed of twelve
Chinese medicines, including Herba Taraxaci (Chinese
name: Pugongying), Plantaginis Herba (Chinese name: Che-
giancao), Bletilla striata (Chinese name: baiji), Crataegus
pinnatifida Bunge (Chinese name: Shanzha), Areca Catechu
L (Chinese name: Dafupi), Aucklandiae Radix (Chinese
name: Muxiang), Paeoniae Radix Alba (Chinese name:
Baishao), Aurantii Fructus (Chinese name: Zhike), Atracty-
lodes Macrocephala Koidz (Chinese name: Baishu), Arecae
Semen (Chinese name: Binlang), Coptidis Rhizoma (Chinese

name: Huanglian), and Licorice (Chinese name: Gancao). In
China, Weibing Formula 1 is often used to treat gastritis and
has achieved good therapeutic effects. However, the pharma-
cological mechanism of Weibing Formula 1 in the treatment
of gastritis remains understood.

Network pharmacology is a novel approach to discover
and develop traditional medicinal drug. Until now, this way
has been successfully used to clarify the multitarget effects
of traditional Chinese medicine in various diseases [10-13].
Network pharmacology has effectively bridged the gap
between Chinese medicine and western medicine and greatly
promoted the research on the synergistic mechanism of tra-
ditional Chinese medicine and western medicine [14]. There-
fore, the goal of this study was to illustrate the intrinsic
mechanisms of Weibing Formula 1 in the treatment of gastri-
tis through network pharmacology analysis. We first
screened one database for bioactive components of Weibing
Formula 1 and targets prediction, followed by searching of
known Weibing Formula 1-related targets, construction of
drug-active ingredients-genes—disease, and PPI network;
the function enrichment analysis of the overlap targets
between Weibing Formula 1 and gastritis, in turn. In addi-
tion, we used the GEO data to verify differentially expressed
genes in the overlap targets between Weibing Formula 1
and gastritis and obtained several key pathways through gene
set enrichment analysis. Furthermore, the GSE5081 dataset
was used to further validate the 15 common genes between
the differentially expressed genes and 60 candidate targets.
Finally, we carried out the real-time quantitative PCR analy-
sis to verify several overlap targets between Weibing Formula
1 and gastritis. The flowchart of the experimental procedures
in this study is illustrated in Figure 1.



BioMed Research International 3
TaBLE 1: The top 10 active compounds in Weibing Formula 1.
Molecule ID  Molecule name OB DL  Molecular structure Herb Number of
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. Plantaginis Herba/Crataegus pinnatifida

MOL000098 Quercetin 46.43 0.28 Bunge/Coptidis Rhizoma/Licorice 152
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MOL000358 Beta-sitosterol 3691 0.75 Paeoniae Radix Alba/Aurantii Fructus 37
MOL004328 Naringenin 59.29 0.21 Aurantii Fructus/Licorice 37
MOL000354 Isorhamnetin 49.6 031 Crataegus pinnatifida Bunge/Licorice 36
MOL005828 Nobiletin 61.67 0.52 Aurantii Fructus 35
/() [¢]
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MOL002565 Medicarpin 4922 034 °© O 5 Q ) Licorice 34
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Radix/Herba Taraxaci
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FIGURE 2: Venn diagram of overlapping gene symbols between the gastritis and Weibing Formula 1. (a) Venn diagram of known gastritis-
related targets. (b) Venn diagram of shared targets between potential targets of Weibing Formula 1 and known gastritis-related targets.

