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Cancer has become one of the major causes of human death. Several
anticancer drugs are available; howeve their use and efficacy are limited by
the toxic side effects and drug resistance caused by their continuous
application. Many natural products have antitumor effects with low toxicity
and fewer adverse effects. Moreover, they play an important role in enhancing
the cytotoxicity of chemotherapeutic agents, reducing toxic side effects, and
reversing chemoresistance. Consequently, natural drugs are being applied as
potential therapeutic options in the field of antitumor treatment. As natural
medicinal plants, some components of ginseng have been shown to have
excellent efficacy and a good safety profile for cancer treatment. The
pharmacological activities and possible mechanisms of action of ginseng
have been identified. Its broad range of pharmacological activities includes
antitumor, antibacterial, anti-inflammatory, antioxidant, anti-stress, anti-
fibrotic, central nervous system modulating, cardioprotective, and immune-
enhancing effects. Numerous studies have also shown that throuth multiple
pathways, ginseng and its active ingredients exert antitumor effects on
gastrointestinal (GI) tract tumors, such as esophageal, gastric, colorectal,
liver, and pancreatic cancers. Herein, we introduced the main components
of ginseng, including ginsenosides, polysaccharides, and sterols, etc., and
reviewed the mechanism of action and research progress of ginseng in the
treatment of various Gl tumors. Futhermore, the pathways of action of the main
components of ginseng are discussed in depth to promote the clinical
development and application of ginseng in the field of anti-Gl tumors.
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1 Introduction

Recently, the incidence of digestive tract tumors has
lifestyles
and poor

increased rapidly as people’s have changed

dramatically and stress eating habits have
overwhelmed the digestive tract. Gastrointestinal (GI) tumors
are a major disease threatening human life and health. According
to the latest global cancer burden data for 2020 released by the
International Agency for Research on Cancer of the World
Health Organization, among the top ten tumors in terms of
incidence, four are GI tumors, namely colorectal cancer
(1.93 million, 10%), stomach cancer (1.09 million, 5.6%), liver
cancer (0.91 million, 4.7%), and esophageal cancer (0.6 million,
3.1%); among the top ten tumors in terms of mortality Among
the top 10 tumors, 5 are GI tract tumors, namely colorectal
cancer (940,000, 9.4%), liver cancer (830,000, 8.3%), stomach
cancer (770,000, 7.7%), esophageal cancer (540,000, 5.5%), and
pancreatic cancer (470,000, 4.7%). In addition, GI tract tumors
include cardia cancer, gastric mesenchymal tumor, mucinous
adenocarcinoma of the appendix, duodenal cancer, gallbladder
cancer, bile duct cancer, and anal cancer. Currently, surgery-
centered regimens combined with chemotherapy are the
cornerstone of multiple tumor treatment modalities.
Chemotherapy, as one of the main treatments for GI tumors,
effects but is

accompanied by non-negligible toxic effects. As the number of

usually produces significant therapeutic
chemotherapy cycles continues to increase, tumor cells become

less sensitive to chemotherapeutic agents and develop
chemoresistance, leading to tumor recurrence and metastasis,
directly affecting the near-term efficiency and long-term survival
of patients (Liu Y et al., 2021).

An increasing number of natural products have antitumor
effects with low toxicity and fewer adverse effects and are being
applied as potential therapeutic options in the field of antitumor
therapy. Moreover, numerous basic and clinical studies have
shown that natural products play an important role in enhancing
the cytotoxicity of chemotherapeutic agents, reducing toxic side
effects, and resistance to chemotherapy. For example, some
components of ginseng have been shown to have excellent
efficacy and a good safety profile in cancer treatment (de
Oliveira et al., 2018).

Panax ginseng C. A. Mey. is a herb belonging to the genus
Ginseng, commonly referred to as “Ren shen” at Chinese. The
genus Ginseng originated in the ancient tropics of the Tertiary
Period, and there are five main species in the genus Ginseng:
Panax ginseng, Panax pseudoginseng, Panax japonicus, Rhizoma
Panacis Majoris, and Panax quinquefolium. Over the years, these
plants have been widely studied and used in food or medicinal
herbs, especially in many Asian countries with a much longer
history, the main sources of which are China, the Korean
Peninsula, Japan and Eastern Russia. Ginseng has a wide
date, The

pharmacological activities and possible mechanisms of action

range of wuses and, to remains popular.
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of ginseng and its active ingredients have been discovered in the
past decades. Its broad range of pharmacological activities
includes antibacterial, anti-inflammatory, antioxidant, anti-
stress, anti-fibrotic, central nervous system modulation,
cardioprotective, immune-enhancing effects, and significant
antitumor activity (Shi et al.,, 2019). In addition, ginseng and
its active ingredients have been shown to exert antitumor effects
on various GI tumors, such as esophageal, gastric, colorectal,
liver, and pancreatic cancers, through multiple pathways. In this
review, the ethnopharmacology and main active ingredients of
ginseng are presented, along with the antitumor evaluation of
individual ginseng components, to reveal their respective modes

of action in the field of GI tumors for prevention and treatment.

1.1 Main active ingredients responsible for
the anti-tumor effect of ginseng

The bioactive components of ginseng mainly include
(GPS),
proteins,

ginsenosides, ginseng  polysaccharides ginseng

polyacetylenes, sterols, volatile oils, ginseng
polypeptides, amino acids, vitamins, organic acids, and trace
elements. The main antitumor components include ginsenosides,
ginseng polysaccharides, ginseng polyacetylenes, sterols, and
volatile oils (Hong et al, 2021). Among these, ginsenosides
are the most important components of ginseng that exert
antitumor effects. The molecular structural formulae of the

main components of ginseng are shown in Figure 1.

1.1.1 Ginsenosides

Ginsenosides are the main physiological activities and active
ingredients of ginseng. They are triterpenoids and are classsified
into three types according to their saponin skeleton and
structure: dammaranes, oleanolic acids and oxytetracyclines.
Among the three types of saponins, dammarane saponins are
the most important. Dammarane saponins are further classified
into protopanaxadiol (PPD) and protopanaxatriol (PPT). The
saponin components are: 20(s)-PPD and 20(S)-PPT. Ginseng
contains 45-60% PPD, 12-20% PPT, and 7-10% oleanolic
saponins. Among them, ginsenosides Rbl, Rb2, Rb3, Rc¢, Rd,
Rg3, Rg5, Rh2, Rsll, Rkl, F2, and C-K belong to panaxadiol
saponins (PDS), whereas ginsenosides Re, Re7, Rgl, 6-acetyl-
Rg3, Rgl8, Rhl, Rh4, Rpl, Rf and Fl,etc. are ginsenosides of the
triol type (panaxadiol saponin, PTS) (Hong et al., 2021).
Recently, some studies have proposed that ginsenosides can
inhibit cell proliferation, induce apoptosis, inhibit Wnt/p-
catenin, Nuclear factor-xB (NF-kB), EGFR/AKT, Janus kinase
2/signal transducer and activator of transcription 3 (JAK2/
STAT3), PI3K/Akt/mTOR and MAPK/ERK. Moreover
activation of these signaling pathway has a strong anti-tumor
effect on the growth of various tumors, and can be used
synergistically with various chemotherapy drugs to improve
efficacy and reduce toxicity significantly. Thus, ginsenosides
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FIGURE 1
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Molecular structureal formula of the main active ingredients of ginseng. (A) Ginsenosides-C-K (B) Ginsenosides-F1 (C) Ginsenosides-F2 (D)
Ginsenosides-Rb1 (E) Ginsenosides-Rb2 (F) Ginsenosides-Rb3 (G) Ginsenosides-Rc (H) Ginsenosides-Rd (I) Ginsenosides-Rf (J) Ginsenosides-Rgl
(K) Ginsenosides-Rg3 (L) Ginsenosides-Rg5 (M) Ginsenosides-Rh1 (N) Ginsenosides-Rh2 (O) Ginsenosides-Rh4 (P) Ginsenosides-Rk1 (Q) beta-
Elemene (R) beta-Eudesmol (S) beta-Sitosterol (T) Stigmasterol (U) Cinnamic_acid (V) Panaxynol (W) Panaxytriol (X) Panaxydol (Image credit:

National Library of Medicine - National Center for Biotechnology Information https://pubchem.ncbi.nlm.nih.gov/).
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have broad development prospects as novel anticancer
therapeutic agents and anticancer adjuvant drugs.

1.1.2 GPS

Polysaccharides are a class of biological macromolecules with
complex structures. Immunological activity is an important
biological activity of polysaccharides, and many of which have
been widely used clinically as immunity-enhancing drugs. GPS is
a polymeric acidic polysaccharide extracted from ginseng.
According to traditional Chinese medicine theory, GPS
nourishes the “qi” of the spleen and lungs. The most effective
pharmacological effect of GPS is immunity enhancement and
improvement of the pathological state of the entire organism
(Zhang E et al,, 2017).

GPS, with a content of approximately 5%, is an important
bioactive component of ginseng. It is a polymeric glucan
composed of two parts: ginseng neutral sugar and ginseng
acidic  pectin, with ginseng starch accounting for
approximately 80% of the total polysaccharide and ginseng
pectin for approximately 20%. Neutral sugars mainly comprise
amylose glucan and a small amount of arabinogalactan (AG).
Acidic pectin is often a heteropolysaccharide rich in galacturonic
acid. Ginseng polysaccharide, an indispensable chemical
component of ginseng, is an early studied polysaccharide
bioactive component, a light yellow to yellowish brown
hot
polysaccharides have been isolated and purified from the roots
or fruits of ginseng plants, including GPS GFP1, PGP2a, PGPW1,
ginseng, WGPA-1-HG, 2-HG, 3-HG, 4-HG, WGPA-3-RG, and
4-RG.

Ginseng pectin is the main pharmacologically active

powder  soluble in water.  Various antitumor

substance of GPS, which has various pharmacological effects,
including antitumor, immunomodulatory, hypoglycemic, anti-
radiation, anti-adhesive, anti-viral, antioxidant, inflammatory
lowering and anti-septic effects. It is commonly used clinically
for the comprehensive treatment of many types of malignant
tumors, and to alleviate the adverse effects caused by
chemotherapy and radiotherapy.

