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Abstract

Background: The effective components contained in compound Kushen injection (CKI) and the genes and signal-
ling pathways related to gastric cancer (GC) were analyzed through the network pharmacology method of traditional
Chinese medicine, and various possible mechanisms by which CKI affects the proliferation, differentiation, survival,
and metastasis of GC cells were discussed. The PI3K/AKT signalling pathway is considered to be one of the most
important pathways targeted by CKl in the regulation of GC cells. The implementation of related cell experiments also
confirmed the information we revealed.

Methods: Effective drug components of Kushen and Baituling in CKI were identified from the Traditional Chinese
Medicine Systems Pharmacology Database (TCMSP). Genes related to GC were identified using the GENECARD and
OMIM databases. The common target genes related to the effective components of the drug and GC were identified
using the intersection method and visualized using software. A protein—protein interaction network (PPI) was estab-
lished using STRING online software to confirm the key genes. Gene Ontology (GO) enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were performed to predict the key pathways of CKI
in GC treatment. BGC-803 and MKN-28 GC cells were used to verify the signalling pathway. Cell proliferation, apop-
tosis, migration ability, and invasion ability were assessed using CCK8, flow cytometry, scratch, and transwell assays.
Immunofluorescence assays and western blotting were used to detect the expression of related proteins.

Results: CKl regulated GC cells through 35 effective drug components of GC-related target genes. In total, 194
genes were common targets of CKI and GC. The most significant function of the enriched genes was DNA-binding
transcription activator activity as demonstrated by GO enrichment analysis. The metabolic pathway with the highest
enrichment was the PI3K/AKT signalling pathway as demonstrated by KEGG enrichment analysis. Our cell experimen-
tal evidence also shows that CKl inhibits GC cell growth and migration and induce GC cell apoptosis. In addition, CKI
inhibits the EMT process in GC cells through the PI3K/AKT signalling pathway.

Conclusion: AKT1 is a key gene for CKl treatment of GC. CKl inhibited GC cell growth and migration and induced GC
cell apoptosis. In addition, CKl regulated the EMT process in GC cells through the PI3K/AKT signalling pathway.
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Introduction

Gastric cancer (GC) is one of the most common malig-
nancies worldwide. Statistics from relevant cancer
research institutions show that there are approximately 1
million new cases of GC worldwide. GC has the second
® Department of Oncology, Maternal and Child Health Care Hospital of Zibo, highest incidence and mortal.lty Fate amongall cancers [1’
Zibo 255029, Shandong, China 2]. The World Health Organization declared GC a public
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metastasis, mortality, low early diagnosis rate, radical
resection rate, and 5-year survival rate [3]. East Asian
countries have the highest incidence of GC. The annual
incidence rate per 100,000 inhabitants is between 40 and
60 years [4]. The detection rate of early GC is low given
the lack of obvious symptoms and signs. Most patients
(> 70%) develop advanced-stage GC. Some patients are
not eligible for surgical resection. Latent distant metas-
tases may be present in advanced-stage GC; therefore,
the overall prognosis is poor. In recent years, many stud-
ies have been conducted to improve the prognosis of
patients with GC. Therapies, such as neoadjuvant chem-
otherapy, radiotherapy, and molecular targeted therapy,
have become effective methods to improve prognosis [5].

Traditional Chinese medicine (TCM) alleviates uncom-
fortable symptoms, reduces the toxicity and side effects
of chemoradiotherapy, and improves the quality of life,
and a number of studies have also demonstrated that
TCM can improve the long-term efficacy of a variety
of cancers [6—9]. There are many components of TCM,
and different components have different pharmacologi-
cal effects. The mechanism of action is very complex,
and the modulation of various regulatory signal targets
is considered to be the key to the anti-proliferation, anti-
migration, and anti-metastasis effects of TCM [10]. The
method of network pharmacological research is mainly
based on the whole body and molecular level to identify
the active ingredients in TCM to clarify the mechanism
of action of each active ingredient and predict the target
gene and pharmacological action of these components
(11, 12].

Compound Kushen injection (CKI), a compound injec-
tion derived from Kushen and Baituling, has been used in
anticancer therapy for more than 15 years. CKI contains
a variety of pharmacologically active ingredients, such as
matrine and oxymatrine, and has a variety of pharmaco-
logical activities, and CKI has demonstrated significant
effects on cancer and tumors [13, 14]. Studies have con-
firmed the inhibitory effect of CKI on malignant tumor
cells in the colon, brain, breast, and lung [10, 15]. How-
ever, studies on the effects of CKI on GC cells have rarely
been reported. The purpose of this study was to explore
the effects, targets, and pathways of CKI on GC cells
based on network pharmacology and cell experiments.

Materials and methods

Part 1

Data collection from online platforms

The active components of Kushen and Baituling in CKI
and genes related to components were collected from the
Traditional Chinese Medicine Systems Pharmacology
(TCMSP) database. TCMSP (https://tcmspw.com/tcmsp.
php) contains 499 TCMs and the compound components
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of each TCM (greater than 29,000 in total). The TCMSP
database also provides comprehensive evaluation data on
human absorption, distribution, and metabolism prop-
erties for each compound component. The most power-
ful function of the TCMSP database is obtaining ideal
active components and related target genes under vari-
ous screening criteria. Active components of Kushen and
Baituling in CKI and genes related to components were
filtered out from the TCMSP database by searching the
keywords “Kushen” and “Baituling” Oral bioavailabil-
ity (OB) > 30% and drug-likeness (DL) > 0.18 were used
as screening criteria for components. OB represents the
percentage of the oral drug dose that reaches the sys-
temic circulation. A high OB is typically a key indicator
for determining the active components of drugs. DL is
a qualitative concept used in drug design to assess the
“pharmacokinetic” status of prospective compounds,
which helps optimize pharmacokinetics and drug prop-
erties. Genes related to GC were collected from the Gen-
eCard and OMIM databases by searching the keyword
“gastric cancer” GeneCards (https://www.genecards.
org/) is a searchable, integrative database that provides
comprehensive, user-friendly information on all anno-
tated and predicted human genes. OMIM (https://omim.
org/) is a comprehensive, authoritative compendium
of human genes and genetic phenotypes that are freely
available and updated daily.

