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Abstract: Gastric cancer (GC) is one of the most common malignant tumors in the world. It
is the fourth most common cancer and has the second highest mortality rate globally.
Metastasis is an important feature of gastric cancer and is the most common cause of
death. Exploring the mechanism underlying the metastasis of gastric cancer and searching
for new drug targets has become the focus of several studies. Traditional Chinese medicine
may show promise for treatment of gastric cancer. In this review, we report the recent
progress in research on the anti-metastasis activity of Chinese medicine, to facilitate clinical
development of treatments for gastric cancer.
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Introduction

Gastric cancer is the most common malignant tumor of the digestive system.
China accounts for 42.6% of gastric cancer cases globally,! and one of the main
causes of death is metastasis of malignant tumors.” With the continuous study of
traditional Chinese medicine, numerous studies have illuminated that in cancer
treatment it can be used to enhance the efficacy and diminish the side effects.
Chen et al.> Found that Huaier make the effective of HCC after curative liver
resection which can extend RFS and reduce extrahepatic recurrence. In addition,
Von Hagens et al.* illustrated that in a phase I study, patients who have metastatic
breast cancer with Long-term oral artesunate can consolidate the original curative
effect and safety. Deeken et al.” indicated that intravenous artesunate is 18 mg/kg
which the treatment of solid tumor was well tolerated and diminishing the side
effect. Compared to chemotherapy and radiotherapy in Western medicine, tradi-
tional Chinese medicine places considerable emphasis on overall regulation, and
it has been proved to be an effective therapy for reducing side effects, improving
the survival rate, and prolonging the survival period in cancer model systems.
There are some anti-radiation traditional Chinese medicine in radiotherapy.®
Traditional Chinese medicine is proved to be efficacious in increasing the sensi-
tivity to chemo- and radio-therapies.” And evidence from the meta-analysis
suggested that traditional Chinese medicine combined with chemotherapy has a
positive effect on gastric cancer treatment.® It can be seen that traditional Chinese
medicine is of great significant for assitant-therapy to decline the side effect, safe
and tolerable. The purpose of this review is to clarify the mechanism by which
traditional Chinese medicine helps in the treatment of gastric cancer and preven-

tion of metastasis as shown in Table 1.

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2019:11 8407-8418 8407
© 2019 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY _NC /

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati glli by-n/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



mailto:tangmosheng@yeah.net; 
mailto:chenxiwen7115@163.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Yang et al

Dove

Inhibition Of Proliferation Of

Gastric Cancer Cells

The proliferation of tumor cells is the foundation of tumor
invasion and metastasis. Excessive proliferation of tumor
cells at the primary focal center increases pressure and
promotes invasion and metastasis in the direction of low
pressure, resulting in metastasis to neighboring tissue and
distant organs. Traditional Chinese medicine and its com-
ponents can suppress the proliferation of gastric cancer by
arresting the cell cycle, inhibiting telomerase activity,
inducing apoptosis via the mitochondrial pathway, and
regulating inflammation-related factors.

Cell Cycle Arrest

Uncontrolled cell proliferation is one of the fundamental
biological characteristics of tumors, based on dysregula-
tion of the cell cycle. Various tumor components operate
through cell cycle arrest. Cell cycle-dependent kinase
(CDK2 and CDK4) plays a key role in cell cycle progres-
sion and is closely related to the entry of cells into S and
G1 phase.’ Cell cycle arrest of tumor cells by traditional
Chinese medicine is related to the loss of cell cycle-
dependent protein kinase inhibitory factor activity, thereby
inhibiting the CDK suppression signal and leading to cell
cycle regulation disorder. Several studies have reported
that'®'" matrines (including sophocarpine, oxysophocar-
pine, and sophoridine), astragalus polysaccharides (includ-
ing ascorbic acid, glucose, and fructose), and cinobufotalin
(an anti-cancer drug) can induce G1 cycle arrest.
Sun et al.'? found that Coleusin factor induced cell cycle
arrest at the GO/Gl stage in SGC-7901 cells. Other

. 13
studies'>!*

reported that berberine and ailanthone induced
G2/M cell cycle arrest and inhibited the proliferation of

gastric cancer cells.