1.1.3 Polyacetylenes

Polyacetylene (PA) is a lipophilic phytoconstituent with a
wide range of biological activities. Medicinal plants containing
alkynols have a long been used in Chinese medicine and are
widely used in Asia (Cai et al, 2007). Panaxydol (PND),
panaxytriol (PNT), and panaxynol (PNN) are the main
polyacetylenes in ginseng that exhibit anticancer activity.

1.1.4 Sterols

The main sterols components in ginseng are {3-sitosterol and
stigmasterol. Sterols reportedly inhibit the development and
progression of many cancers, such as breast, prostate, colon,
lung, stomach, and ovarian

cancers, through various

cell signaling pathways (Bin and Ameen, 2015; Mahmoud and
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El-Sayed, 2019). In addition, B-sitosterol has anxiolytic, and

sedative, analgesic, anti-hypercholesterolemic, anti-

inflammatory, anti-microbial, hypolipidemic, and
hepatoprotective properties (Rather and Bhagat, 2020; Salehi

et al., 2020).

1.1.5 Volatile oils

Regarding compound types, ginseng volatile oil mainly
contains monoterpenes, alkanes, esters, and sesquiterpenes.
the
components of ginseng volatile oil, which are further divided

Among them, sesquiterpenoids are characteristic

into sesquiterpenes (such as P-panasinsene, o-gurjunene,

B-caryophyllene, p-
neoclovene, etc., formula C15H24, m/z 204) and sesquiterpene

germacrene, [-gurjunene, (-elemene,
oxygenates (mainly alcohols such as spathulenol, PNN, globulol,
a-cadinol, with molecular formulae C15H240 and C15H260,
m/z 220 and 222).

Sesquiterpenoids are the characteristic components of
volatile ginseng oil. Reportedly, sesquiterpenoids have a wide
range of biological activities, with various pharmacological
(Ham et 2019),
inflammatory (Chen et al, 2018), and antioxidant (Kang
2013) effects.
monomer P-elemene is a class II non-cytotoxic antitumor

effects, such as antitumor al., anti-

et al, The sesquiterpene effective active
drug in China and is used clinically for the treatment of lung,
liver, and breast cancers, among others.

1.1.6 Organic acids

Common organic acids in ginseng include citric, cinnamic,
fumaric, maleic and salicylic acids. Modern studies have
demonstrated that some organic acids in Chinese medicine
also have biological activities, which may become an
important direction for future research (Tang et al, 2012).
Organic acids in ginseng, such as cinnamic acid, bind to
various therapeutic targets and have broad-spectrum
biological properties, including antibacterial, anti-viral, and
anticancer activities. Mechanistically, cinnamic acid can
inhibit microtubulin, histone deacetylase, NF-kB, adenosine
5'-monophosphate-activated protein kinase (AMPK) signaling,
matrix metalloproteinase, and epidermal growth factor receptor

in cancer cells (Feng et al., 2022).

1.1.7 Proteins

Ginseng proteins (GP) are chemically active components
present in the roots and leaves of ginseng plants. The protein
content varies among different regions and species of ginseng
depending on the origin of ginseng, with large differences in
ginseng protein expression between high-latitude and low-
latitude regions and smaller differences in ginseng protein
expression between regions of the same latitude. GP are
classified into RNA-like enzyme proteins, ribonucleases,
saponin synthesis-related enzymes, chitin-like proteins, and
xylanases, according to their functions, which are related to

frontiersin.org
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ginseng antifungal, anti-viral, and saponin synthesis, affecting
cell proliferation and transcriptional activities. After extraction
and purification, water-soluble GP have antioxidant, anti-
radiation, immune boosting, hypoxia tolerance, and anti-
fatigue effects. Also, they have memory improvement, anti-
fatigue, anti-aging, tumor suppression, neuroprotection, and
immune-boosting effects, which provide new ideas for herbal
health care, beauty, and drug development (Li et al., 2022a).

1.1.8 Ginseng polypeptides

Ginseng polypeptides consist of amino acids, which are
precursor molecules of proteins that are easily absorbed by
the body
hypoglycemic,

and have antibacterial, immune-enhancing,

memory-improving, and hypoxia-resistant
properties. They can also be used as a quality marker for
different years of ginseng and have broad applications in the

quality control of medicinal plants (Li G et al., 2022).

2 Anti-tumor mechanism of action of
the active ingredients of ginseng

2.1 Inhibition of tumor cell proliferation

GS are the main active ingredients of ginseng, responsible for
its main physiological activities and its major antitumor effects.
For example, GRh2, Rg3, Rh4, Rk3, Rd, and C-K have good
inhibitory effects on the proliferation of tumor cells in gastric,
liver, colorectal and pancreatic cancers.

In gastric cancer cells, GRh2 and GRd inhibited the
proliferation of gastric SGC-7901 cells in a dose-dependent
manner (Han et al., 2020; Tian et al., 2020). GRh2 combined
with PPD significantly inhibited proliferation and induced
cytoplasmic vacuolization in gastric cancer HGC-27 cells by
upregulating the expression of LC3II and p62, leading to
mitochondrial damage, lysosomal dysfunction, and autophagic
flow blockage (Qian et al, 2016). In HepG2 hepatocellular
carcinoma (HCC) cells, GRh2 could exert an anticancer effert
GSK 3B
downregulating p-linked protein (Shi et al., 2016). In addition,
GRh2 can specifically inhibit the proliferation of HepG2 (Zhang |
et al, 2019) and Hep3B hepatoma cells by reducing
H3K27me3 modification at the promoter of the CDKN2A-2B
gene cluster site, promoting the transcription of tumor
suppressor P14, P15, and P16 genes, reducing
EZH2 expression (Li et al., 2017). Zhang et al. observed that
C-K downregulated Bclafl expression, inhibited the HIF-la-
mediated glycolytic pathway, and suppressed the proliferation
of hepatoma cells (Bel-7404 and Huh7) (Zhang R et al., 2020).
PPD has antioxidant, anti-inflammatory, and antitumor effects.
In addition, it had the best inhibitory effect on HCC cell lines,
inhibited the proliferation of HepG2 and PLC/PRF/5 hepatocytes
in a dose-dependent manner, and suppressed the malignant

by activating glycogen synthase kinase and

and
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progression of HCC (Yang L et al, 2019). PDZ-binding
kinase/T-LAK cell-derived protein kinase (PBK/TOPK) is a
cancer-testis antigen family member whose expression in
normal tissues is only present in the testis and embryonic
tissues and proliferating brain neural stem cells. It is highly
expressed in various malignant tumors, such as colorectal,
lung, and bile duct cancers, and is closely associated with the
malignant biological behavior of cancer (He et al., 2010). In their
study, Yang et al. observed that GRh2 inhibited the activity of
PBK/TOPK and extracellular regulatory protein kinase 1/2
(ERK1/2) and (H3) phosphorylation levels to inhibit the
proliferation of human HCT116 colorectal cancer cells (Yang
et al., 2016).

The aberrant expression of PTEN, a classical oncoprotein,
interferes with cell proliferation and apoptosis. Meanwhile,
PTEN is a key regulatory protein of the PI3K/AKT signaling
pathway and the two proteins are negatively correlated. Yang
et al. observed that GRg3 regulates the PTEN/B-PI3K/AKT
PTEN P53
downregulates p-pi3k and AKT expression, inhibits cell

pathway,  upregulates and expression,
proliferation, and suppresses the malignant development of
gastric cancer SGC-7901 (Yang L et al, 2020). C/EBPp is a
leucine zipper transcription factor that plays a crucial role in cell
proliferation, differentiation and tumorigenesis. Numerous
studies have shown that C/EBPP plays a pro-cancer role in
various cancers. Recently, C/EBPP has been implicated in the
regulation of human colorectal carcinogenesis (Zhang F et al.,
2015). Yang et al. observed that GRg3 inhibited the reverse
transcriptional activation of C/EBPP, while the association of
C/EBPp with the NF-«xB p65 subunit was reduced, and NF-«xB
activation was inhibited. Furthermore, GRg3 reportedly inhibited
the proliferation of colorectal tumors HCT116, HT29, and
SW480 cells partly through downregulation of the C/EBPP/
NF-kB signaling pathway and significantly inhibited the
of

intraperitoneal injection of GRg3 (Yang et al, 2017). In

growth of xenografts in nude mice after 3 weeks
addition, GRh3 inhibited the proliferation of colorectal cancer
SW1116 cells in a dose- and time-dependent manner (Cong et al.,
2020).

TGEF-B, a molecule with transforming cellular properties, is
an important activation signal for cellular functions and is
important in cell differentiation, tissue repair, and
immunosuppression. Smad 2/3, a TGF-p receptor-dependent
TGE-p

signaling and activates internal transcriptional activation in

activating transcriptional molecule regulated by
endothelial cells, thereby promoting cell proliferation. Jiang
et al. observed that GRh4 exhibits strong anti-gastric cancer
effects both in wvitro and in vivo. Moreover, GRh4 was
inhibited GC HGC-27 and BGC-823
and colony formation the

dependent TGF-B/Smad2/3 signaling pathway (Jiang et al,

significantly cell

proliferation through six1-

2022). Liu et al. observed that in esophageal cancer cells,
GRK3 triggered Gl phase blockade and activated apoptosis

frontiersin.org
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and autophagy by blocking the PI3K/Akt/mTOR pathway,
thereby the of Ecal09
KYSE150 cells, exerting anti-esophageal cancer activity in vitro
and in vivo (Liu et al.,, 2019).

The JAK2/STATS3 signaling pathway is a signaling pathway

inhibiting proliferation and

widely shared by cytokines such as lymphokines and adipokines
that mediate cell proliferation, apoptosis, and differentiation. For
example, Fan et al. demonstrated that ginseng diol inhibited
proliferation and induced apoptosis of pancreatic cancer cell lines
PANC-1 and Patu8988 through the JAK2/STAT3 signaling
pathway in a dose-dependent manner, limiting the malignant
progression of pancreatic cancer (Fan et al., 2021).