Statistics and visualization of data

The active components of Kushen and Baituling in CKI
were merged into a file, and duplicates were eliminated.
Genes related to active components were merged into a
file, and duplicates were eliminated. Genes related to GC
collected from GeneCard and OMIM were also merged
into a file, and duplicates were eliminated. The common
target genes related to the active components of CKI and
GC were identified by the intersection method using R
version 3.6.3. The R package “VennDiagram” was used in
this process.

Construction of the drug-disease network and protein-
protein interaction (PPI) network

A merged file of drugs, diseases, active components,
and related genes was created using R version 3.6.3. This
file and the merged file with active components of CKI
and the merged file with common target genes related
to active components of CKI and GC were imported
into Cytoscape 3.6.1 (http://www.cytoscape.org/) soft-
ware to construct a visual drug-disease network. In the
network diagram, the four types of nodes are defined as
drug, disease, active components, and genes. The active
components of CKI and common target genes are con-
nected by lines. The common target genes were imported


https://tcmspw.com/tcmsp.php
https://tcmspw.com/tcmsp.php
https://www.genecards.org/
https://www.genecards.org/
https://omim.org/
https://omim.org/
http://www.cytoscape.org/

Li et al. World Journal of Surgical Oncology ~ (2022) 20:161

into the STRING database version 11.0 (https://string-
db.org/) to obtain a protein—protein interaction (PPI)
network. The organism was selected as “Homo sapiens’,
and the minimum required interaction score was set as
“medium confidence = 0.99” during this process. The
disconnected nodes were hidden in the PPI network. The
STRING database searches for known protein—protein
interactions and predicts protein—protein interactions.
Using this database, the interaction network among pro-
teins can be obtained, which is helpful for identifying the
core regulatory genes. The top 20 proteins with the larg-
est number of connections are presented as a histogram
constructed using R version 3.6.3.

Gene ontology and pathway enrichment

To illustrate the role of the common target genes in gene
function and signalling pathways, Gene Ontology (GO)
enrichment analysis and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis were
performed using R version 3.6.3. Twenty GO categories
with significant enrichment and 20 pathways with the
most significant gene enrichment were plotted in the
form of dot plots. P values < 0.05 and Q values < 0.05
were used as the screening criteria. The R packages “col-
orspace” and “stringi” and Bioconductor packages (http://
www.bioconductor.org/), “DOSE; “clusterProfiler; and
“pathview” were used in the process.

Part 2

Cell culture and grouping

BGC-803/MKN-28 human GC cells (ScienCell Research
Laboratory, San Diego, CA, USA) were purchased from
Shanghai Huiying Biotechnology Co., Ltd. (Shang-
hai, People’s Republic of China). The human GC cell
lines BGC-803/MKN-28 were cultured at 37 °C in tis-
sue culture flasks (Corning Incorporated, Corning, NY,
USA) containing Roswell Park Memorial Institute 1640
medium (Caisson Labs Incorporated; Corning, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco,
Thermo Fisher Scientific) and 1% penicillin—streptomy-
cin (HyClone; GE Healthcare UK Ltd., Little Chalfont,
UK) in a humidified incubator containing 95% air and 5%
CO,. The cell culture medium was replaced every day,
and the specific growth status of the cells was observed
every 6 h. When the cell density reached 80-90%, the
cells were grouped. Each cell line was divided into three
groups and cultured in 6-well or 96-well plates. The
seeding density was 1 x 10° cells/well in 6-well plates
and 4 x 10% cells/well in 96-well plates. Cells were cul-
tured for 24 h before the addition of the drugs. The three
groups included the high-concentration group (H-CKI,
100 pl CKI per ml of cell medium), low concentration
group (L-CKI, 20 ul CKI and 80 pl saline per ml of cell
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medium), and control group (100 pl saline per ml of cell
medium). The treatment time was 48 h for all assays.

Cell proliferation assay

Cell counting kit-8 (CCKS8) assays were used to determine
cell proliferation according to the manufacturer’s instruc-
tions (Beyotime; Institute of Biotechnology, Haimen,
China). BGC-803/MKN-28 human GC cells were seeded
into 96-well plates at a density of 4 x 10° cells/well and
cultured for 24 h before being divided into three groups.
Each cell line was divided into the H-CKI, L-CKI, and
control groups, and each group occupied five wells. The
96-well plate was placed in an incubator containing 95%
air and 5% CO, for 12 h, and the optical density (OD) val-
ues at 450 nm were measured using a microplate spec-
trophotometer (YIENDA, China). The same method was
used to measure the OD values of the three cell suspen-
sion groups after incubation for 12 h, 24 h, 36 h, and 48
h. Cell growth curves were plotted using time as the hori-
zontal axis and absorbance as the vertical axis.