2. Materials and Methods

2.1. Identification the Bioactive Ingredients of Weibing
Formula 1. Weibing Formula 1 is prepared by combining
twelve herbs, such as Plantaginis Herba, Bletilla striata, Cratae-
gus pinnatifida Bunge, Areca Catechu L, Aucklandiae Radix,
Paeoniae Radix Alba, Aurantii Fructus, Atractylodes Macroce-
phala Koidz, Arecae Semen, Coptidis Rhizoma, Licorice, and
Herba Taraxaci. The bioactive compounds of twelve herbs
were collected from the traditional Chinese medicine system
pharmacology database (TCMSP, https://tcmspw.com/tcmsp
.php) [15].. As a pharmacological database, TCMSP contains
a large number of Chinese herbal medicines, active ingredi-
ents, and their targets, including pharmacokinetic parameters
of some active compounds, such as oral bioavailability (OB),
drug-likeness (DL), permeability of Caco-2, and blood brain
barrier. OB and DL are important indicators to assess absorp-
tion, distribution, metabolism, and excretion characteristics of
drugs and are also key factors to screen active components of
drugs. To better uncover the active compounds of Weibing
Formula 1 more comprehensively, the compounds in Weibing
Formula 1 with OB>30% [16] and DL>0.18 [17] were
selected as candidate ingredients for following analyses in
the current study.

2.2. Target Search. The active ingredients of traditional Chi-
nese medicine play a role in related biological functions
through regulating targets. The protein targets of the active
ingredients of 12 herbs of Weibing Formula 1 were obtained
by the TCMSP database based on ligand prediction method.
We then deleted redundant information and reserved only
those targets that could interact directly with each of these
ingredients in Weibing Formula 1. In addition, the protein
names of the Weibing Formula 1 bioactive ingredients were
restricted to gene using the UniProt (https://www.uniprot
.org/) database [18], and species was inverted to“Homo sapi-
ens” so that name standardization and deduplication could
be achieved based on the UniProt number [19]. The com-
pound targets having no satisfaction with the selection were
deleted. We combined the data to obtain the gene symbol
and finally acquired the possible target of each herb in Weib-
ing Formula 1.

2.3. Identification of Gastritis-Related Targets. The gastritis-
related targets were collected from DisGeNET (https://www
.disgenet.org/home/), MalaCards (http://www.malacards
.org/), and CTD (http://ctdbase.org/). DisGeNET is a well-
established resource to address the genetic basis of human
diseases [20]. MalaCards is a human disease database that
combines 68 databases and contains information about
20,000 diseases [21]. In order to acquire the gastritis-related
targets, we searched in the DisGeNET and MalaCards data-
bases with the keyword “gastritis” to search the targets
related to gastritis. The Comparative Toxicogenomics Data-
base (CTD) is a powerful and open database that provides
manual management information on chemical-gene/protein
interactions, chemical-disease, and gene-disease relation-
ships [22]. The platform of CTD was retrieved using the key-
word “gastritis,” and the gastritis-related targets were
identified based on a score>40 and reference count > 15.
We removed the overlapping targets in the three databases
DisGeNET, MalaCards, and CTD and finally obtained the
targets related to gastritis.

2.4. Construction of Drug-Active Ingredients-Genes-Disease
Network. First, we used Venn diagrams to analyze the inter-
section of drug targets and disease-related genes. Then, we
constructed a network of complex information based on
interactions between the drug (Weibing Formula 1), active
ingredients, gene, and disease (gastritis). Ultimately, the
Cytoscape v3.7.1 (http://www.cytoscape.org/) was used to
visualize the drug-active ingredients-genes—disease network.

2.5. Protein-Protein Interaction (PPI) Network Construction.
Based the above analyses, the on the overlap targets of Weib-
ing Formula 1 and gastritis were used to build the PPI net-
work. The STRING database (https://STRING-db.org/) is a
database for searching known protein interactions and pre-
dicting protein interactions, including direct interactions
and indirect interactions. Then, the overlap targets were
imported into the STRING database to acquire PPI with
the species limited to “Homo sapiens.” Ultimately, the PPI
network of these targets was visualized using the Cytoscape
V3.7.1. The hub nodes were identified in each network by
calculating the size of the degree.