Inhibition Of Telomerase Activity
Recent studies have discovered that telomerase is expressed
in more than 85% of cancers, making telomerase an attrac-
tive and viable target for the development of anti-cancer
therapeutics.'>!'® Telomerase may play an important role in
the process of tumor proliferation. Moreover, inhibiting
tumor cell telomerase activity through traditional Chinese
medicine can effectively inhibit tumor cell proliferation and
interfere with metastasis of tumor cells.

Caliskan et al.'” found that telomerase activity regu-
lates the expression of human telomerase reverse tran-
scriptase (hTERT) in gastric cancer cells, and suggested

Table | Traditional Chinese Medicine On Gastric Cancer
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that inhibiting telomerase activity may be a potential anti-
cancer therapeutic mechanism. Another study'® utilized
the PCR-TRAP method to evaluate telomerase activity in
BGC-823 human gastric carcinoma cells, and found that
gambogic acid (GA) can inhibit telomerase activity by
inhibiting the phosphorylation of Akt and reducing the
expression of hTERT. Duan et al.'"” demonstrated that
piperlongumine (PL) acts as an anti-cancer agent by inhi-
biting telomerase activity and cell proliferation in vitro and
in vivo.

Mitochondrial Apoptosis Pathway

Wang et al.?® found that the ethyl acetate extract of
COE)
could change the mitochondrial membrane potential of

Celastrus orbiculatus (C. orbiculatus extract,

the cell, downregulate the apoptosis-related proteins Bax
and caspase, and increase the expression of bcl-2 and
PI3K/Akt. These data suggest that the COE may inhibit
the proliferation and metastasis of gastric cancer cells by
inducing apoptosis. Pseudolaric acid (PAB) has been
shown to promote the apoptosis of various cells. Wang et
al.?! evaluated the molecular mechanism of the antitumor
activity of PAB in human leukemia U937 cells. U937 cells
were observed to be activated by the Bcl-2-mediated mito-
chondrial pathway, and activation of the caspase-depen-
dent pathway was regulated by PAB. In addition, the
activity of caspase-3 increased after PAB treatment. This
study thus showed that PAB can enhance U937 cell apop-
tosis, at least in part through the activation of the mito-
chondrial apoptotic pathway. Mao et al.*> found that
crocodile bile accelerated cell apoptosis via the mitochon-
drial apoptosis pathway. Simultaneously, it reduced the
mitochondrial membrane potential, and increased the pro-
duction of reactive oxygen species, the Bax/Bcl-2 ratio,
the levels of activated caspase-3, and the release of cyto-
chrome C. These data indicate that crocodile choline is a
potent inhibitor of gastric cancer cells via the mitochon-
drial apoptosis pathway.

Other Aspects

The literature shows that traditional Chinese medicine also
exhibits anti-gastric cancer effects through autophagy.”
Curcumin® may inhibit proliferation and induce the
autophagy and apoptosis in GC cells through MTT assay
and transmission electron microscopy (TEM). Lei*® find
that mulberry anthocyanins intervented SGC-7901 cells
induced autophagy byTEM observation results.

Some studies have shown that traditional Chinese med-
icine can inhibit the effect of tumor cells through ROS.
Kim DH et al*® reported for the first time that ISL induces
apoptosis of renal cell carcinoma Caki cells by producing
ROS, thus inducing p53 and inhibiting Stat3 signaling
pathway. Silybin?’ can induce caspase-dependent cell
death in vitro and inhibit the growth of glioma in vivo
through Ca2+/ROS/MAPK-mediated pathway.

There are other natural products, bitter melon extract
(BME), suppressing the cancer proliferation via different
mechanisms. Bhattacharya et al.*® shown that BME
enhances NK cell-mediated HNSCC killing activity and
reveals the potential immunomodulatory effects of BME.
Muhammad et al.?® found that BME attains anti-tumor
activity by induction of autophagy and AMPK/mTOR
pathway. Subsequently, they demonstrated that BME oral
feeding effectively inhibited cancer cell growth in isogenic
and xenograft mouse models. In addition, Bhattacharya et
al.*° shown that BME inhibited cell proliferation in BME
orally-fed mouse tumors via lowering expression of pro-
liferating cell nuclear antigen (PCNA) and c-Myc. Both of
their studies indicates BME high potential clinical
application.