GPS exhibits antitumor effects mainly through two
mechanisms: direct inhibition of tumor cell proliferation and
indirect demonstration of antitumor effects by improving the
immune function of the body (Zhao, 2020). Cheng et al. divided
GPS into neutral and acidic fractions, where the acidic group
WGPA, mainly enriched in pectin and AG, exhibited significant
inhibitory effects on cells and pectin-mediated antiproliferative
activity (Cheng et al., 2011). GP can be hydrolyzed by pepsin,
pancreatic enzymes, and dual enzymes, and enzymatic digestion
produces mainly low molecular weight proteins, and small
amounts of amino acids. Li et al. observed that total ginseng
protein had the best inhibitory effect on Hep-2 cells in vitro, and
its inhibition rate increased with the increasing protein
concentration (Li et al., 2016a). Ren et al. observed that GP
was induced through the mitochondrial pathway, blocking cell
mitosis and inhibiting the ability of apoptosis, thus inhibiting the
proliferation of cancer cells (Ren, 2019). Cheng et al. observed
that GP enhanced the effect of H202-induced cancer cell
damage, thereby inhibiting cell proliferation (Cheng et al,
2016). Ginseng pectin enriched with the HG structural
domain had significant antiproliferative and cell cycle arrest
effects on colon cancer cells in the G2/M phase, whereas HG-
rich, RG-1, and HG-only pectin had significant inhibitory effects
on the proliferation of liver cancer cells (Luo et al., 2017).

High concentrations of PNT (80 pmol/L) can regulate HCC
HepG2 cytochrome P3A4 (CYP3A4) expression through
constitutive androstane receptor (CAR), The effects of CAR
and pregnane X receptor (PXR) have an interactive dialogue,
and after regulation, CAR can inhibit the PXR-CYP3A4 pathway
(Hu, 2018; Hu Q et al, 2019). PNT triol upregulationes
CYP3A4 in human HCC HepG2 cells through the nuclear
receptor PXR and upregulates PXR and CYP3A4 mRNA and
protein expression after 24 h of intervention (Wu, 2017; Wu
et al.,, 2019). In both human HCC HepG2 and Huh-7 cells, PNT
upregulated the expression of the target gene CYP3A4 by
attenuating the binding of PXR to HSP90a and promoting
PXR-RXRa binding. At high concentrations, CAR was
involved in the regulation of CYP3A4 through a similar
mechanism. Moreover, during the upregulation of PXR-
CYP3A4 by PNT triol, CAR can interactively inhibit PXR by
counteracting its binding to RXRa (Zhang, 2021).
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B-sitosterol inhibits cell growth by inducing apoptosis in
human gastric cancer SGC-7901 (Zhao et al., 2009). B-sitosterol
can mediate the AMPK/PTEN/Hsp90 pathway to inhibit the
growth of human gastric cancer AGS cells in vitro and in vivo
(Shin et al., 2018). Moreover, it also inhibits the proliferation of
human colon cancer (HT-29) cells by stimulating the
sphingolipid cycle (Khan et al, 2022). Cell nuclear antigen
(PCNA) is an indicator of cell proliferative activity. In colon
cancer, P-sitosterol decreases the expression of proliferating cell
nuclear antigen (PCNA) (Sharmila and Sindhu, 2017). Shin et al.
observed that the antitumor effects of 3-sitosterol are mediated
by the AMPK/PTEN/HSP90 axis in AGS human gastric
adenocarcinoma cells and xenograft mouse models (Shin
et al., 2018). Wang et al. observed that {-sitosterol inhibited
the proliferation of colorectal cancer cells by regulating the
reactive oxygen species (ROS)/AMPK/mTOR pathway to
inhibit colorectal cancer cell proliferation (Wang G et al., 2022).

2.2 Induction of tumor cell cycle arrest

The ability of cells to complete the proliferation process is
closely related to the cell cycle. Cell cycle regulation requires the
cooperation of several extracellular and intracellular signals.
However, in the absence of appropriate signals, cells will be
unable to move to the next stage, a phenomenon called cell cycle
arrest. In addition, cell cycle blocks help to maintain genetic
stability, and cell cycle-regulated gene mutations play an
important role in tumorigenesis.

Several studies have shown that GS can induce cell cycle
blockade in various tumor cells to inhibit growth and exert
antitumor effects. For example, GRh2 induced cycle arrest in
the GO/G1 phase in gastric cancer cells SGC-7901 (Qian et al.,
2016), HCC cells HepG2, Hep3B (Li et al., 2017), and colorectal
cancer cells (LoVo/5-fluorouracil (5-FU) and HCT-8/5-FU) (Liu
G et al, 2018), and inhibit tumor growth. Deng et al. observed
that Rh4 inhibited PD-L1 growth by suppressing aerobic
glycolysis and regulating the AKT/mTOR pathway to inhibit
PD-L1 expression and induce G1 phase arrest to inhibit growth,
thus exerting anti-esophageal cancer effects (Deng M et al.,
2020).

GRg3, GRg5, Rd, and Re can induce cell cycle arrest in gastric
cancer. For example, Zhang et al. obseved that GRg5 can increase
the expression of P21 by reducing the production of the CCNG1/
CDK 2/PCNA complex, causing cell cycle arrest in the S phase,
and GRg5 can also regulate the cell cycle by inhibiting
Notchl protein expression, thus inhibiting the progression of
AGS and MKN-45 in gastric cancer cells (Zhao et al., 2020); Liu
et al. obseved that GRg5 can regulate the ROS-mediated MAPK
pathway to induce gastric cancer cells SGC-7901 and BGC-823 to
block the G2/M phase (Liu and Fan, 2019). Yang et al. obseved
that Rg3 suppressed the malignant development of gastric cancer
SGC-7901 by regulating the PTEN/B-PI3K/AKT pathway,
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upregulating PTEN and P53 expression and downregulating
p-pi3k and AKT expression to block the cell cycle in the
G1 phase (Yang M et al., 2020); In addition, GS-Rd induced
cell cycle arrest in the GO/G1 phase in gastric cancer cells SGC-
7901 and MKN-45 by downregulating cell cycle protein D1 (Tian
et al,, 2020). Jang et al. demonstrated that the heat treatment
products GRg2, GRg6, and GF4 of ginsenoside Re inhibited the
phosphorylation of CDK2 at Thr160 by upregulating p21 levels
leading to an anticancer effect by blocking the AGS cell cycle in
the S phase in gastric cancer cells (Jang et al., 2014).

PND is a polyacetylene compound isolated from ginseng, and
its inhibitory effect of PNN on tumor cell proliferation is
mediated by the impairment of cell cycle protein E mRNA
levels and cell cycle transition from Gl to S-phase arrest
(Yang Q et al, 2020). PNT significantly inhibited cell
proliferation, induced G2/M cell cycle arrest in various tumor
cell lines in a time- and dose-dependent manner, and delayed
DNA synthesis in the human colon cancer cell line SNU-C2A
(Kim et al., 2002). Furthermore, PND inhibited the proliferation
of HepG2 HCC and led to morphological and ultrastructural
changes in HepG2 cells, resembling the more mature hepatocyte
form. PND blocked the transition from G1 to S phase in the
HepG2 HCC cycle. Moreover, it significantly decreased the
the
glutamyltransferase. In addition, PND increased the content of
p21 mRNA levels but decreased Id-1 and Id-2 mRNA levels.
Similarly, PND increased the protein levels of p21, pRb, and

secretion of methemoglobin and activity of  y-

hypophosphorylated pRb in a dose-dependent manner (Guo
et al., 2009).

Soysterol can induce apoptosis in HCC by upregulating the
expression of the proapoptotic gene p53, which is also an
important gene involved in the development of colorectal
cancer and is closely related to the colorectal cancer-related
signaling pathway PI3K/Akt. p53 can play an anti-tumor role
by blocking the G1/GO0 phase of cells and maintaining normal cell
proliferation, which plays an important role in tumor evolution
(Qu L et al, 2021). PB-sitosterol effectively inhibits the
proliferation and cell cycle arrest of AGS in human gastric
cancer cells by activating the p53 signaling pathway and
regulating apoptosis and cell cycle through upregulation of
cleaved caspase-3 and cleaved PARP-induced apoptosis in
gastric cancer AGS cells (Zhong et al.,, 2022).

Wang et al. observed that B-elemene induces cell cycle arrest
in the G2/M phase by regulating the ROS/AMPK/mTOR
pathway (Wang X et al., 2022).

2.3 Induction of apoptosis in tumor cells

Apoptosis is an autonomous and orderly cell death
controlled by genes, which is the results from the co-
regulation of multiple genes. Apoptosis can be activated by a
variety of cellular signals, such as an imbalance in calcium
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homeostasis, oxidative damage, mitochondrial damage, toxins,
growth factors, and hormonal stimulation. Classical apoptotic
mechanisms can be divided into endogenous and exogenous
signaling pathways. Endogenous apoptotic signaling usually
activates the mitochondrial pathway. The exogenous death
receptor pathway begins with the binding of specific death
receptors to their ligands. Important factors mediating
apoptosis include the Bcl2 family, caspases, death receptors
(DRs), (IAPs),
mitochondria-mediated apoptosis regulators.

Several studies have shown that GRh2, GRg3, and GC-K can
induce apoptosis and inhibit tumor progression by upregulating

inhibitory  apoptotic  proteins and

pro-apoptotic genes. Liu et al. observed that GRh2 induced cycle
arrest and apoptosis in drug-resistant colorectal cancer cells
(LoVo/5-FU and HCT-8/5-FU) (Liu T et al, 2018). Zhang
et al. observed that GRh2 induced apoptosis by activating the
p53 pathway, upregulating Bax expression, decreasing
Bcl2 expression, and inducing apoptosis in HCT116 and
SW480 colorectal cancer cells (Zhang H et al, 2022). In
pancreatic cancer cells, GRh2 also induces apoptosis in Bxpc-3
cells by upregulating Bax, caspase-3, and caspase-9, and
downregulating Bcl-2, survivin, cyclin D1, MMP-2, and
MMP-9 (Li et al, 2021a). Qian et al. observed that GRh2, by
upregulating Bax and downregulating Bcl-2, induced apoptosis
in gastric cancer cells SGC-7901 cells (Qian et al., 2016).