https://tcmspw.com/tcmsp.php
https://tcmspw.com/tcmsp.php
https://www.uniprot.org/
https://www.uniprot.org/
https://www.disgenet.org/home/
https://www.disgenet.org/home/
http://www.malacards.org/
http://www.malacards.org/
http://ctdbase.org/
http://www.cytoscape.org/
https://STRING-db.org/

BioMed Research International

/
}///, ‘s /,///,, /’/u'
,1/ / / // IIl
MgLomégg ’ M()mloe(v/ Mpwuhp
//

IL6 1 A
?\)‘

_\ -
-7\ - 1
it _M_gl.oomf%_ Moumlsu
< I‘ X

\

Wyt
'4”\ o

\w)i.ouéeo‘s N N Momozs}(
IR

~ TMAPK3

N
\/\

\(\

\(\

\ / ~
B /1\ [N Wt o 73 ’/r \|$\\ \/ ST A U o >\ = . “caspo
N T\ ,uml.ooowz\,\ z mbmukﬁv \l/ *Mb.mng@ s 7v oo&a’ /_’,',i‘\’mbw az(er ‘i,?@mos;‘% AN quoaxz \y\y wm.uuwrf\ 7 Kotz :..{10L0049c4 =
N \ﬂ':r T -r J/ V) r S < N

N
( TSRy X \<'\ ’/ A\>\

\\¥

’7«r 5

L ‘ﬁ{” % 2 i

-
MMP2

licorice,

TN
¢ > mrad@da macro

w'tagmls Hetha -V/'\k\ﬁ‘ ~

It
\

I k/
\ N | /\ (Y
NN }V\ Nl :,‘T\\
AW N \ | | ,\
Wy 1 Xurantufm«.’lu: W
A} \ \ \
wAN
uo /A \ \\I\\ 4\\
W I\\ A \Blml]asmam N
RELA \‘\ f \ ‘I \ \ Arecae semyn

N

S

N/ A
NS L4

Nucklandiae radix, /"y l'

* (RN NOS2
< SN \ )
\ N~ o VR
N NN VL) VEGEA
SRS i Q
N

FIGURE 3: Drug-active ingredients-genes—disease network construction of Weibing Formula 1 in the treatment of gastritis. The saffron yellow
node represents 12 traditional Chinese medicine ingredient of Weibing Formula 1, and the red node represents gastritis. The blue nodes
represent the active ingredients in Weibing Formula 1. The green nodes represent the overlapping gene between the gastritis and Weibing

Formula 1.

2.6. Function Enrichment Analysis. Gene Ontology (GO)
analysis and KEGG pathway enrichment analysis were car-
ried out using the David 6.8 (https://david.ncifcrf.gov/).
Functional categories with p value <0.05 were considered
significant.

2.7. Real-Time Quantitative Polymerase Chain Reaction
(PCR) Analysis. Twenty-three blood samples of 8 normal
control, 7 gastritis patients, and 8 gastritis patients treated
with Weibing Formula 1 were obtained. This study was
approved by the Institutional Ethics Committees of our hos-
pital. All the participants had signed a written informed.
Total RNA was extracted from samples using a RNA simple

total RNA kit (Thermo Scientific, Waltham, MA, USA). RNA
was reverse-transcribed with HiScript™ Reverse Transcrip-
tase (Vazyme, Beijing, China) following the manufacturer’s
instructions. Quantitative real-time PCR was conducted
using the SYBR™ Green Master Mix (Vazyme) on QuantStu-
dio 6 Flex system. The 2-AACt method was the basis for ana-
lyze the relative quantification of genes. The human ACTB
was used as endogenous controls for gene expression in
analysis.