Transwell assay

Invasion assays were performed in 24-well Transwell
inserts (8 um pore size; Chemicon®; Merck Millipore).
According to the instructions, we placed the small cham-
ber into the culture plate, added 300 ul warmed serum-
free medium to the interior of the inserts, and allowed
it to stand at room temperature for 1 h to rehydrate
the Matrigel. We then aspirated the remaining culture
medium. Three groups of BGC-803/MKN-28 human GC
cells were used for the assays. Five hundred microlitres of
media containing 10% FBS complete culture medium as
a chemoattractant was added to the lower chamber, and
200 pl of cell suspension containing 1 x 10° cells in each
group was added to each upper chamber. After incuba-
tion in a humidified incubator containing 95% air and 5%
CO, at 37 °C for 48 h, non-invading cells and Matrigel
were removed. The cells that invaded the lower filters
were fixed in methanol for 30 min and stained with 0.25%
crystal violet (Beyotime; Institute of Biotechnology,
Haimen, China) for 20 min at room temperature. Five
fields were randomly observed under a microscope (mag-
nification, x 400), and the invaded cells were counted.

Western blot

The 6-well plates were kept on ice. The cells were
removed from the medium and washed twice with PBS.
Cell lysates (200 pl of cell lysate containing protease
inhibitors (Solarbio Science & Technology Co., Beijing,
China)) were added to each well. The cells were scraped
with a cell scraper after 5 min, transferred to EP tubes,
and placed on ice. The liquid supernatant was carefully
collected after centrifugation at 12,000 r for 15 min at 4
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°C. An appropriate amount of loading buffer was added
according to the protein concentration as determined
using a bicinchoninic acid assay kit (Solarbio Science
& Technology Co, Beijing, China) and heated in boil-
ing water for 5 min. Each protein sample was separated
by 10% sodium lauryl sulfate polyacrylamide gel elec-
trophoresis (30 pug per well) and then transferred to a
polyvinylidene fluoride membrane (Solarbio Science
& Technology Co, Beijing, China). The membranes
were blocked with 5% non-fat milk for 1 h and primary
antibodies, including E-cadherin (1:900; Abcam, Cam-
bridge, UK), N-cadherin (1:600; Abcam, Cambridge,
UK), vimentin (1:900; Abcam, Cambridge, UK), PI3K
(1:1000; Abcam, Cambridge, UK), p-AKT1 (1:1000;
Abcam, Cambridge, UK), and GAPDH (1:5000; Abcam,
Cambridge, UK). The membranes were then incubated
overnight at 4 °C with slow shaking. Diluted sheep
anti-rat immunoglobulin G conjugated peroxidase was
added and incubated for one hour at room temperature
with slow shaking. Based on the manufacturer’s instruc-
tions, the HRP substrate luminol (Leagene Biotechnol-
ogy, Beijing, China) was added to the membrane, and
a FluorChem E instrument (Jinpeng Analytical Instru-
ments Co., Ltd., Shanghai, China) was used to detect
the immune signal. The greyscale values of bands were
analysed using Image] software (version 1.80; National
Institutes of Health, Bethesda, MD, USA).

Flow cytometry

A total of six groups of cells from the two cell lines
were washed twice with cold PBS and resuspended in
a 1 x 10%/ml cell suspension. Then, 100 pul of the cell
suspension was incubated with 5 ul of FITC-Annexin
V (Shanghai Yaji Biotechnology Co., Ltd., Shanghai,
China) and 5 pl of propidium iodide (Shanghai Yeasen
Biotechnology Co., Ltd., Shanghai, China) at room tem-
perature in the dark for 15 min. SA-FLOUS solution
was added, and the mixture was incubated at 4 °C for
20 min. Flow cytometry was used to detect the apop-
tosis rate. The experiment was repeated thrice, and the
average value was calculated.

Statistical analysis

The data from the experiments were analysed using
GraphPad Prism 7 software (San Diego, CA, USA). Val-
ues are expressed as the mean =+ standard deviation
(SD). Unpaired Student’s ¢ tests were used for compari-
sons between the values of different groups. Statisti-
cally significant results are presented as xP < 0.05. P <
0.05 was considered statistically significant.
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Results

Active components of CKl and target genes

Thirty-five active components of CKI and 211 genes were
screened from the TCMSP database using OB > 30% and
DL > 0.18 as screening criteria. The active components
mainly include kushenin, quercetin, luteolin, stigmas-
terol, and formononetin. A total of 11,862 genes related
to GC were collected from the GeneCard and OMIM
databases. As shown in Fig. 1, 194 genes are common
target genes related to GC and the active components of
CKIL

Drug-disease network and PPl network

To show the connection between CKI and GC, a visual
drug-disease network (Fig. 2) was constructed using
Cytoscape 3.6.1 (http://www.cytoscape.org/) software.
There were 231 nodes with four attributes in the diagram.
These four attributes include disease, drug, active com-
ponents, and target genes. The related nodes are con-
nected by lines. The number of lines for each node often
represents the importance of nodes. The top ten active
components of CKI with the most associated target genes
were kushenin, quercetin, luteolin, stigmasterol, formon-
onetin, diosgenin, 8-isopentenyl-kaempferol, inermine,
matrine, and phaseolin. The STRING database (version
11.0) was used to build a network of target proteins. The
common target genes were imported into the “Protein
name” box, and the organism was selected as “Homo
sapiens”. The minimum required interaction score was

194

11668
GC

CKI

Fig. 1 194 common target genes for GC and active components of
CKI
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Fig. 2 The target network diagram of GC and active ingredients of CKI. The green node represents CKl, the yellow node represents active
ingredients of CKI, the blue node represents the common target gene of GC and active ingredients of CKI, and the red node represents GC. The
AKT1 gene is considered the core regulatory gene and is marked with a red circle

set as “medium confidence = 0.40” during this process.
In the PPI network, each node represents a protein, and
the connection between nodes represents the interaction
between proteins. The PPI network is shown in Fig. 3.
The top 20 genes with the largest number of connec-
tions are presented in the form of a histogram in Fig. 3. A
simplified PPI network is also shown in Fig. 3. When the
minimum required interaction score was set as “medium
confidence = 0.99, the purpose of the simplified PPI
network was to clearly show the key proteins identified.
AKT1 is a key protein in the network. Other key proteins
include IL6, MARKI, JUN, and VEGFA.