In hepatocellular carcinoma, Zhang et al. observed that
GRh2 significantly increased apoptosis in HePG2 cells, which
was associated with increased expression levels of caspase-3,
caspase-6 and poly ADP-ribose polymerase proteins (Phi
et al,, 2019). Hu et al. observed that GRg3 induced apoptosis,
initialized tumor apoptosis progression, and prolonged in situ
HCC cell Hep1-6 model survival (Hu S et al., 2019). Helicobacter
pylori cytotoxin-associated antigen A plays an important role in
gastric cancer development. Rockwell glycosylation plays an
important role in cancer Dbiology and  rockwell
glycosyltransferase IV (FUT4) is an essential enzyme that
catalyzes the synthesis of Lewy’s oligosaccharides and is
regulated by the specificity protein 1 (SP1) and heat shock
factor protein 1 (HSF1) transcription factors. Aziz et al., in
their study, observed that GRg3 was significantly induced in
the apoptosis of SGC-7901 cells; GRg3 significantly increased the
expression of proapoptotic proteins and triggered the activation
of caspase-3, caspase-8, caspase-9, and PARP; subsequently, it
inhibited the development of gastric cancer by upregulating
SP1 downregulating ~ HSF1 suppressing
FUT4 expression (Aziz et al, 2016). GRg3 also upregulated
PTEN and P53 expression by regulating the PTEN/B-PI3K/

AKT pathway, down-regulating p-pi3k and AKT expression,

and and

promoting apoptosis (Yang L et al., 2020). The sodium++/
H++ exchanger 1 (NHE1) plays a crucial role in the
development and progression of HCC and is a promising
target for HCC treatment. Previous studies have shown that
EGF significantly upregulates NHE1 expression and increases
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ERK1/2 and HIF-la expression. Li et al. observed that after
GRg3 treatment, NHE1 expression could be reduced by the
overall inhibition of the EGF-EGFR-er k1/2-HIF-1 signaling
axis, promoting apoptosis and, thus, inhibiting the malignant
progression of HCC (Li et al., 2018).

In colorectal cancer cells, GRg3 can induce apoptosis in the
colon cancer cell line HT-29 by activating the AMP-activated
proteinase signaling pathway (Liu Z et al, 2021); GRg3(s)
induces apoptosis in cancer stem cells by activating the
caspase-3 and, caspase-9 pathways (Han et al, 2012); Lee
et al. observed that GRg3 significantly inhibited NF-KB
activity, activated caspase-3, and promoted the release of
nitric oxide from the vascular endothelium in colon cancer
cell lines, thereby inducing apoptosis in colon cancer cells
(Lee et al, 2009). Zhang et al. investigated the effect of
GRg3 on gallbladder cancer and showed that ginsenoside
GRg3 induces apoptosis in gallbladder cancer cells by
activating the p53 pathway (Zhang X et al., 2015).

C-K, a major intestinal microbial metabolite of Rbl,
induces apoptosis in many cancer cells and has strong
chemopreventive potential. Wang et al. confirmed the
interaction between membrane-linked proteins A2 and C-K
using molecular docking and thermal displacement assays.
C-K blocked the interaction between membrane-linked
protein A2 and the NF-kB p50 subunit and its nuclear co-
localization, inhibited NF-kB activation, upregulated caspase-
9 and caspase-3 expressions, and promoted apoptosis (Wang
X et al, 2019). Liu et al. observed that C-K upregulates p21, a
downstream target of RUNX3, arrests the cell cycle in the GO/
G1 phase, and induces apoptosis (Liu G et al, 2022).
Reportedly, C-K induced apoptosis by inhibiting caspase
and p53-dependent LGR5 expression in HCT116 colorectal
cells (Pak et al.,, 2020) and blocking HT-29 colorectal cells
from entering the G1 phase, and C-K showed significant anti-
inflammatory effects even at low concentrations (Yao et al.,
2018).

Carbohydrate metabolism is the main mechanism through
which organisms obtain energy. The anaerobic oxidation of sugar
is known as glycolysis and is one of the main pathways for the
oxidative breakdown of sugars. Generally, tumor cells undergo
metabolic changes differently from normal cells—they can adapt
to the altered metabolic environment and promote tumor
progression by switching between glycolysis and oxidative
phosphorylation. Shin et al. observed that C-K could promote
tumor progression by inhibiting glycolysis and AKT/mTOR/
c-Myec signaling and its downstream factors, hexokinase 2 and
pyruvate kinase isozyme M2, inducing apoptosis in HepG2 and
Huh7 HCC cells (Shin et al., 2021). Zhang et al. observed that
C-K inhibited the growth and colony formation of hepatoma
cells HepG2 and SMMC-7721 by downregulating p-STAT3 level,
reducing the DNA binding ability of STAT3, and inducing
endoplasmic reticulum stress (ERS) and apoptosis (Zhang
et al.,, 2018).
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Other active components of GS can also induce apoptosi; for
GRh3
SW1116 cells by upregulating the level of caspase3 expression

example, induces apoptosis in colorectal cancer
(Cong et al., 2020). In gastric cancer, Tian et al. observed that GS-
Rd promoted the pro-apoptotic process in gastric cancer cells
SGC-7901 and MKN-45 by increasing the expression of caspase-
3, caspase-9, and the Bax/Bcl-2 ratio and inducing cell cycle
arrest by downregulating cell cycle protein D1 (Tian et al., 2020).
Ginsenoside F2 (GF2), a pro-ginsenoside diol-type saponin,
inhibits various tumor cells. It inhibits the development of the
human gastric cancer cells line SGC7901 by regulating the
ribosomal protein-p53 signaling pathway and the Bcl-xl/
Beclin-1 pathway (Mao et al.,, 2016), In addition, GF2 can also
induce the apoptosis of gastric cancer cell SGC-7901 by causing
the accumulation of ROS and activating the ASK-1/JNK
signaling pathway (Mao et al,, 2016). Lu et al. observed that
Rk1 could inhibit the progression of HepG2 HCC by inhibiting
the ERK/c-Myc pathway, downregulating the expression of
glutaminase GLSI, reducing the production of glutathione
GSH, stimulating ROS accumulation, and inducing apoptosis
(Lu et al.,, 2022). The MAPK pathway to induces apoptosis in
SGC-7901 and BGC-823 human gastric cancers (Liu and Fan,
2019). GRg5, in combination with Rkl, can also regulate the
MAPK/NF-«xB pathway, target apoptotic and anti-apoptotic
genes, promote the endogenous apoptotic pathway, and
induce apoptosis in HCC cells MHCC-97H (Chen C et al., 2021).

In addition, one study reported that ginseng diol induced
apoptosis in the pancreatic cancer cell lines PANC-1 and
Patu8988 through the JAK2/STAT3

limiting the progression of pancreatic cancer (Fan et al,

signaling pathway,

2021). Ding et al. observed that Sijunzi tang, with GS as one
of the main components, downregulates the expression of
VEGFA, iNOS, COX-2 and Bax/Bcl2, regulates the PI3K/AKT
pathway, and induces apoptosis to treat gastric cancer cells
NUGC-4 (Ding et al.,, 2022). (24r)-Ginsenoside HQ (R-PHQ)
and (24s)-Ginsenoside HQ (S-PHQ) are the main metabolites of
(20s)-Ginsenoside Rhz (GRh2) in vivo. Qi et al. observed that the
combination of GRhz, R-PHQ, and S-PHQ significantly
increased the expression of Bax and inhibited Bcl-2 to induce
apoptosis in HCC H22 cells (Qi et al., 2019).

ROS-mediated apoptotic pathway plays an important role in
the cell death process. ROS at higher ROS levels can lead to
cellular senescence or death. Ginsenoside epoxynol induces
apoptosis by increasing intracellular calcium levels, activating
JNK and p38 MAPK and NADPH oxidase-dependent ROS
production (Kim et al, 2011), and activating EGFR, the
CAMKII-TAK1-p38/JNK pathway and ERS (Kim et al., 2016).
Soysterol induces apoptosis in the human HCC cells line SMMC-
7721 by ROS oxidation, a cascade reaction that increases calcium
ion concentration and blocks the S and G2/M phases of the cell
cycle (Li et al, 2012). Ditty et al. observed that B-sitosterol
induces ROS accumulation in human HCC HepG2 cells
through an endogenous pathway, leading to membrane
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damage and mitochondrial toxicity, inducing cytochrome C
release from the mitochondria, and enhancing the protein
expression of caspase-3 and cleaved caspase-3 (Ditty and
2021). (DHCA,
commonly known as caffeic acid), a cinnamic acid derivative,

Ezhilarasan, Dihydroxy cinnamic acid
decreases HDAC activity, induces caspase-3 mediated apoptosis
by generating ROS, blocking cells in the S and G2/M phases to
induce cancer cell death, abd inhibiting apoptosis in colon cancer
cells (Anantharaju et al, 2017). The thioredoxin-thioredoxin
reductase (Trx/TrxR) system plays a key role in cancer and is
a novel drug target for regulating cancer cell stress. Trx1 and
TrxR1 expression is enhanced in many cancer cells to control
ROS homeostasis, promote cell growth, and foster resistance to
apoptosis (Shen et al,, 2019). B-sitosterol limits the protein
expression of Trx/TrxR1, which triggers the accumulation and
activation of ROS during apoptotic cell death (Rajavel et al,
2018).

In human colon cancer cells HT116, p-sitosterol reduced the
expression of Bcl-2 and inhibited the apoptosis of protein-1
(cIAP1) while inducing the activation of BAX and cytochrome
C. It also reduced tumor size in a dose-dependent manner and
induced apoptosis in HCT116 colorectal cancer cells both in vitro
and in vivo through the EGFR/Akt pathway (Kawk et al., 2021).
B-sitosterol also induces apoptosis through a cystathionine-
dependent pathway (Raj et al., 2022). Wang et al. compared
two ginseng berry polysaccharide preparations and observed that
GPS had a significant inhibitory effect on inflammation-
associated colon cancer, inhibiting T-cell differentiation and
promoting apoptosis (Wang C et al., 2020).