2.8. GEO Data Preprocessing and Identification of
Differentially Expressed Genes. We searched datasets from
the Gene Expression Omnibus (GEO) database (http://www


https://david.ncifcrf.gov/
http://www.ncbi.nlm.nih.gov/geo/

.ncbinlm.nih.gov/geo/) with the keywords “gastritis” [MeSH
Terms] OR “gastritis” [All Fields]) AND “Homo sapien-
s”[porgn] AND “gse”[Filter]. The inclusion criteria for the
present study were as follows: (1) the type of dataset was
described as expression profiling by array. (2) Dataset should
be whole-genome mRNA expression profile by array. (3)
Datasets were obtained by tissue samples of gastritis and nor-
mal control group. (4) The datasets should be normalized or
original, and xx sets of mRNA data were selected. The exclu-
sion criteria for this study were as follows: (1) cell line and
animal level studies and (2) sample size less than 30. Eventu-
ally, two datasets (GSE60427 and) were included in this
study. The GSE60427 was downloaded from the GEO data-
base (https://www.ncbi.nlm.nih.gov/geo/, Platform:
GPL17077, 8 normal and 24 gastritis samples). First, the R
software (v.3.6.3) was used for the identification of differen-
tially expressed genes between the gastritis and normal sam-
ples. Then, the Benjamini-Hochberg method was used to
improve the false discovery rate (FDR) in multiple compari-
sons. Furthermore, FDR value < 0.01 and |log fold change |
>1 as the cut-off values were deemed statistically significant.
The volcano map, Venn diagram, and heat map of the differ-
entially expressed genes were produced using R package,
Venny 2.1.0 and R package, respectively. GSE5081, previ-
ously researched using GPL570 platform of Affymetrix
Human Genome U133 Plus 2.0 Array, included 16 control
and 16 gastritis samples and was used to further validate
the GSE60427 results.

2.9. Gene Set Enrichment Analysis. The samples in the
GSE60427 dataset were divided into two groups including
24 gastritis patients and 8 normal controls. Gene set enrich-
ment analysis  (http://www.broadinstitute.org/gsea/index
jsp) was performed to understand the meaningful KEGG
pathway in the two groups. The annotated gene sets of ver-
sion 6.0 were downloaded from the Molecular Signatures
Database (MSigDB; http://software.broadinstitute.org/gsea/
msigdb/index.jsp). The inclusion criteria were normalized p
<0.05 and FDR < 25%.

3. Results

3.1. Bioactive Components in Weibing Formula 1. Although
there are thousands of ingredients in traditional Chinese
medicine prescriptions, only a few them meet the satisfactory
pharmacokinetic and pharmacodynamic characteristics that
finally determine the efficacy [19, 23]. Based on the criteria
of OB >30% and DL > 0.18, a total of 135 bioactive ingredi-
ents of Weibing Formula 1 were obtained in the TCMSP
database. The top 10 active compounds in target number
were presented in Table 1. After excluding duplicates, 251
corresponding potential targets of these 135 bioactive com-
ponents were chosen for further analysis.

3.2. Known Gastritis-Related Targets. Gastritis-related gene
and protein targets were obtained from 3 databases, includ-
ing 280 targets from DisGeNET, 45 targets from the Mala-
Cards, and 60 targets from the CTD. After removing
duplicates, 327 gastritis-related targets were retrieved
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FIGURE 4: PPI network construction of 60 candidate targets. The
nodes and edges represent interacting proteins and interactions,

respectively.

(Figure 2(a)). Of which, 60 common targets were shared
between potential targets of Weibing Formula 1 and known
gastritis-related targets (Figure 2(b)). These 60 common can-
didate targets may be the key for gastritis treatment by Weib-
ing Formula 1.

3.3.  Drug-Active  Ingredients-Genes-Disease ~ Network
Construction of Weibing Formula 1 in the Treatment of
Gastritis. To understand how Weibing Formula 1 may act
against gastritis, we utilized Cytoscape to structure a drug-
active ingredients-genes-disease network (Figure 3). The saf-
fron yellow node represented 12 traditional Chinese medi-
cine ingredient of Weibing Formula 1, and the red node
represents gastritis. Also, the 117 blue nodes represented
the active ingredients in Weibing Formula 1. The 60 green
nodes represented the overlapping gene between the gastritis
and Weibing Formula 1. The edges indicated that nodes
interacted with each other.