Gene ontology and pathway enrichment

A total of 129 GO categories were obtained by GO
enrichment analysis using R version 3.6.3. The top 20
GO categories with significant enrichment are plotted in
the form of dot plots (Fig. 4). In the dot plot, the size of
the dots represents the number of genes under different
GO categories, and the different colors of the dots rep-
resent the change in the adjusted P value. A total of 172
KEGG pathways were identified through KEGG pathway
enrichment analysis using R version 3.6.3. The top 20
KEGG pathways with significant enrichment are plot-
ted in the form of dot plots (Fig. 5). In the dot plot, the
size of the dots represents the number of genes under
different KEGG pathways, and the different colors of

the dots represent the change in the adjusted P value.
KEGG pathway enrichment analysis results reveal that
the PI3K/AKT signalling pathway is the pathway with
the most enriched genes. The relevant genes of the active
ingredients of CKI in the PI3K/AKT signalling pathway
are shown in the form of a pathway diagram (Fig. 6). We
hypothesized that the PI3BK/AKT signalling pathway is
the most important pathway by which CKI acts on GC.
Through this pathway, CKI regulates the EMT phenom-
enon in GC cells.

CKl inhibits GC cell proliferation

CCK-8 analysis was used to evaluate the effect of CKI
on BGC-803 and MKN-28 cell proliferation. Under CKI
stimulation, the OD values at 450 nm of the two types
of GC cells decreased significantly. With an increasing
CKI concentration, the OD values at 450 nm of the two
types of GC cells decreased more significantly, indicating
that CKI affected the proliferation rate of the two types
of GC cells, and this effect increased with increasing CKI
concentration. The CCK8 experimental results of the
six groups of BGC-803 and MKN-28 cells are shown in
Fig. 7.

CKl inhibits gastric cancer cell invasion
Transwell migration analysis was used to evalu-
ate the inhibitory effect of CKI on GC cell invasion.
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Fig. 3 A PPl network diagram obtained when “median confidence = 0.40" B Top 20 genes with the largest number of connections when “median
confidence = 040! C PPI network diagram obtained when “median confidence = 0.99"The AKT1 gene has the largest number of connections and
is marked with a red circle. D Top 20 genes with the largest number of connections when “median confidence = 0.99"

A comparison of the number of invasive cells in each
group of GC cells penetrating the matrix membrane is
shown in Fig. 8. Comparison of the number of invasive
BGC803 and MKN28 cells in the three groups revealed
the following trend: Control>L-CKI>H-CKI. CKI sig-
nificantly inhibited GC cell invasion, and this effect
increased with an increase in CKI concentration.

CKl inhibits EMT in GC cells
Western blot results from a total of six groups of two
GC cell lines showed that the expression of E-cadherin

increased significantly, and the expression of vimen-
tin and N-cadherin decreased significantly under the
action of CKI. E-cadherin, N-cadherin, and vimentin are
typical hallmarks of epithelial and mesenchymal pheno-
types. Therefore, significant inhibition of EMT in GC
cells occurred under the action of CKI, and this effect
increased with increasing CKI concentration. Western
blot results also showed that p-AKT1 and PI3K expres-
sion decreased significantly under the action of CKI,
and this effect also increased as the CKI concentration
increased. This finding demonstrates that CKI is likely to
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inhibit the EMT of gastric cancer cells through the PI3K/
AKT pathway. Western blot results are shown in Fig. 9.

CKl increases the GC cell apoptosis rate

The results of flow cytometry showed that the apop-
tosis rates of the BGCB803/Control, BGC803/L-CKI,
and BGC803/H-CKI groups were 540 + 0.63%, 10.99
+ 1.65%, and 15.70 + 0.22%, respectively. The apopto-
sis rates of the MKN28/control, MKN28/L-CKI, and
MKN28/H-CKI groups were 4.88 + 0.46%, 11.98 £
0.79%, and 21.42 + 1.61%, respectively. Comparison of
apoptosis rates of BGC803 and MKN?28 cells in the three
groups revealed the following trend: Control<L-CKI<H-
CKI. Statistical analysis is shown in Fig. 10.

Discussion

GC is a disease caused by many factors, such as the
environment, genes, and infection. Given that early GC
is difficult to detect, its prognosis is usually poor, and
the 5-year survival rate is less than 20% [16]. A variety
of treatment methods have been applied to different
stages of gastric cancer, such as endoscopic submucosal
dissection, surgery, chemotherapy, and radiotherapy
[17-20]. However, treatment measures, such as surgery,
radiotherapy, and chemotherapy, often have adverse
effects on the human body and even endanger the lives
of patients [21, 22]. Therefore, it is necessary to identify

treatment measures with fewer adverse effects based on
traditional treatments.

Traditional Chinese medicine offers great advantages
in treating cancer and improving the quality of life of
patients [23]. As an important treatment method in tra-
ditional Chinese medicine, Chinese medicine injection
has been widely used in cancer treatment, and its effi-
cacy has been demonstrated. CKI is a Chinese medicine
injection extract from Kushen and Baituling. The main
components of Kushen and Baituling have a variety of
pharmacological effects, such as anti-inflammatory,
antiviral, immunomodulatory, and anticancer effects
[24—-28]. In terms of anticancer effects, CKI inhibits
the invasion and metastasis of various cells, including
colon, brain, and breast cancer cell lines, in vitro [10].
In vivo analyses showed that CKI inhibits the growth of
MCE-7 stem-like SP cells and rat gastric carcinogenesis
[29, 30]. CKI has also been widely used in clinical prac-
tice for many years, and its efficiency has been demon-
strated [31-33].