Interference With Angiogenesis

By co-culturing endothelial cells with human or animal
macrophages or supernatants, it was found that the angio-
genic extracts caused chemotaxis of the peritoneal macro-
phages and human mononuclear cells in guinea pigs.
These results imply that tumor extracts act indirectly to
induce angiogenesis in vivo via their effect on host
macrophages.’! Angiogenesis can be controlled by inhibit-
ing the proliferation of vascular endothelial cells (VECs)
and by regulating vascular growth factors.

Inhibition Of The Proliferation Of VECs

Angiogenesis is an essential pathological process in the
metastasis of malignant tumors, and endothelial cell pro-
liferation is the basis of angiogenesis. Therefore, the dis-
covery and screening of drugs that inhibit the proliferation
of VECs has become a focus of tumor clinical research.
Zang et al.*? reported that Luteolin has an inhibitory effect
on gastric cancer angiogenesis and Vasculogenic mimicry
(VM) formation induced by inhibiting VEGF secretion,
which is dependent on Notchl expression. Huang et al.*
observed that curcumin could inhibit GC-MSC driven
angiogenesis, which inhibits the proliferation of vascular
endothelial cells, producing an anti-tumor effect. Lynne M
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Howells et al supported that in the treatment of patients
with metastatic colorectal cancer. Curcumin is well safety
and tolerated combining with FOLFOX chemotherapy.
Bing et al.>* reported that Xiaotansanjie decoction attenu-
ates microvessel density by inhibiting the proliferation of
vascular endothelial cells in gastric cancer.

Angiogenic Factors

Under conditions of local hypoxia, several molecular
responses are induced during tumor growth which activate
hypoxia-inducible factors. The transcription factor HIF
accumulates in endothelial cells under hypoxic conditions
and binds to the VEGF promoter to induce VEGF expres-
sion, resulting in angiogenesis.>> Dai et al.*® reported that
Ginsenoside Rg3 inhibits tumor growth and reduces lymph
node metastasis by inhibiting the expression of VEGF-C,
VEGF-D, and VEGFR-3 in an orthotopic mouse model of
human gastric cancer. Pang et al.>’ reported that xiaotan
sanjie can inhibit proliferation of human gastric adenocar-
cinoma cells MKN-45 by attenuating tumor angiogenesis,
which may be related to downregulation of the mRNA and
protein expressions of VEGF-C and VEGFR-3.

Inhibition Of Gastric Cancer Cell

Movement

Local invasion and distant metastasis are the most impor-
tant biological features of malignant carcinoma. Tumors
with invasive growth can not only continue to grow at the
original site, but also spread directly to the surrounding
tissue, and can also spread to other parts of the body
through a variety of ways. Therefore, inhibiting the metas-
tasis of gastric cancer cells is particularly important in the
treatment of tumor, including inhibition of the migration
and invasion of gastric cancer cells and the adhesion of
gastric cancer cells.

Migration And Invasion

The migration and invasion capabilities of gastric cancer
cells are associated with metastasis.”® Once proliferating
gastric cancer cells reach a certain density, they will
invade the adjacent basement membrane and extracellular
matrix, penetrate blood vessels, and enter the circulatory
system. Via migration through blood vessels, a small
metastasis focus will be formed on a target organ.*’
indicated that MMP-2 and

MMP-9 facilitate cell migration and invasion. MMP-2 is

Other studies have also

involved in the metabolism of type IV collagen in the

basement membrane, which is often the initial step in
cancer invasion and metastasis.*>*! In addition, MMP-9,
which is the main enzyme for degrading extracellular
matrix (ECM), is an important mediator of migration and
invasion for gastric cancer cells.*? Lu et al.** reported that
Silibinin acts by inhibiting the invasion and metastasis of
human gastric cancer SGC-7901 cells, and by downregu-
lating MMP-9 and MMP-2. Yan et al.** found that
Baicalein could inhibit the proliferative, adhesive, inva-
sive, and migratory abilities of SGC-7901 cells. The
underlying mechanism was the inhibition of the expression
of MMP-9 and MMP-2 by suppressing the activity of the
p38 signaling pathway. Zhang et al.*> demonstrated that
alisol B can regulate phosphorylation of vasodilator-stimu-
lated phosphoprotein (VASP) to inhibit gastric cancer cell
adhesion and migration.