3.4. PPI Network Construction of 60 Candidate Targets. PPI
network is a relationship network between biomolecule and
plays an important role in biological process [24]. Therefore,
we constructed the PPI network to understand the therapeu-
tic mechanism of Weibing Formula 1 in gastritis. In the
STRING database, the PPI network of the 60 candidate tar-
gets was established. As shown in Figure 4, the PPI network
consisted of 60 nodes and 951 edges. In the PPI network,
nodes and edges represent interacting proteins and interac-
tions, respectively.

3.5. Function Enrichment of 60 Candidate Targets. To further
assess the 60 candidate targets, function enrichment analysis
was carried out using the David 6.8. For GO enrichment
analysis, these targets mainly enriched in the nuclear lumen,
intracellular organelle lumen, nucleoplasm, and other
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FiGure 5: Functional enrichment analysis of 60 candidate targets. (a) Biological process. (b) Cellular component. (c) Molecular function. (d)

KEGG pathways.

regions of cell and were involved in regulation of transcrip-
tion, DNA-dependment, regulation of RNA metabolic pro-
cess, and other biological processes. They displayed
multiple molecular functions, such as transcription regulator
activity, transcription factor activity, and sequence-specific
DNA binding. The top 15 of biological process, cellular com-
ponent, and molecular function were demonstrated in
Figures 5(a)-5(c), respectively. KEGG pathway enrichment
analysis displayed that these candidate targets were markedly
enriched in Toll-like receptor signaling pathway, NOD-like
receptor signaling pathway, apoptosis, T cell receptor signal-
ing pathway, MAPK signaling pathway, cytokine-cytokine
receptor interaction pathway, and chemokine signaling path-
way (Figure 5(d)).

3.6. GEO Data Verified Differentially Expressed Genes.
GSE60427 was used to identify differentially expressed genes
according to the criteria of FDR < 0.01 and |logfold change
|>1. A total of 895 differentially expressed genes were
obtained between gastritis and normal control, of which
783 genes were upregulated and 112 genes were downregu-
lated. The top 20 differentially expressed genes were listed
in Table 2. Among which, 15 common genes were shared
between differentially expressed genes and 60 candidate tar-
gets (Figure 6(a)). The volcano map and heat map of 15 com-
mon genes were listed in Figures 6(b) and 6(c), respectively.
In order to further verify the 15 common genes between
the differentially expressed genes and 60 candidate targets,
we verified them in the GSE5081 dataset. The results showed
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TasLE 2: The top 20 differentially expressed genes between gastritis and normal control.

Symbol logFC AveExpr p value FDR value Up/down
FCRL2 3.676252 6.396535 1.29E-14 2.81E-10 Up
CD180 3.681265 4.779778 5.03E-14 3.87E-10 Up
CCL20 4.643928 9.7374 5.34E-14 3.87E-10 Up
ADAMDECI1 3.547777 6.194662 6.49E-13 2.82E-09 Up
CD19 5.24656 8.950685 6.50E-13 2.82E-09 Up
CXCL1 3.459952 9.175125 1.03E-12 3.74E-09 Up
PLA2G7 3.659776 7.439826 1.95E-12 6.04E-09 Up
CXCL2 3.227429 9.547699 2.35E-12 6.37E-09 Up
LCN2 3.91543 13.39285 3.50E-12 8.45E-09 Up
FCRL5 2.80746 6.40599 5.25E-12 1.07E-08 Up
NMU -1.54903 11.76094 2.10E-08 2.28E-06 Down
PRB2 -1.69213 2.736936 1.03E-07 7.44E-06 Down
FABP5 -1.03799 12.32549 1.82E-07 1.15E-05 Down
C6 -3.59553 7.529899 2.51E-07 1.49E-05 Down
EDA -1.10261 6.242344 3.97E-07 2.20E-05 Down
FAM174B -1.0484 11.10483 5.76E-07 2.90E-05 Down
DBP -1.65056 8.455515 9.36E-07 4.38E-05 Down
MPV17L -1.17795 6.826452 1.06E-06 4.81E-05 Down
IGFBP4 -1.07855 8.68517 1.27E-06 5.67E-05 Down
RASL11B -1.34426 7.673157 2.53E-06 9.82E-05 Down

that except for DUOX2 and VCAMLI, the other 13 genes were
significantly upregulated in gastritis compared to normal
(Figure 7), which was consistent with the results in the
GSE60427 dataset.