In this study, we constructed a drug-active compo-
nent-target gene-GC network and a PPI network of GC
to systematically analyse the mechanism of CKI in the
treatment of GC. Thirty-five active components of CKI,
including quercetin, matrine, naringenin, and luteolin,
are regarded as the main components in the treatment of
GC. Quercetin has a variety of biological effects, includ-
ing inhibition of the proliferation of various cancer cells
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and participation in anticancer signal transduction path-
ways [34]. Matrine has been shown to exhibit antitu-
mor effects in different cancer cells in vitro [35]. A study
showed that the expression of inhibitor of kB kinase f
(IKKB) was downregulated by matrine via the NF-xB

signalling pathway in breast cancer cells [36]. Another
study indicated that matrine may induce breast cancer
cell (MCE-7) apoptosis and cause cell cycle arrest in the
G1/S phase through the miR-21/PTEN/AKT pathway
[37]. Naringenin promotes apoptosis signal-regulation
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is an isoform of AKT [40], and amplification of Aktl
occurs at a higher rate in various cancers, such as gastric,
breast, colon, esophageal, ovarian, pancreatic, and thy-
roid cancers and glioblastoma [41-44]. AKT is a serine/
threonine kinase that plays a key role in many signalling
pathways, including the PI3K/AKT signalling pathway.

kinase 1 (ASK1)-induced apoptosis via reactive oxy-
gen species (ROS) in human pancreatic cancer cells
[38]. Luteolin inhibits colorectal cancer cell metasta-
sis by regulating the miR384/pleiotrophin axis [39]. We
believe that multiple active components can regulate the

proliferation, differentiation, and metastasis of GC cells
through multiple pathways. PPI network analysis showed  AKT is activated by a wide range of growth signals and

that the main proteins through which CKI acts on gastric =~ modulates the functions of many downstream proteins
cancer cells include AKT1, IL6, MAPK1, and JUN. AKT1 involved in cellular survival, proliferation, migration,
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metabolism, and angiogenesis. AKT is frequently deregu-
lated in many types of human cancers [45]. AKT is often
overexpressed in human cancers. Studies have confirmed
that aberrations of AKT trigger the occurrence and
development of tumours and cause many types of can-
cer to develop resistance to conventional chemotherapy
[46]. IL6 is a pleiotropic cytokine that can induce the

epithelial-mesenchymal transition (EMT) of cancer cells,
thereby enhancing the invasiveness and distant metas-
tasis ability of cancer cells. The expression of IL6 in the
blood and tissues of patients with cancer is significantly
increased [47]. MAPK1 and JUN are important nodes
in the MAPKI1 pathway. By upregulating the activity of
TP53 and TNFSF10 and downregulating the JUN gene,
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MAPK1 can be inhibited and induce apoptosis in leukae-
mia cells [48]. The central role of AKT in a wide range of
tumours makes it an excellent therapeutic target for the
treatment of different tumours [40]. We believe that AKT
is the most important target of CKI for the treatment of
GC.

We performed GO analysis to clarify the biological and
molecular functions of these genes involved in CKI act-
ing on GC and found that these genes are highly related to
DNA-binding transcriptional activator activity, RNA poly-
merase II specific, receptor ligand activity, cytokine recep-
tor binding, and cytokine activity. Through KEGG analysis,
we believe that these genes mainly affect GC cells through
multiple signalling pathways, and the PI3K/AKT signal-
ling pathway may be one of the most important pathways.
On the one hand, KEGG analysis showed that these genes
involved in CKI acting on GC have the highest degree of
enrichment in the PI3K/AKT signalling pathway. On the
other hand, AKT1 is the dominant gene in the PPI network,
and the conventional pathway in which AKT plays a major
oncogenic role is the PI3K/AKT signalling pathway. The
PI3K/AKT signalling pathway plays an important role in
cancer proliferation, invasion, and metastasis and is one of
the most important signalling pathways in cancer [49-52].
PI3K initiates this signalling pathway and activates AKT,
leading to cell resistance to apoptosis and promotion of cell
proliferation and survival [53]. The PI3K/AKT signalling

pathway is also involved in the resistance of cancer cells to
radiotherapy and chemotherapy [54, 55]. Some studies have
confirmed that matrine, as one of the main components of
CK]I, inhibits the proliferation and metastasis of GC cells
through the PI3K/AKT signalling pathway [56], and our
experiments further confirmed this result to some extent.
EMT refers to the process by which epithelial cells lose
polarity and transform into mesenchymal cells under cer-
tain conditions. Its biological characteristics include the
reduced or complete disappearance of intercellular adhe-
sion, loss of polarity, and enhanced cell motility, inva-
sion, and metastasis. Through EMT, cells reduce or lose
epithelial cell markers, such as E-cadherin, cytokeratin,
and occluding, and increase or acquire mesenchymal cell
markers, such as N-cadherin, vimentin, and fibronec-
tin. The reduction or loss of E-cadherin encoded by the
CDH1 gene is the most important landmark change in
EMT. Studies have found that EMT is closely associated
with tumour chemotherapy resistance [57]. Western
blot results showed that CKI significantly increased the
expression of E-cadherin and decreased the expression of
N-cadherin and vimentin in GC cells, and this phenom-
enon became more obvious as the concentration of CKI
increased. The transwell assay further confirmed that
CKI could decrease the invasive ability of GC cells, and
the effect of CKI was related to the CKI dose. Evidence
shows that CKI can significantly inhibit the EMT of GC
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cells, and this effect becomes more obvious as the dose
of CKI increases. In addition, we observed that P13K
and p-AKT1 expression also decreased significantly and
became more significant with an increase in CKI concen-
tration, indicating that CKI has a significant inhibitory
effect on the P13K/AKT pathway. The P13K/AKT path-
way is also highly correlated with EMT in many tumors
[58, 59]. Therefore, we hypothesized that the PI3K/AKT
signalling pathway is the most important pathway for
CKI to act on GC. Through this pathway, CKI regulates
the EMT phenomenon in GC cells.