Tang et al. observed that stigmasterol could effectively inhibit
the proliferation of gastric cancer cells MGC-803 in a dos-
dependment manner and also induced apoptosis in gastric
cancer MGC-803 cells by regulating the apoptotic signaling
pathway, activating caspase3 and caspase9, upregulating Fas
and Bax gene expression, and downregulating Bcl-2 protein
(Tang, 2021). The inhibition of SMMC-7721 in HCC cells
in vitro is dose- and time-dependent and can significantly
downregulate several oncogenes such as fos, myc, and ras and
upregulate the expression of oncogenes represented by NF-2 and
the phosphokinase Map2ké (Zhang et al., 2007). Kim YS et al.
demonstrated (Kim et al., 2014) that dousterol can induce
apoptosis in HepG2 cells by upregulating pro-apoptotic gene
expression (Bax protein and p53 gene), downregulating anti-
apoptotic gene Bcl-2 expression, activating pro-apoptotic
caspase-8, caspase-9 protein expression, and by damaging
cellular DNA, and can be used as a potential anti-cancer drug
for liver cancer treatment. NDEYet et al. observed that dousterol
upregulated p27 expression and downregulated jabl in human
gallbladder cancer cells, thereby regulating the mitochondrial
apoptotic signaling pathway, activating caspase-3, and inducing
apoptosis (Pandey et al, 2019). Soysterol can also induce
apoptosis and protective autophagy in gastric cancer cells by
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inhibiting the Akt/mTOR pathway (Zhao et al., 2021) and may be
a potential anticancer drug for the treatment of gastric cancer.

Alkaloid-cinnamic acid hybrids exhibited potent effects on
all three human tumor cell lines (HeLa, HepG2, and A549),
induced apoptosis in HepG2 cell lines, altered mitochondrial
membrane potential, and produced ROS, leading to apoptosis in
HepG2 cells (Shang et al., 2020). These compounds could be
promising lead compounds for further development as
antitumor agents through structural modifications.

Wang et al. observed that B-eugenol induced apoptosis by
regulating the ROS/AMPK/mTOR pathway and upregulating the
expression of the proapoptotic genes caspase-3, caspase-9, and
PARP protein (Wang G et al., 2022). Bomfim et al. observed that
B-eucalyptol induced caspase-mediated apoptosis in human
HCC HepG2 cells, decreased cell proliferation and induced
tumor cell death (Bomfim et al, 2013). Cholangiocarcinoma
(CCA), an epithelial malignancy of the bile ducts, is a aggressive
with a poor prognosis and unsatisfactory response to
chemotherapy with acquired drug resistance. nAD(P)H-
quinone oxidoreductase 1 (NQOI1) is an antioxidant and
detoxifying enzyme that plays an important role in drug
resistance and the proliferation of several cancer cells.
Srijiwangsa et al. observed that [-eucalyptol significantly
inhibited KKU cell proliferation in a concentration-dependent
manner, significantly inhibiting the expression of NQO1 enzyme
activity in KKU-100 cells from activating relevant apoptotic
pathways and promoting apoptosis (Srijiwangsa et al., 2018).

2.4 Enhancement of tumor cell immunity

The tumor microenvironment (TME) is a complex system
that includes tumor cells and multiple interdependent immune
and stromal cell populations such as T, B, natural killer, and
myeloid cells (Hamilton et al., 2022). These immune cells exhibit
a broad immune diversity and play a crucial synergistic role in
tumor control (Laumont et al., 2022). Therefore, it is important
to improve the immune capacity of tumor cells and stimulate
strong and durable anti-tumor immunity.

GRg3 increases the expression of molecules such as HLA-DR,
HLA- ABC, and CD56, promotes the proliferation of splenic
lymphocytes, causes T helper 1 (Th1)/T helper 2 (Th2) and
CD4+/CD8+ cells to drift in the direction of immune
enhances the immune function of
(Zhang et 2004).
experiments showed that serum levels of interleukin (IL)-

enhancement, and

peripheral lymphocytes al,, Animal
2 and In- terferon y (IFN-y) were significantly increased in
HCC H22
stimulated ConA, induced lymphocyte proliferation, and
enhanced immunity (Wu et al, 2014). Also, GRg3 also

increases the activity of NK cells and positively regulates

cell-bearing mice treated with GRg3, and

immune function (Lin et al., 2002).
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NK cells are innate immune cells with potent cytotoxic and
cytokine production capabilities, which play a central role in
cancer immune surveillance (Mylod et al, 2022). 20(R)-
Rg3 increases the expression of NK activation receptors
NKp44, NKp46, NKp30, and NK cell degranulation marker
CD107a through activation of the MAPK/ERK pathway,
thereby enhancing the killing activity of NK cells against
tumor cells (Lee et al, 2022). Xia et al. observed that
GRh2 could regulate immune factors (e.g., IL4, IL6, CD3,
CD45, and INF-y) to enhance splenic immunity and increase
the number of NK cells, which are important in tumor
prevention and treatment (Xia et al, 2020). In addition to
digestive ~ system  tumors, in MCF7  breast cells,
GRh2 downregulates CASP1, INSL5, and ORS52A1 and
upregulates the expression of CLINTI, ST3GAL4, and
Clorfl98, induces an immune response and epigenetic
methylation changes in tumors, enhances immunogenicity,
and inhibits the growth of cancer cells (Lee et al., 2018).

Li et al. observed that GFP1 could inhibit tumor growth and
lung metastasis in vivo by activating immune function,
increasing the relative weights of the spleen and thymus,
promoting splenic lymphocyte proliferation, and increasing
splenic NK cell activity (Lee et al., 2019). Li et al. observed
that GPS modulates the TME by stimulating immune cells (Li
et al,, 2021b). Li et al. observed that polysaccharides prolonged
the survival of HCC H22-bearing mice and that the use of GPS
enhanced the host defense response against tumors (Li et al.,
2016b). In addition, GPS enhances macrophage and dendritic
cell activity and phagocytosis and promotes cell maturation
(Zhang X. Y. et al., 2017).

The Nrf2 signaling pathway is a classical anti-oxidative
stress-related pathway that upregulates antioxidant defense
mechanisms. p-sitosterol significantly reduces intracellular
ROS levels, affects the Nrf2 pathway and acts as an
antioxidant, which is beneficial in the treatment of cancer and
complications caused by oxidative stress (Gangwar et al.,, 2021).
the of
protected lung parenchyma, and

B-sitosterol  significantly  hindered expansion
transplantable tumors,
increased splenocyte proliferation and cytotoxic t lymphocyte
activity in tumor-bearing mice, and enhanced host macrophage
lysosomal activity, and antioxidant cellular activity, and
inhibition of lipid peroxidation. The antitumor effect of {-
sitosterol is related to its
(Boubaker et al., 2018).
B-sitosterol (CN3) blocks the secretion of Th2 cytokines (IL-
4 and IL-10). However, there was no effect on the secretion of
Thl cytokines (IL-2 and IFN-y), suggesting that B-sitosterol

treatment selectively inhibited Th2 activity and promoted

immunomodulatory activity

Thl bias. CN3 was also found to significantly decreased the
proliferation of T helper cells (CD4CD25) and cytotoxic T cells
(CD8CD25) after ConA-induced T-cell activation (Le et al.,
2017). P-sitosterol has immunomodulatory effects and has
potential for development as an immunotherapeutic agent.
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with  defined
immunomodulatory properties that attenuate the innate and
(Antwi et 2018),
potential anti-inflammatory effects, and can inhibit pro-

Soysterols ~ are  natural  sterols

adaptive immune responses al., have
inflammatory and matrix degradation mediators (Liang et al.,
2020). In addition, Sabeva et al. reported that soysterols stimulate
in the
accompanied by the secretion of IL-2 and IFN-y by Thl cells,

lymphocyte proliferation blood. Proliferation is
which enhances the lysis of NK cells and produces an immune

response (Sabeva et al.,, 2011).

2.5 Inhibition of tumor invasion and
metastasis

Invasion and migration of tumor cells are malignant
behavior of tumor cells; invasion refers to the invasion or
occupation of malignant tumors from the primary or
secondary tumors to adjacent host tissues; metastasis refers to
a recurrent multistep process in which the primary tumor
spreads to distant organs. Tumor cells leave the primary
tumor to invade the surrounding tissues, enter the blood or
lymphatic vessels, and are transported to distant sites to
recolonize in a new organ environment (Cuypers et al., 2022).
Tumor metastasis is an important cause of cancer treatment
failure and recurrence (Ishay-Ronen et al., 2019).

2.5.1 Angiogenesis

Angiogenesis plays an important role in the growth and
metastasis of tumors by providing essential nutrients and oxygen
(Riabov et al,, 2014). It has been shown that GRh2 inhibits
angiogenesis by reducing the expression of JAM, CD31, vascular
endothelial growth factor (VEGE), platelet-derived growth
factor, and CNNMI1 in cancer cells, thereby inhibiting tumor
growth (Huang et al., 2019). (20S)-GRh2 inhibited tumor cell
growth and peripheral angiogenesis by targeting membrane-
linked protein A2 to inhibit STAT3/VEGF signaling (Wang B
et al., 2021). GRg3 inhibits VEGF-induced angiogenesis through
the PI3K/Akt pathway and its downstream signaling molecules in
HCC cells (Hu Q et al., 2019) and endometrial carcinoma (Cao
et al, 2017) and regulates the expression of downstream
regulators p70S6K and HIF-la (Zhang X. et al, 2017). In
addition, GRg3 inhibits pancreatic cancer angiogenesis by
downregulating VE-cadherin/Eph a2/MMP9/
MMP2 expression (Liu Y et al, 2021). Nakhjavani M et al.
observed that HCC treatment with GRg3 combined with
inhibited
angiogenesis, slowed tumor progression, and significantly

arterial embolization  significantly tumor
reduced the rate of tumor metastasis (Nakhjavani et al., 2020).

Kangsamaksin et al. observed that soysterols significantly
reduced tumor necrosis factor-a (TNF-a) transcript levels
in vitro and disrupted tumor angiogenesis, and inhibited the

growth of CCA xenografts in vivo (Kangsamaksin et al.,, 2017).
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Soysterols also stimulate cell death and inhibit cell migration and
angiogenesis by activating the
mitochondrial axis (Bae et al., 2020).

endoplasmic  reticulum-

2.5.2 Epithelial-mesenchymal transition

Activation of epithelial-mesenchymal transition (EMT) is a
key process in cancer cell metastasis, in which epithelial cells
acquire mesenchymal cell characteristics, such as deficiency of
epithelial cell markers (e.g., cytokeratins and E-cadherin) and
upregulation of mesenchymal cell markers (e.g., N-cadherin,
vimentin, and fibronectin) are upregulated (Banyard and
Bielenberg, 2015). In addition, EMT leads to the loss of apical
cell polarity in epithelial cells, reorganization of the cytoskeleton,
and reprogramming of gene expression, thereby promoting an
aggressive phenotype in cancer metastasis (Lamouille et al,
2014).