Adhesion

An increase in cell adhesion molecule expression and
degradation of the extracellular matrix can control cancer
metastasis and reduce migration of cancer cells.

Regulating The Expression Of Adhesion Molecules

Adhesion molecules regulate cell-cell adhesion, as well as
adhesion of cells to the extracellular matrix. Reducing adhe-
sion between malignant tumor cells and enhancing adhesion
of tumor cells to host cells and the extracellular matrix are
two of the basic mechanisms of malignant tumor metastasis.
Adhesion is regulated by focal adhesion molecules includ-
ing CD44 and E-Cad. One of the functions of CD44 is to
regulate the adhesion and migration of tumor cells. In the
active state, the cytoplasmic domain of CD44 interacts with
the actin cytoskeleton, which promotes migration of tumor
cells.*® Sun et al.*’ found that HepG2 cells cultured with the
serum of rats fed with Biejiajian Pills showed lower expres-
sions of B-catenin protein both in the cytoplasm and the
nuclei along with the inhibition of GSK-3f phosphorylation
and reduced expression of CD44v6 and VEGF. Biejiajian
Pills suppress the proliferation and invasiveness of hepato-
cellular carcinoma. Xu et al.*® found that Huaier could
partly reverse the epithelial-mesenchymal transition
(EMT) by decreasing the expression of the mesenchymal
markers N-cadherin and vimentin and increasing the expres-
sion of the epithelial marker E-cadherin. Huaier extract
significantly inhibited both the migratory and invasive abil-
ities of gastric cancer cells. Ma et al Indicated that by

Comprehensive clinical analysis, Huaier might enhance
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clinical therapeutic effects and decline the side ones with
Gastrointestinal cancers.

Inhibiting Extracellular Matrix Degradation

MMPs are the major zymogen family proteins that degrade
tumor extracellular matrix (ECM). MMPs can promote
tumor cell invasion of the ECM by degrading it, which
permits tumor cells to migrate to other sites. Wu et al.*’
found that the combination of Apatinib and AsPs could
inhibit the expression of phosphorylated AKT (p-AKT)
and MMP-9 expression. Apatinib, in combination with
AsPs, showed enhanced inhibitory effects on cell prolif-
eration, migration, and invasion compared with Apatinib
monotherapy. Jiao et al.’® found that the migration and
proliferation of the SGC-7901 cells were decreased after
incubation with different concentrations of Tanshinone ITA
(TSN) in a dose-dependent manner. Moreover, the expres-
sion levels of Ki-67, PCAN, MMP-2, MMP-9, and
FOXM1 were decreased, and P21 was increased in the
TSN-treated SGC-7901 cells.

Modulation Of Metastasis-Related Genes
To Inhibit Metastasis

Inhibition of gastric cancer cell metastasis can be achieved
by regulating metastasis-related gene expression in gastric
cancer. In 2003, Ishikawa et al.”' reported that VEGF-C and
-D genes may be associated with lymphatic metastasis of
early gastric cancer, which suggested that VEGF-C and -D
genes inhibit tumor metastasis. Dai et al.>® reported that
ginsenosides can target vegf-c, vegf-d, and vegfr-3 genes in
mouse models of human gastric cancer cells and inhibit the
progression and metastasis of malignant tumors. Bao et al.>?
reported that naringenin may inhibit the migration and
invasion of human gastric cancer SGC-7901 cells by redu-
cing the expression of metastasis related genes MMP-2 and
MMP-9. Liu et al.> reported that Dehydroeffusol can sig-
nificantly inhibit the migration and invasion of gastric can-
cer cells in vivo and in vitro. Dehydroeffusol can inhibit
gene promoter activity, influence the expression of the
vasculogenic mimicry master gene VE-cadherin, and sig-
nificantly reduce the expression of metastasis associated
genes in gastric cancer cells (MMP2), thus effectively inhi-
biting gastric cancer metastasis. The proliferation of gastric
cancer cells not only increases the pressure between gastric
cancer cells, but also enhances metastasis. Most traditional
Chinese medicines exhibit their anti-metastasis effect by
regulating the relevant oncogenes and anti-oncogenes to
further inhibit cellular proliferation and induce apoptosis.