In our study, the cell proliferation assay and flow
cytometry results showed that CKI inhibits GC cell pro-
liferation and promotes apoptosis. These functions are
related to the dosage of CKI, and the effect becomes
more obvious as the dosage of CKI increases. We
hypothesized that these experimental results are related
to the regulation of the P13K/AKT signalling pathway
by CKI. Of course, we also acknowledge the possibil-
ity that CKI regulated other signalling pathways in the
context of GC. Both our data analysis results and other
studies have shown that CKI has multiple pathways that
regulate GC cells, including the MAPK signalling path-
way, TNF signalling pathway, IL-17 signalling pathway,
and P53 signalling pathway [60]. These signalling path-
ways influence each other to form a complex network of
effects. The impact of CKI on GC that occurs through
other pathways requires further study.

Conclusion

In conclusion, GC cell proliferation and invasion was sig-
nificantly reduced, and the EMT of GC cells was inhib-
ited under the action of CKI. Furthermore, these effects
are related to the concentration of CKI. These effects of
CKI on GC cells may be mediated through the PI3K/
AKT pathway. Our data may further demonstrate the
potential value of CKI, promote the application of the
drug, and support the use of CKI as a promising adjuvant
therapy for antitumor therapy.

Acknowledgements
Not applicable.

Authors’ contributions

LL conceived and designed the study and drafted the manuscript. KW, ZL, and
YL collected, analyzed, and interpreted the data. CW, XY, and JG revised the
manuscript for important intellectual content. All authors read and approved
the final manuscript.

Funding

This study was supported by grants from Shandong Province Medicine and
Health Science and Technology Development Plan (No. 202003030471 and
No. 202009031334), the Key R&D Program of Zibo City (No. 2018kj010100) and
the Development Foundation of Zibo Maternal and Child Health Hospital.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Page 13 of 14

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Zibo Central Hospital.
Signed written informed consents were obtained from the patients and/or
guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Quality Management Office, Zibo Central Hospital, Zibo 255000, Shandong,
China. “Department of Intervention, The Fourth People’s Hospital of ZiBo
City, Zibo 255000, Shandong, China. 3Departmem of Oncology, The People’s
Hospital of Gaoging District, Zibo 256300, Shandong, China. “Department
of Radiotherapy, Shandong Qianfoshan Hospital, Jinan 250014, Shandong,
China. °Department of Oncology, Maternal and Child Health Care Hospital
of Zibo, Zibo 255029, Shandong, China.

Received: 25 October 2021 Accepted: 22 April 2022
Published online: 20 May 2022

References

1. Ferlay J, Shin HR, Bray F, et al. GLOBOCAN 2008 v2.0, cancer incidence and
mortality worldwide: IARC CancerBase no. 10 [internet]. Lyon: Interna-
tional Agency for Research on Cancer; 2010. Available at: http://globocan.
jarc.fr. Accessed 4 Oct 2012

2. Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA Cancer J Clin.
2011;61:69-90.

3. WuH,Wang W, Tong S, et al. Nucleostemin regulates proliferation and
migration of gastric cancer and correlates with its malignancy. Int J Clin
Exp Med. 2015;8:17634-43.

4. Correa P Gastric cancer: overview. Gastroenterol Clin N Am. 2013;42:211-7.

5. Song Z WuY,Yang J, et al. Progress in the treatment of advanced gastric
cancer. Tumor Biol. 2017;1-7.

6. XuW,Yang G, XuY, Zhang Q, Fu Q, Yu J, et al. The possibility of traditional
Chinese medicine as maintenance therapy for advanced nonsmall cell
lung cancer. Evid Based Complement Alternat Med. 2014;2014:278917.

7. XuR, LinL, LiY, LiY. ShenQi FuZheng injection combined with chemo-
therapy in the treatment of colorectal cancer: a meta-analysis. PLoS One.
2017;12:€0185254.

8. LiX YangG, LiX, et al Traditional Chinese medicine in cancer care: a review of
controlled clinical studies published in Chinese. PLoS One. 2013;8:260338.

9. Chung VC,Wu X, Hui EP, Ziea ET, Ng BF, Ho RS, et al. Effectiveness of Chi-
nese herbal medicine for cancer palliative care: overview of systematic
reviews with meta-analyses. Sci Rep. 2015;5:18111.

10. Nourmohammadi S, Aung TN, Cui J, Pei JV, De leso ML, Harata-Lee Y, et al.
Effect of compound Kushen injection, a natural compound mixture, and
its identified chemical components on migration and invasion of colon,
brain, and breast cancer cell lines. Front Oncol. 2019;9:314.

11. Wang CY, Bai XY, Wang CH, et al. Traditional Chinese medicine: a treasured
natural resource of anticancer drug research and development. Am J
Chin Med. 2014;42:543-59.

12. Shao L, Zhang B. Traditional Chinese medicine network pharmacology:
theory, methodology and application. Chin J Nat Med. 2013;11:110-20.

13. Ao M, Xiao X, Li Q, et al. Efficacy and safety of compound Kushen injec-
tion combined with chemotherapy on postoperative patients with
breast cancer: a meta-analysis of randomized controlled trials. Medicine
(Baltimore). 2019;98:214024.

14. Yul, ZhouY,Yang, et al. Efficacy and safety of compound Kushen injection
on patients with advanced colon cancer: a meta-analysis of randomized
controlled trials. Evid Based Complement Alternat Med. 2017;2017:7102514.