20(S)-GRh2 (SGRh2) up-regulates E-cadherin and down-
regulates N-cadherin, vimentin, and EMT transcription factors
(such as Smad-3, Snail-1, and Twist-1) and downregulates matrix
metalloproteinases (MMP-2 and MMP-9), thereby inhibiting the
metastasis of colorectal cancer (Yuan et al., 2020). PPD inhibited
the expression of epithelial mesenchymal transformation
markers in HepG2 and PLC/PRF/5 hepatocytes in a dose-
dependent manner, increased the expression of E-cadherin,
and decreased the expression of waveform proteins (Yang P
etal, 2019). GRb2 significantly reduced the number of metastatic
nodules in the liver, lungs, and kidneys of metastatic mice by
downregulating the expression of stemness and EMT-related
genes through the EGFR/SOX2 signaling axis (Phi et al.,, 2018).

Matrix metalloproteinases, which degrade most of the ECM
and basement membrane protein components, are important
molecules in a complex system that regulate tumor invasion and
metastasis as well as proliferation, differentiation and cell death
(Conlon and Murray, 2019). GRg5 inhibits the migration of
MNK-45 cells by reducing MMP2 and MMP9 (Zhao et al., 2020).
GRh2 inhibits the migratory ability of HepG2 HCC cells by
recruiting HDAC, suppressing AP-1 transcription factors, and
reducing MMP3 expression levels (Zhang K et al., 2019).

As tumor cells continue to multiply, the original oxygen or
and this
environment drives tumor cells to upregulate growth factors

nutrient supply becomes inadequate, hypoxic
and chemokines, thereby promoting tumor cell metastasis
(Banyard and Bielenberg, 2015). GC-K impairs the metastatic
potential of HCC cell lines under hypoxic conditions and inhibits
hypoxia-induced or TNF-a-stimulated expression of the HIF-1a/
NF-«B signaling pathway and as well as EMT markers in HCC
cells (Zhang F et al., 2021). GRg3 inhibits the expression of HIF-
la and VEGF in the human gastric cancer cells line BGC823 and
may affect the peritoneal implantation of gastric cancer
metastasis by suppressing their expression (Li and Qu, 2019).
In pancreatic cancer metastasis, 20(S)-GRh2 effectively
inhibited IL-6-induced signaling and STAT3 phosphorylation,

MMP-1, -2, and -9 expression, suppressed migration and
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invasion of pancreatic cancer Bxpc3 cells (Li et al, 2021a),

prevented degradation of the extracellular matrix and
basement membrane, and inhibited EMT progression (Han
et al,, 2016). GRh2 also inhibited human pancreatic cancer
cell Bxpc-3 migration by downregulating MMP-2 and MMP-9
(Li et al., 2021b).

ARHGAP9 belongs to the Rho GTPase family and regulates
cell migration during cancer progression by promoting GTP

hydrolysis through various downstream signaling pathways to

inactivate  small ~GTPases (Amin et al, 2016).
ARHGAPY knockdown enhanced tumor migration and
invasion. GRg3 effectively inhibited the migration and

invasion of HCC cells HepG2 and MHCC-97L and tumor
growth in BABL/c nude mice by upregulating the protein
expression of ARHGAP9 (Sun et al, 2019). In addition,
ginsenosides regulate various signaling pathways, such as
Notch-Hesl and TGF-$/Smad2/3, to inhibit EMT in tumor
cells (Zhao et al., 2020).

2.5.3 Extracellular matrix

Neurociliary protein-1 (NRP1) is highly expressed in
progressive gastric cancer and is associated with a poor
prognosis. NRP1 interacts with fibrillin-1 (FN1) to promote
the malignant progression of gastric cancer cells by affecting
through ECM remodeling.
GRg3 downregulates NRP1 expression, blocks the interaction

cell survival and migration
between NRP1 and FN1, and inhibits the malignant progression

of gastric cancer MGC-803/MKN-28 (Wu et al., 2020).

2.5.4 Cancer stem cells

Cancer stem cells are a major driver of recurrence in many
cancers (Phi et al,, 2019). 20(R)-GRg3 inhibits the tumor stem
cell properties of HT29 and SW620 colorectal cancer cells
the SNAIL the
expression of stemness genes and EMT markers in CRC cells

through signaling axis, downregulates
and suppresses motility and EMT in colorectal cancer (CRC)
cells (Phi et al., 2019). C-K effectively inhibits the proliferation
and migration of mesenchymal stem cells to CCA cells,
suppressed, Wnt/B-catenin signaling pathway activation, and

inhibits the metastatic growth of CCA cells (Wang et al., 2015).

2.6 Tumor cell autophagy

Autophagy is a catabolic process that degrades cytoplasmic
components and organelles in the lysosomes. There is growing
evidence that autophagic signaling is closely related to oncogenic
signaling. Selective targeting of autophagy for cancer treatment
has attracted considerable attention (Ryan, 2011). Thus,
autophagy may be an effective way to prevent tumor
formation and progression (Mizushima et al, 2008).
GRh2  promotes cellular autophagy by upregulating
autophagy-related genes ATG5, ATG7, LC3B, beclinl, and the
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LC3II to LC3I ratio (Liu et al., 2015), and by inhibiting the PI3K/
AKT/mTOR pathway (Zhuang et al.,, 2018; Li et al., 2019). Liu
et al. observed that ginsenoside Rg5 induces autophagic processes
in SGC-7901 and BGC-823 human gastric cancers by regulating
the ROS-mediated MAPK pathway (Liu and Fan, 2019). Wang
et al. observed that B-elemene induces a cellular autophagic
response  through the upregulation of LC3B
SQSTML1 expression (Guo et al.,, 2022).

and

2.7 Intestinal flora

The diversity of the intestinal bacterial community is closely
related to human health, and intestinal microbes perform various
physiological and biochemical functions. There is growing
evidence that the gut microbiota plays a key role in the
metabolism of nutrients and drugs, the absorption of dietary
fats, and the regulation of immunity, physiology, metabolism,
and health maintenance. In addition, gut microbes can affect
multiple tissues and organs, and specific changes in the
composition of the gut microbiota have been associated with
various diseases; therefore, the gut microbiota is considered a
potential target for the prevention and treatment of various
diseases (Huang G et al., 2017).

Previous studies have shown that GS and GPS can be used to
modulate the structure of the gut microbiome to treat various
diseases. Chen et al. observed that Rk3 repaired intestinal barrier
dysfunction by increasing the expression of tight junction
proteins and reducing colonic inflammatory cytokine levels,
oxidative stress, and macrophage infiltration. Rk3 effectively
improves intestinal flora metabolic dysregulation by inhibiting
the TLR4/NF-«B signaling pathway (Chen H et al., 2021). Huang
et al. observed that Rb3/Rd improves intestinal epithelial cells by
restoring the expression of E-cadherin and N-cadherin. By
increasing anti-inflammatory cytokines and decreasing pro-
inflammatory cytokines, the mucosal immune structure was
remodeled and mucosal immunity was improved. In addition,
Rb3/Rd significantly reduced the abundance of cancer cachexia-
associated bacteria, such as Dysgonomonas sp. and Helicobacter
sp., thus the
microenvironment to exert anti-cancer effects [159]. Oral GPS

restoring intestinal flora and intestinal
combined with anti-PD-1-mAb can improve the therapeutic
sensitivity of anti-PD-1-mAb in non-small-cell lung cancer
(NSCLC) patients. This effect may be related to GPS-induced
remodeling of the intestinal flora structure in chemotherapy non-
responders, which leading to an increased abundance of
metabolites such as short-chain fatty acids (scfa), along with
the of IDO Thus, the

immunosuppressive TME associated with NSCLC is altered,

down-regulation activity.
allowing for increased sensitivity to immunotherapy induced
by GPS administration (Li et al., 2021a).

Sitosterol maintains a diverse microbial environment,
resulting in beneficial metabolites, including those that
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promote apoptosis in tumor cells. Sitosterol decreases PI3K/
Akt expression in colon cancer tissues, promotes Bad
Bcl-x1
cytochrome C release, leading to caspase-9 and caspase-3

activation, decreases expression, and enhances
activation, PARP cleavage, and apoptosis. Moreover, the
diversity of microbiota, particularly the phylum Bacteroides
and the thick-walled phylum, was significantly reduced in the
intestines of colon cancer-bearing mice, and sitosterol treatment
reversed these changes. Sitosterol treatment increases SCFA
levels in mouse fecal samples, leading to apoptosis of cancer

cells in vitro (Ma H et al,, 2019).

2.8 Epigenetic regulation

Epigenetic modifications in the host genome are critical for
the adaptation of organisms to extreme conditions. DNA
methylation, covalent modification of histones and
interlinking of non-coding RNAs contribute to the cellular
expression of epigenetic changes in the genome. Among the
various factors involved in host epigenetic programming, non-
coding RNAs (ncRNAs) such as microRNAs (miRNAs), long-
stranded non-coding RNAs (IncRNAs), and cyclic RNAs, affect a
various cellular processes, such as tumor immunity and cell
differentiation (Roy et al., 2022).