Gene set enrichment analysis was performed to under-
stand the meaningful pathway between gastritis and normal
control. The top 20 significantly enriched pathways were dis-
played in Table 3. Of which, MAPK signaling pathway,
cytokine-cytokine receptor interaction, chemokine signaling
pathway, T cell receptor signaling pathway, and Toll-like
receptor signaling pathway were displayed in Figure 8.

3.7. Real-Time Quantitative PCR Analysis. To determine the
role of the candidate targets in the treatment of gastritis with
Weibing Formula 1, the expressions of 7 genes (PTGS2,
NOS2, EGFR, MMP9, CXCL2, CXCLS8, and IL-10) were
measured by quantitative real-time PCR in blood samples
of normal control, gastritis patients, and gastritis patients
treated with Weibing Formula 1. Among which, MMP9,
CXCL2, CXCLS, and IL-10 were members of 15 common
genes, and PTGS2, NOS2, and EGFR were members of 60
candidate targets, but do not belong to 15 common genes.
Compared with the control group, the expressions of PTGS2,
MMP9, CXCL2, and CXCL8 were significantly upregulated
and NOS2, EGFR, and IL-10 were downregulated in gastritis
patients, while the expressions of PTGS2, MMP9, CXCL2,
and CXCL8 were significantly downregulated and NOS2,
EGFR, and IL-10 were upregulated after the treatment of
Weibing Formula 1 (Figure 9). Of which, MMP9, CXCL2,
CXCLS, and IL-10 were part of the 15 common genes, and
these four genes are significantly upregulated between gastri-
tis patients and normal control. As shown in Figure 8, in

addition to IL-10, MMP9, CXCL2, and CXCL8 expression
levels were significantly increased in gastritis patients com-
pared with the control group, which was consistent with
the GSE60427 and GSE5081 results. These results suggest
that Weibing Formula 1 may be involved in the treatment
of gastritis by regulating these targets.

4. Discussion

Western drug is usually used for antibacterial therapy of gas-
tritis and gastric-mucosa protection. However, western drug
may cause bacterial resistance, with an increasing number of
drugs failing to effectively control gastritis. Studies have
shown that traditional Chinese medicine can achieve similar
efficacy than western drug [25]. In China, traditional Chinese
medicine, which includes Weibing Formula 1, has good ther-
apeutic effects in gastritis patients of spleen-deficiency and
Qi-stagnation syndrome. However, the pharmacological
mechanism of Weibing Formula 1 in the treatment of gastri-
tis is still incompletely understood. In the current study, we
tried to combine network pharmacology and bioinformatics
to discover the potential mechanism of Weibing Formula 1
in treating gastritis.

Network pharmacology is a powerful way for defining a
variety of components and studying the mechanisms of Chi-
nese herbal medicine [26]. In this study, we found that there
were 135 active ingredients in Weibing Formula 1 according
to the criteria of OB > 30% and DL > 0.18. After eliminating
duplications, 251 potential targets corresponding to 135 bio-
active components were obtained. Then, the DisGeNET,
MalaCards, and CTD were used to uncover known
gastritis-related targets, and 327 gastritis-related targets were
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TasLE 3: The top 20 significantly enriched pathway between gastritis and normal control.