15. Meng Z, Liu X, Wu J, Zhou W, Wang K, Jing Z, et al. Mechanisms of com-
pound Kushen injection for the treatment of lung cancer based on network
pharmacology. Evid Based Complement Alternat Med. 2019;2019:4637839.


http://globocan.iarc.fr
http://globocan.iarc.fr

Li et al. World Journal of Surgical Oncology ~ (2022) 20:161

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32

33

34.

35.

36.

37.

38.

Karimi P, Islami F, Anandasabapathy S, et al. Gastric cancer: descriptive
epidemiology, risk factors, screening, and prevention. Cancer Epidemiol
Biomark Prev. 2014;23:700-13.

Japanese Gastric Cancer Association. Japanese gastric cancer treatment
guidelines 2014 (ver. 4). Gastric Cancer. 2017;20:1-9.

De Manzoni G, Marrelli D, Baiocchi GL, et al. The Italian research Group
for Gastric Cancer (GIRCG) guidelines for gastric cancer staging and treat-
ment: 2015. Gastric Cancer. 2017;20:20-30.

Yoshida K, Yamaguchi K, Okumura N, et al. Is conversion therapy possible
in stage IV gastric cancer: the proposal of new biological categories of
classification. Gastric Cancer. 2016;19:329-38.

Jou E, Rajdev L. Current and emerging therapies in unresectable and
recurrent gastric cancer. World J Gastroenterol. 2016;22:4812-23.

Hasan MR, Bari MA, Alam S, et al. Concurrent weekly versus three weekly
cisplatin with radiotherapy in locally advanced uterine cervical carci-
noma. JNMA J Nepal Med Assoc. 2018;56:842-7.

Goswami R, Subramanian G, Silayeva L, et al. Gene therapy leaves a
vicious cycle. Front. Oncol. 2019;9:297.

Tao WW, Jiang H, Tao XM, et al. Effects of acupuncture, Tuina, tai
chi,Qigong, and traditional Chinese medicine five element music therapy
on symptom management and quality of life for cancer patients: a
metaanalysis. J Pain Symptom Manag. 2016,51:728-47.

LiuY, XuY, Jiw, et al. Anti-tumor activities of matrine and oxymatrine:
literature review. Tumour Biol. 2014;35:5111-9.

Galhena PB, Samarakoon SR, Thabrew M|, et al. Anti-inflammatory activity
is a possible mechanism by which the polyherbal formulation comprised
of Nigella sativa (seeds), Hemidesmus indicus (root), and Smilax glabra
(rhizome) mediates its antihepatocarcinogenic effects. Evid Based Com-
plement Alternat Med. 2012;2012:108626.

Ooi LS, Sun SS, Wang H, et al. New mannose-binding lectin isolated from
the rhizome of sarsaparilla Smilax glabra Roxb. (Liliaceae). J Agric Food
Chem. 2004;52:6091-5.

Samarakoon SR, Thabrew I, Galhena PB, et al. Modulation of apoptosis in
human hepatocellular carcinoma (HepG2 cells) by a standardized herbal
decoction of Nigella sativa seeds, Hemidesmus indicus roots and Smilax
glabra rhizomes with anti- hepatocarcinogenic effects. BMC Comple-
ment Altern Med. 2012;12:25.

Jiang J, Xu Q. Immunomodulatory activity of the aqueous extract from
rhizome of Smilax glabra in the later phase of adjuvant-induced arthritis
in rats. J Ethnopharmacol. 2003;85:53-9.

Song G, Luo Q, Qin J,Wang L, Shi Y, Sun C. Effects of oxymatrine on
proliferation and apoptosis in human hepatoma cells. Colloids Surf B:
Biointerfaces. 2006;48:1-5.

XuW, Lin H, Zhang Y, Chen X, Hua B, Hou W. Compound Kushen injection
suppresses human breast cancer stem-like cells by downregulating the
canonical Wnt/beta-catenin pathway. J Exp Clin Cancer Res. 2011;30:103.
Guo YM, Huang YX, Shen HH, Sang XX, Ma X, Zhao YL, et al. Efficacy of
compound Kushen injection in relieving cancer-related pain: a systematic
review and meta-analysis. Evid Based Complement Alternat Med.
2015;2015:840742.

Yanju B, Yang L, Hua B, Hou W, Shi Z, Li W, et al. A systematic review and
metaanalysis on the use of traditional Chinese medicine compound kushen
injection for bone cancer pain. Support Care Cancer. 2014;22:825-36.

Shao Q. The recent effect of radiotherapy combined with compound
kushen injection for esophageal cancer. Radiother Oncol. 2011;99:5372-3.
Brito AF, Ribeiro M, Abrantes AM, et al. Quercetin in cancer treatment,
alone or in combination with conventional therapeutics? Curr Med
Chem. 2015;22:3025-39.

Sun Q, Ma W, GaoY, et al. Meta-analysis: therapeutic effect of transcath-
eter arterial chemoembolization combined with compound kushen
injection in hepatocellular carcinoma. Afr J Tradit Complement Altern
Med. 2012;9:178-88.

Shao H, Yang B, Hu R, Wang Y. Matrine effectively inhibits the proliferation
of breast cancer cells through a mechanism related to the NF-kB signal-
ing pathway. Oncol Lett. 2013;6:517-20.

Li LQ, Li XL, Wang L, DuWJ, Guo R, Liang HH, et al. Matrine inhibits breast
cancer growth via miR-21/PTEN/Akt pathway in MCF-7 cells. Cell Physiol
Biochem. 2012;30:631-41.

Park HJ, Choi YJ, Lee JH, et al. Naringenin causes ASK1-induced apoptosis
via reactive oxygen species in human pancreatic cancer cells. Food Chem
Toxicol. 2017;,99:1-8.