GC-K significantly inhibits the growth of colorectal cancer
cells by inhibiting the DNA expression and activity of
of the

RUNX3 promoter in HT-29 human colorectal cancer cells,

methyltransferase 1, inducing demethylation
causing RUNX3 mRNA and protein re-expression and
localization in the nucleus (Salehi et al., 2020). GRg3 reduces
the expression of p-AKT, p-pi3K, MMP2, and MMP9Y, decreases
IncRNA HOTAIR expression, and inhibits the proliferation and
invasion of SMMC-7721 and SK-Hep-1 HCC cells by regulating
the PI3k/AKT pathway (Pu et al., 2021). GRg3 also inhibited the
migration and invasion of colorectal adenocarcinoma Caco-2
cells by suppressing the expression of IncRNA CCAT1 (Li and
Q4i, 2019). IncRNAs HOTAIR, SP1, and PDK1 exhibit oncogenic
effects in many tumors and are involved in cancer development
and progression by mediating multiple signaling pathways. Wu
et al. observed that B-elemene inhibits HCC cell proliferation by
regulating IncRNA HOTAIR, SP1, PDK1, and their interactions
(Wu J et al, 2022).

miRNA expression is essential for the regulation of complex
genetic networks and cellular signaling cascades. In disease states,
miRNAs can alter protein expression to play a central role in
pathological cellular changes (Subramanian and Steer, 2019).
Single miRNAs can direct entire cellular pathways and regulate a
broad spectrum of targets (Gebert and Macrae, 2019). Thus,
targeting miRNAs can regulate complex disease networks and
interfere with most molecular pathological mechanisms (Diener
et al., 2022). GRh2 increases the expression of miR-200b-5p,
miR-224-3p, and miR-146a-5p and decreases the expression of
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miR-26b-3p and miR-29a-5p, effectively inhibiting the survival
of HepG2 cells, promoting apoptosis, and suppressing colony
formation in HCC cells (Chen et al., 2018). 20(S)-Rg3 mediates
miR-532-3p/miR-324-5p to suppress PMK2 expression (Zhou
et al., 2018; Cheng and Xing, 2019) and inhibits cell viability and
the cell cycle in esophageal squamous cell carcinoma by
regulating miR-324-5p-targeted PSME3, thereby promoting
apoptosis (Jiang et al, 2021). Deng et al. observed that p-
elemene inhibited lung metastasis (Deng X et al., 2020) and
peritoneal metastasis (Deng et al., 2019) in gastric cancer cells
SGC7901/ADR by regulating the miR-1323/Cbl-b/EGFR and
FAK/Claudin-1 signaling pathways.

2.9 Derivatives

Pseudoginsenoside Rh2 (pseudo-G-Rh2) is a novel
GRh2 derivative with proapoptotic effects in various
malignancies. For example, pseudo-G-Rh2 significantly

increased the expression of pro-apoptotic genes, increased the
accumulation of autophagosomes and autolysosomes in
HepG2 HCC cells, activated AMPK, and inhibited the PI3K/
Akt/mTOR pathway in a concentration-dependent manner
(Zhang ] et al, 2021). Similarly, GRg3 and ursolic acid co-
loaded liposomal UA + Rg3-LIP significantly reduced cell
viability, promoted apoptosis, increased the ratio of GO/
G1 phase cells, and slowed the in vitro drug release ability of
HCC cells (Wang C et al., 2021).

In the context of gastric cancer context, 4-XL-PPD, a novel
ginsenoside derivative, inhibits the viability of BGC-803 gastric
cancer cells and produces ROS to inhibit migration and invasion-
associated proteins (MMP-2, MMP-9, E-calmodulin, and CD34)
and induce apoptosis (Wang Y et al, 2019). The ginsenoside
metabolite M1 at a concentration of 100 pg/ml, was highly
cytotoxic to MGC80-3 human gastric cancer cells (Li et al,
2013). 2-Pyrazine-PPD induces apoptosis in BGC-803 gastric
cancer cells by activating the PERK/eIF-2a/ATF4 axis through
the mitochondrial pathway and upregulating C/EBP-CHOP
and ERS, thus
anticancer activity (De Wang et al, 2020). Ginsenoside

expression levels exhibiting significant
derivative 6d induced apoptosis in HCT-116 colon cancer
cells by regulating the MEK/ERK signaling and mitochondrial
pathways, significantly upregulating the expression of Cyt-c and
Cl-caspase-3/9/PARP, regulating the expression levels of p53,

p21, cyclin B1, and CDK1, and inducing G2/M phase block (Ma

et al.,, 2021).
The ginsenoside derivative Rh2-O has elevated
immunomodulatory effects, enhancing the proliferative

capacity and cytotoxicity of splenic lymphocytes through
TLR4 and limiting cytokine secretion (e.g., IFN-y, IL-2, and
IL-4) in splenic lymphocytes (Wu et al, 2021). Among the
13 synthetic number

ginseng diol PD  derivatives,

3.12.13 showed significant inhibitory effects on the human
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liver cancer cell line, HepG-2, and human colon cancer cell
line, HCT-116, and both showed low or no toxic effects on
normal cells (Xiao et al., 2020), These derivatives can be used to
develop new antiproliferative agents.

3 Combined use and reversal of drug
resistance

Chemotherapy, as one of the main treatments for GI
tumors, has remarkable therapeutic effects. As the number
of chemotherapy cycles continues to increase, tumor cells
become less sensitive to chemotherapeutic agents and
develop chemoresistance, leading to tumor recurrence and
metastasis. Ginseng is often used in combination with
chemotherapeutic drugs to promote the effectiveness of
chemotherapy and reduce toxicity. The risk of cancer
recurrence was 50% lower in patients taking ginseng than
in those who did not (Xu et al., 2021). Moreover, ginseng and
its active ingredients combined with chemotherapy can
enhance the effects of chemotherapy and reduce toxic side
effects, which can significantly improve the survival rate and
prolong the survival period of patients.

In colorectal cancer cells, Liu et al. (Liu G et al, 2018)
observed that GRh2 downregulated the expression of drug-
resistant genes such as multidrug resistance-associated protein
1 (MRP1), multiple drug resistance (MDR1), lung-resistance-
related protein (LRP) and Glutathione S-transferase (GST),
enhanced the cytotoxicity of 5-FU against drug-resistant
colorectal cancer cells (LoVo/5-FU and HCT-8/5-FU), and
effectively reversed 5-FU resistance of CRC cells. Furthermore,
GRh2 reverses oxaliplatin resistance in colon cancer cells (Ma |
et al,, 2019) and adriamycin resistance in breast cancer MCF-7
cells by reducing the expression of P-glycoprotein (Zhao et al.,
2018). The combination of GRh2 and L-OHP reversed
oxaliplatin resistance in LoVo/L-OHP colon cancer cells by
down-regulating the expression of P-gp and Bcl-2, and up-
regulating the expression levels of Smad4, Bax, and caspase-3,
and regulating the expression of drug resistance genes (Ma H
etal,, 2019). 20(S)-Rh2 is a secondary saponin of the ginseng diol
group with enhanced anticancer activity. Han et al. demonstrated
that a combination of adriamycin and 20(S)-Rh2 enhanced
anticancer sensitivity and reduced resistance to adriamycin
treatment in CRC cells (Han et al., 2016).

N6-methyladenosine (m6A) RNA methylation is commonly
dysregulated in cancer, resulting in anticancer resistance.
IGF2BP3 is a specific receptor for m6A in colon cancer, and
IGF2BP3 promotes DNA
contributing to cancer development. Paramasivam et al.
observed that GRh2 reduces m6A RNA methylation in cancer
through a KIF26B-SRF positive feedback loop and inhibits m6A
autophagy-mediated anticancer drug resistance (Paramasivam
and Priyadharsini, 2021).

replication and angiogenesis,
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The activation of P-gp as a classical mechanism of
chemotherapy resistance has been associated with resistance
to several chemotherapeutic agents, such as anthracyclines,
vincristine, and paclitaxel (PTX) (Wu K et al,, 2022). GRg3 is
a P-gp inhibitor that can effectively reverse resistance to
chemotherapy. Xu et al. observed that GRg3 could block drug
efflux by inhibiting P-gp expression, blocking the binding site of
P-gp, inhibiting cell membrane fluidity, and competing with
anticancer drugs to bind to P-gp (Xu et al,, 2021). Reportedly,
GRg3 enhances the cytotoxicity of chemotherapy in gastric
(Wang G et al, 2022) and colon cancers (Hong et al., 2020)
by modulating the PI3K/AKT pathway, promoting apoptosis,
and enhancing the chemosensitivity of both cisplatin and 5-FU,
and reversing the chemoresistance of sorafenib and 5-FU. In
addition, ginsenoside Rg3 can be combined with oxaliplatin for
HCC (Lu et al.,, 2018) and oxaliplatin + 5-FU co-combination for
colorectal cancer (Tang et al., 2018), both of which enhance its
cytotoxicity and sensitivity to chemotherapy.

The oncogene PTEN plays important roles in cell growth,
apoptosis, adhesion, migration, and infiltration. PTEN is an
evaluation indicator for the prognosis of numerous tumors,
and the study of its mechanism of action is important for
tumors diagnosis and gene therapy (Ahmed et al.,, 2022). Lu
et al. observed that sorafenib combined with 20(S)-
Rg3 significantly reduced the viability of human HCC cell
lines HepG2 and Huh7, promoted apoptosis, increased
chemotherapy sensitivity, and reversed chemoresistance by
modulating the PTEN/Akt signaling pathway. GRg3 also
inhibited growth and promoted apoptosis of gemcitabine-
resistant pancreatic cancer cells through upregulation of the
PTEN signaling pathway (Zou et al., 2020).

In addition to GRh2 and GRg3, other active ginsenoside
ingredients also enhance chemotherapy sensitivity and reverse
drug resistance. Zheng et al. observed that ginsenoside Ro
inhibited autophagosome-lysosome fusion through the ESR2-
NCF1-ROS pathway, delayed checkpoint kinase 1 degradation,
downregulated the DNA replication process, enhanced 5-Fu
cytotoxicity, sensitized esophageal cancer cells to 5-FU
chemotherapy, and led to delayed DNA repair and DNA
damage accumulation (Zheng et al., 2016). C-K synergistically
enhances the antitumor effects of 5-FU or adriamycin, induces
apoptosis, and reduces survival genes and cytotoxicity in
HCT116 colorectal cells (Pak et al., 2020). Sirtuin belongs to
the mammalian silent information regulator 1 family, and studies
have shown that overexpression of sirtuin 1 (SIRT1) is associated
with resistance to chemotherapy (Xiong et al., 2017), which may
promote proliferation and drug resistance in HCC cells by
affecting the PI3K pathway and MRP1 expression (Ling et al.,
2017).