Name Size ES NES NOM p val FDR g val FWER p val
Pathways in cancer 322 -0.444 -1.662 p<0.001 0.051 0.402
MAPK signaling pathway 264 -0.403 -1.47 0.004 0.104 0.841
Cytokine-cytokine receptor interaction 252 -0.706 -1.703 p<0.001 0.043 0.313
Regulation of actin cytoskeleton 211 -0.362 -1.396 0.03 0.142 0913
Focal adhesion 197 -0.463 -1.491 0.045 0.09 0.804
Chemokine signaling pathway 183 -0.747 -1.793 p<0.001 0.039 0.146
Endocytosis 176 -0.407 -1.86 0.004 0.028 0.079
Jak Stat signaling pathway 147 -0.572 -1.731 p<0.001 0.044 0.247
Alzheimer’s disease 143 -0.384 -1.463 0.032 0.107 0.848
Insulin signaling pathway 137 -0.356 -1.45 0.046 0.115 0.864
Cell adhesion molecules (CAMs) 130 -0.701 -1.652 p<0.001 0.053 0.425
Natural killer cell-mediated cytotoxicity 124 -0.634 -1.707 p<0.001 0.044 0.304
Neurotrophin signaling pathway 124 -0.407 -1.624 0.011 0.052 0.502
Leukocyte transendothelial migration 115 -0.645 -1.686 p<0.001 0.044 0.348
Vascular smooth muscle contraction 112 -0.468 -1.431 0.016 0.127 0.884
T cell receptor signaling pathway 106 -0.641 -1.758 p<0.001 0.043 0.2
Melanogenesis 101 -0.414 -1.409 0.032 0.135 0.899
GnRH signaling pathway 100 -0.439 -1.528 0.01 0.071 0.734
Parkinson’s disease 98 -0.41 -1.584 0.025 0.065 0.615
Toll-like receptor signaling pathway 96 -0.681 -1.77 p<0.001 0.042 0.175

retrieved. Among which, 60 common targets were shared
between potential targets of Weibing Formula 1 and known
gastritis-related targets. In addition, we structured the drug-
active ingredients-genes—disease network and PPI network
of 60 candidate targets. Furthermore, function enrichment
analysis of 60 candidate targets was carried out using the
David 6.8. Ultimately, the GEO database and real-time quan-
titative PCR were used to verify the related genes.

KEGG pathway enrichment analysis displayed that 60
common targets were markedly enriched in Toll-like recep-
tor signaling pathway, NOD-like receptor signaling pathway,
apoptosis, T cell receptor signaling pathway, MAPK signal-
ing pathway, cytokine-cytokine receptor interaction path-
way, and chemokine signaling pathway. Toll-like receptor
signaling pathway, MAPK signaling pathway, and chemo-
kine signaling pathway are the main pathways associated
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with Agastache rugosa treatment of gastritis [27]. The ethyl
acetate extract of Alpinia officinarum Hance inhibits the
development of Helicobacter pylori-associated gastritis by
regulating MAPK signaling pathway [28]. Dang et al. have
found that p53 upregulated modulator of apoptosis-
mediated epithelial cell apoptosis promotes Helicobacter
pylori infection-mediated gastritis [29]. Momordica charan-
tia polysaccharides improve apoptosis in ethanol-induced
gastritis in mucosa by inhibiting NF-«B signaling pathway

[30]. Quercetin protects against gastritis via regulating the
balance of gastric cell proliferation and apoptosis [31]. Dur-
ing the progression of gastric disease, cytokine-cytokine
receptor interaction pathway and chemokine signaling path-
way are activated, triggering a chronic inflammatory
response [2]. The above indicated that Toll-like receptor sig-
naling pathway, MAPK signaling pathway, cytokine-
cytokine receptor interaction pathway, chemokine signaling
pathway, and apoptosis might play important roles in
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gastritis therapy. Furthermore, gene set enrichment analysis
was also performed to understand the meaningful pathway
between gastritis and normal control. Of which, MAPK sig-
naling pathway, cytokine-cytokine receptor interaction, che-
mokine signaling pathway, T cell receptor signaling pathway,
and Toll-like receptor signaling pathway were significantly
enriched pathway. Therefore, we speculated that Weibing
Formula 1 might participate in the treatment of gastritis by
regulating these pathways.