Page 14 of 14

39. YaoVY,Rao C, Zheng G, et al. Luteolin suppresses colorectal cancer cell
metastasis via regulation of the miR384/pleiotrophin axis. Oncol Rep.
2019;42:131-41.

40. Hers|,Vincent EE, Tavaré JM. Akt signalling in health and disease. Cell
Signal. 2011;23:1515-27.

41. Altomare DA, Testa JR. Perturbations of the AKT signalling pathway in
human cancer. Oncogene. 2005;24:7455.

42. Manning BD, Cantley LC. AKT/PKB Signalling: navigating downstream.
Cell. 2007;129:1261-74.

43, Staal SP.Molecular cloning of the akt oncogene and its human homo-
logues AKT1T and AKT2: amplification of AKT1 in a primary human gastric
adenocarcinoma. Proc Natl Acad Sci. 1987;84:5034-7.

44. Knobbe CB, Reifenberger G. Genetic alterations and aberrant expres-
sion of genes related to the phosphatidyl-Inositol-3/-kinase/protein
kinase B (Akt) signal transduction pathway in glioblastomas. Brain Pathol.
2003;13:507-18.

45. Revathidevi S, Munirajan AK. Akt in cancer: mediator and more. Semin
Cancer Biol. 2019;59:80-91.

46. Bellacosa A, Franke TF, Gonzalez-Portal ME, Datta K, Taguchi T, Gardner J,
et al. Structure, expression and chromosomal mapping of c-akt: relation-
ship to v-akt and its implications. Oncogene. 1993;8:745-54.

47. LiZ, Zeng G, Zheng X, et al. Neuroprotective effect of formononetin
against TBI in rats via suppressing inflammatory reaction in cortical
neurons. Biomed Pharmacother. 2018;106:349-54.

48. Bashanfer SAA, Saleem M, Heidenreich O, Moses EJ, Yusoff NM. Disruption
of MAPKT1 expression in the ERK signalling pathway and the RUNX1-
RUNX1T1 fusion gene attenuate the differentiation and proliferation
and induces the growth arrest in t(8;21) leukaemia cells. Oncol Rep.
2019;41:2027-40.

49. Pérez-Ramirez C, Cafladas-Garre M, Molina MA, et al. PTEN and PI3K/AKT
in “non-small-cell lung cancer. Pharmacogenomics. 2015;16:1843-62.

50. Tuya N,Wang Y, Tong L, Gao W, Yu R, Xue L. Trichosanthin enhances the
antitumor effect of gemcitabine in non-small cell lung cancer via inhibi-
tion of the PI3K/AKT pathway. Exp Ther Med. 2017;14:5767-72.

51. Zheng H, Liu JF. Studies on the relationship between P13K/AKT signal
pathway-mediated MMP-9 gene and lung cancer. Eur Rev Med Pharma-
col Sci. 2017;21:753-9.

52. Zhang XW, Cui CB, Zhang PP, et al. Study on the mechanism of apoptosis
induction of lung cancer A549 cells by matrine through PI3K/Akt signal-
ing pathway. J Tradit Chin Med. 2017;10:821-4.

53. Kauffmann-Zeh A, Rodriguez-Viciana P, Ulrich E, et al. Suppression of
c-Myc-induced apoptosis by Ras signaling through PI (3) K'and PKB.
Nature. 1997;385:544.

54. Chang L, Graham P, Hao J, Ni J, Deng J, Bucci J, et al. Cancer stem cells
and signaling pathways in radioresistance. Oncotarget. 2016,7:11002-17.

55. Byers LA, Diao L, Wang J, et al. An epithelial-mesenchymal transition
gene signature predicts resistance to EGFR and PI3K inhibitors and identi-
fies Axl as a therapeutic target for overcoming EGFR inhibitor resistance.
Clin Cancer Res. 2013;19:279-90.

56. Peng X, Zhou D, Wang X, et al. Matrine suppresses proliferation and inva-
sion of SGC7901 cells through inactivation of PI3K/Akt/uPA pathway. Ann
Clin Lab Sci. 2016;46:457-62.

57. Nantajit D, Lin D, Li JJ, et al. The network of epithelial-mesenchymal tran-
sition: potential new targets for tumor resistance. J Cancer Res Clin Oncol.
2015;141(10):1697-713.

58. Chen J, ZhenT, Fang WL, et al. Microrna-139-5p inhibits epithelial-
mesenchymal transition and fibrosis in post-menopausal women with
interstitial cystitis by targeting LPAR4 via the PI3K/Akt signaling pathway.
J Cell Biochem. 2018;119:6429-41.

59. ChenY,Huang L, Wang S, et al. WFDC2 contributes to epithelial-mesen-
chymal transition (EMT) by activating AKT signaling pathway and regulat-
ing MMP-2 expression. Cancer Manag Res. 2019;11:2415-24.

60. Ruirong He R, Ou 'S, Chen S, et al. Network pharmacology-based study
on the molecular biological mechanism of action for compound Kushen
injection in anti-cancer effect. Med Sci Monit. 2020;26:918520.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Compound Kushen injection inhibits EMT of gastric cancer cells via the PI3KAKT pathway
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Part 1
	Data collection from online platforms
	Statistics and visualization of data
	Construction of the drug-disease network and protein–protein interaction (PPI) network
	Gene ontology and pathway enrichment

	Part 2
	Cell culture and grouping
	Cell proliferation assay
	Transwell assay
	Western blot
	Flow cytometry
	Statistical analysis


	Results
	Active components of CKI and target genes
	Drug-disease network and PPI network
	Gene ontology and pathway enrichment
	CKI inhibits GC cell proliferation
	CKI inhibits gastric cancer cell invasion
	CKI inhibits EMT in GC cells
	CKI increases the GC cell apoptosis rate

	Discussion
	Conclusion
	Acknowledgements
	References