Recent studies have demonstrated that metastasis-associated
genes include Bcl-2, Bax, maspin, and p53. Mu et al.>*
showed that baicalein has anti-apoptotic activity by down-
regulating Bel-2 and upregulating Bax in SGC-7901 cells.
Qian et al.”>” indicated that COE could induce apoptosis of
human gastric cancer MGC-803 cells overexpressing the

maspin gene.

Regulation Of Inflammation-Related

Factors

Cancer-related inflammation can promote tumorigenesis,
tumor growth, and tumor metastasis in many types of
cancers. Therefore, inhibiting cancer-related inflammation
significantly improves the effects of cancer therapy. It is
known that neoplastic cells often over-express proinflam-
matory mediators including proteases, eicosanoids, cyto-
kines, and chemokines.’® Moreover, 40 years ago, the
phenomenon of TNF-mediated cell death in vitro and its
physiological and pathophysiological effects were first
described.”’® Blocking TNF causes TNFRI1 to no longer
activate MAPK and NF-kB signaling, resulting in down-
regulation of proinflammatory genes.’® Curcumin plays an
anti-cancer role by inhibiting the occurrence, progression,
and metastasis of various cancers, and inhibits cancer by
two main processes that affect angiogenesis and tumor
growth. Curcumin inhibits lymph node metastasis in gas-
tric cancer, and its pleiotropic activity is mediated by
modulating proinflammatory cytokines, and other signal-
ing molecules, Human protein STAT3, NF-kB, COX-2, 5-
LOX, C- reactive protein, prostaglandin E (2), prostatic
specific antigen, adhesion molecule, phosphorylase kinase,
triglyceride, transforming growth factor beta, ET-1 HO-1,
creatinine, ALT, and AST.°>% Patchouli alcohol (PA), the
main active ingredient of Pogostemonis herba, has anti-
Helicobacter pylori and gastroprotective functions. In
addition, PA significantly reduced the levels of pro-inflam-
matory cytokines such as interleukin —4 (IL-4), IL-2, and
tumor necrosis factor (TNF-alpha), and increased the level
of the anti-inflammatory cytokine IL-13 in GES-1 cells. To
a certain extent, reducing the inflammatory reaction of the
gastric mucosa can help block the precancerous lesions of
gastric cancer.®

Conclusion

This article summarizes how Chinese medicine can inter-
vene at multiple levels and affect multiple targets to influ-
ence the metastasis of gastric cancer as shown in Figure 1.
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Figure | Mechanisms underlying therapeutic effects of traditional Chinese medicine on gastric cancer. (A) General approach of mechanisms. (B) Detailed approach of

mechanisms.

However, it is difficult to confirm the active ingredients of
traditional Chinese medicines due to their multimodal
anti-tumor effects and complex composition, thus greatly
limiting their potential. Additionally, clinical research for
traditional Chinese medicine still lacks in-depth study and
evaluation criteria, and as a result its authenticity is largely
unrecognized. These findings suggest that the multi-effects
of traditional Chinese medicine should be combined with
those of Western medicine, allowing integrative medicine

to be used to control tumors. It is expected that further
rigorous research will demonstrate that traditional Chinese
medicine has clinical significance for treatment of the
metastasis of gastric cancer and will lead to improvement
of preventive measures.

With the continuous discovery and deeper exploration
of the mechanism of gastric cancer and identification of
the new molecular targets, the target of Chinese medicine
in gastric cancer has been found, and the effects of

Cancer Management and Research 2019:1 |
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traditional Chinese medicine have been determined at the

molecular level, which provides the basis for clinical

applications of traditional Chinese medicine.
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