Epidermal growth factor (EGF) is one of the fatal factors
in gastric tissue repair and cell regeneration. It binds to its
receptor epidermal growth factor receptor (EGFR) located
in the basement membrane or bilateral membrane of gastric
epithelium. EGFR is highly expressed in damaged gastric bar-
rier and perfusion epithelial cells, but rarely in normal epi-
thelial cells. Studies have shown that the expression of
EGEFR in the surface mucosa of the stomach is higher than
that in the deep and muscle layers of the stomach, which
indicates its role in promoting the growth and recovery of
damaged gastric epithelial cells [32]. It has also been reported
that high expression of EGFR can induce malignant growth
of gastric epithelial cells and lead to a certain degree of can-
ceration [33]. Chronic atrophic gastritis rats may participate
in gastric mucosal barrier injury, cell proliferation, and apo-
ptosis by regulating the expression of EGFR and Wei-Wei-
Kang-Granule against gastritis by decreasing the express of
EGFR in gastric mucosa [34]. Our real-time quantitative
results showed that the expression of EGFR in gastritis
patients was significantly upregulated, while the expressions
of EGFR were significantly downregulated after the treat-
ment of Weibing Formula 1. In addition, EGFR was signifi-
cantly enriched in MAPK signaling pathway and cytokine-
cytokine receptor interaction pathway. Therefore, we
inferred that Weibing Formula 1 might be involved in the
progression of gastritis by regulating EGFR activation MAPK
signaling pathway and cytokine-cytokine receptor interac-
tion pathway.

BioMed Research International

GSE60427 was used to identify differentially expressed
genes, and we obtained 895 differentially expressed genes
between gastritis and normal control. A total of 15 common
genes were shared between differentially expressed genes and
60 candidate targets. Among which, interleukin- (IL-) 6 (IL-
6) and CC-chemokine ligand 2 (CCL2), as members of 15
common genes, have been reported to be associated with
the progression of gastritis. IL-6 is a multipotent four-helix
cytokine that performs a variety of functions in the body
[35]. IL-6 can be secreted by T cells and macrophages, caus-
ing an immune response during infection or after injury and
ultimately leading to inflammation of the gastric mucosa or
other tissues [36]. Recently, IL-6 is reported to play an
important role in the treatment of chronic gastritis in Zuojin-
wan [2]. Moreover, IL-6 has been reported to be involved in
the treatment of gastritis by Atractylodes Macrocephala
Koidz [1]. CCL2, also named as MCP-1, is a micromolecular
effective chemoattractant for leukocytes. A study has
shown that overexpression of CCL2 may be closely related
to gastric diseases, which is considered to be predictive
molecules of gastric cancer [37]. The verification results
of the GSE5081 dataset displayed that IL-6 and CCL2 were
significantly upregulated in gastritis compared to normal,
which was consistent with the results in the GSE60427
dataset. Thence, we postulated that IL-6 and CCL2 might
serve as the key points for the treatment of gastritis in
the Weibing Formula 1.

In conclusion, the potential mechanism of Weibing For-
mula 1 in treating gastritis has the multicomponent, multi-
target, and multiway characteristics, and PTGS2, NOS2,
EGFR, MMP9, CXCL2, CXCL8, and IL-10 may be the
important direct targets of Weibing Formula 1 in gastritis
treatment. Such data provide the basis for multi-ingredient
synergies in future research. Our study revealed the mecha-
nism of Weibing Formula 1 in gastritis from an overall and
systematic perspective, providing a theoretical basis for fur-
ther knowing and application of this formula in the future.
However, whether Weibing Formula 1 is suitable for long-
term maintenance treatment of gastritis still needs to be con-
firmed in future clinical trials. Thence, it is necessary to con-
duct further basic experimental verification of the potential
active ingredients in order to clarify the theoretical
prediction.
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