ActD increased the expression and activity of SIRT1 in drug-
resistant LS513 colon cancer, OVCARS8-DXR ovarian cancer,
and A549-DXR lung cancer cells. It also increases the activation
of AKT in drug-resistant cells, causing cellular resistance. Yun

Frontiers in Pharmacology

14

10.3389/fphar.2022.1036498

etal. (Yun etal., 2020) observed that Rp1 inhibited ActD-induced
activation of the AKT/SIRT1 pathway and re-sensitized cells to
ActD, reversing chemoresistance. Multidrug resistance to
chemotherapeutic agents remains a major challenge in clinical
cancer treatment. Feng et al. observed that Rg5 significantly
reversed ABCBI-mediated multidrug resistance by increasing
the intracellular accumulation of ABCBI substrates without
altering ABCB1 protein expression. The combination of
Rg5 and docetaxel (TXT) enhanced therapeutic efficacy. They
significantly inhibited the growth of drug-resistant tumors by
inhibiting the AKT/Nrf2 pathway and significantly inhibited the
growth of drug-resistant tumors, confirming that Rg5 combined
with TXT treatment was superior to monotherapy without
increased toxicity (Feng et al., 2020).

Gemcitabine (GEM) is one of the first-line drugs for the
treatment of pancreatic cancer, however, its treatment effect is
not long-lasting due to prolonged drug resistance. The
combination of PNN and GEM inhibits Ki-67 and Bcl-2
PANC-1
decreases tumor cell stemness, inhibits their proliferation, and

protein expression in pancreatic cancer cells,
promotes their apoptosis (Yang L et al, 2019). B-sitosterol
combined with GEM exhibits
activity by regulating apoptosis
epithelial-mesenchymal transition through inhibition of Akt/
GSK-3 signaling (Cao et al., 2020).

[-sitosterol further increased the limitation of cisplatin-and

synergistic anti-pancreatic

cancer and inhibiting

PTX-induced growth of human ovarian cancer cells, exhibiting
synergistic anticancer effects (Bae et al, 2021). [B-sitosterol
reverses oxaliplatin resistance in drug-resistant colorectal
cancer cells by inhibiting the p53-MDM?2 interaction in
colorectal cancer by activating p53, leading to increased
p53 translocation to the nucleus and the NF-xB pathway,
which in turn inhibits the breast cancer resistance protein
(BCRP) (Wang Z et al., 2020).

Cinnamic acid, either as a single agent or in combination
with cisplatin, significantly reduced tumor growth and volume
and increased tumor growth inhibition. Mechanistically,
cinnamic acid induced apoptosis by increasing the Bax/Bcl-
2 ratio and caspase-3 expression (14.3 and 11.6-fold increases,
respectively). Also, cinnamic acid combined with cisplatin
decreased  oxidative stress markers, including lipid
peroxidation and nitric oxide levels and increased levels of
reduced glutathione levels (Almeer et al., 2019).

B-elemene enhances antitumor activity and reverses
chemoresistance to several chemotherapeutic agents. For
example, the combination of B-elemene with 5-FU enhances
the chemotherapeutic effect and reverses the chemoresistance of
5-FU in triple-negative breast cancer (Su et al., 2020) and p53-
deficient colorectal cancer (Zhang S et al., 2020). Li et al. observed
that B-elemene in combination with oxaliplatin, enhanced HCC
sensitivity to oxaliplatin by blocking oxaliplatin-induced
degradation of copper transporter protein 1 (Li X et al., 2016).

In addition, B-elemene can be used in combination with erlotinib
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(Wang J et al,, 2021), PTX (Xiaomeng et al., 2020), cetuximab
(Chen et al., 2020), and gefitinib (Cheng et al., 2018) to enhance
therapeutic effects, reduce drug resistance, and inhibit malignant
tumor progression. Srijiwangsa et al. observed that -eucalyptol
enhanced the chemosensitivity of CCA cells to 5-FU and
adriamycin (Srijiwangsa et al., 2018).

Radiotherapy is also one of the basic tools of oncology
treatment; however, tumor radiation resistance remains a
major treatment obstacle. GRg3 enhances the radiosensitivity
of esophageal (Li et al., 2021b) and colorectal cancers (Liu T et al.,
2018) by downregulating the VEGF, thereby reducing tumor size,
inhibiting tumor growth, and prolonging survival. Nrf2, a key
transcription factor that regulates resistance to oxidative stress,
plays an important role in the induction of antioxidant responses
in the body. Under physiological conditions, Nrf2 maintains
cellular redox homeostasis and exerts anti-inflammatory and
anticancer activities, thereby supporting cell survival. However,
over-activation of Nrf2 also confers multiple advantages to
cancer cells, such as protection from apoptosis and
senescence, promotion of cell growth, and mediation of
resistance to chemotherapy and radiotherapy (Su et al., 2019).
Ashrafizadeh et al. observed that ginsenosides could improve the
antioxidant defense system by inhibiting the Nrf2 signaling
pathway and enhancing the activity of CAT, SOD, GSH, and
GP, thus reducing malondialdehyde and lipid peroxidation
levels, alleviating cellular drug resistance, and exerting
(Ashrafizadeh et al, 2021). GPS also
promote efficacy and reduce adverse effects (Zhu et al,
2021a). GPS treatment significantly induces OS cell death, and
combination therapy with radiotherapy could improve the
therapeutic effect (Zhang E et al., 2017). Bai et al. showed that
B-elemene enhanced the radiosensitivity of gastric cancer cells
SGC7901, MKN45, MKN28, N87, and AGS human gastric

cancer cell lines by inhibiting Pakl activation (Bai et al., 2021).

antitumor effects

GS also plays a significant role in immunotherapy (Li Y et al,,
2022) and targeted therapy (Jiang et al., 2017; Liu J et al,, 2022). Jiang
et al. observed that GRg3 enhances the anti-proliferative activity of
erlotinib in pancreatic cancer cell lines by downregulating the EGFR/
PI3K/AKkt signaling pathway (Jiang et al., 2017).

4 Reduce the complications and
improve the efficacy

Cancer cachexia is a serious disease that causes death in
patients with advanced cancer, and approximately 50-80% of
cancer patients suffer from cancer cachexia. Ginseng extracts
reportedly have significant anticancer and immune-enhancing
effects. GRb1 can ameliorate the symptoms of cancer cachexia by
reducing TNF-a and IL-6 cytokine levels caused by inflammation
in cancer cachectic mice (Lu et al., 2020).

The neuroprotective effects of B-sitosterol are associated with
reduced levels of oxidative stress. Their antioxidant effects are
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attributed to the neutralization of free radicals by providing
electrons directly from their hydroxyl or carboxyl groups
(Zwolak, 2020). The cinnamic acid derivatives, caffeic acid
and ferulic acid, improved the effectiveness of Transcatheter
arterial embolization in the treatment of HCC by blocking lactate
efflux from N1S1 tumor cells (significantly reduced by 90%)
(Wilkins et al., 2017). Pancreatic cancer is one of the most lethal
cancer types. Patients with advanced pancreatic cancer usually
develop peritoneal effusion, which severely affects their quality of
life. Zhu et al. observed that 3-elemene could target and block the
HIF1A/VEGFA pathway, thereby inhibiting the production of
peritoneal effusion in pancreatic cancer (Zhu et al,, 2019).

5 Clinical research

Transcatheter arterial chemoembolization (TACE) is the
standard of care for HCC, however, its role is limited by
multiple complications. Ginsenosides, including GRg3, GRh2,
and GC-K, have been used clinically as adjuvants for TACE in the
treatment of HCC. They also play an important role in enhancing
the efficacy and reducing the adverse effects of HCC. A study
evaluating the efficacy and safety of TACE combined with
ginsenosides for the treatment of HCC included a total of 1,
308 patients with HCC from 18 randomized controlled trials.
This study demonstrated that compared with TACE, the
combination of ginsenosides significantly improved objective
remission rates, disease control, quality of life, and 1-2 years
OS and reduced the risk of adverse events (e.g., nausea, vomiting,
fever, pain, hyperbilirubinemia, anorexia, fatigue, leukopenia,
thrombocytopenia, and myelosuppression), with Rg3 being the
preferred choice for the combination (Zhu et al., 2021b). A case-
control study examining the relationship between dietary
phytosterol intake and colorectal cancer risk in a Chinese
population from July 2010 to June 2016 showed that the
intake of total phytosterols and p-sitosterol was negatively
associated with colorectal cancer risk in a Chinese population
(Huang J et al., 2017). In another randomized double-blind trial,
colorectal cancer patients treated with mFOLFOX-6 (n = 219)
were included to assess the effect of ginseng on CRF. The results
showed that compared to placebo, ginseng resulted in significant
CRF over a 16-week period, particularly “Fatigue right now,”
“Mood,” “Relations with others,” “Walking ability,” and
“Enjoyment of life”. Thus, ginseng can be safely used in
combination with chemotherapy in patients with colorectal
cancer, reducing CRF compared with placebo (Kim et al., 2020).

6 New technologies/new drug
delivery systems

Extracting highly active ingredients from ginseng for the
prevention and treatment of diseases is important for the
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development of modern drugs. However, due to the different
nature of the active ingredients of ginseng, the problem of its
stability, solubility, irritation, and bioavailability must be solved
to expand its clinical application. Moreover, the use of advanced
drug  delivery  technology, carrier technology, and
nanotechnology can effectively address the key problems in
drug delivery.

The clinical treatment of gastric cancer is hampered by the

development of anticancer drug resistance, unfavorable
pharmacokinetics, — off-target  toxicity, and inadequate
intratumoral accumulation of current chemotherapeutic

treatments. The combination of GS and PTX synergistically
inhibits of human gastric cancer cell proliferation. Hong et al.
(Hong et al., 2019) established new ginsenoside-based liposomes
for tumor-targeting therapies. GS acts as a chemotherapeutic
adjuvant in combination with PTX and as a functional
membrane material that promotes blood circulation time and
active targeting ability to successfully deliver and internalize the
drug into GC cells, significantly inhibiting the malignant
progression of gastric cancer BGC-823 cells.

HCC is a highly vascularized, inflammatory, and abnormally
proliferating tumor. Monotherapy is often not effective and
comprehensive enough to inhibit HCC progression. Ren et al.
(Ren et 2020)
GRg3 nanoparticle adduct (NpRg3), by coupling Fe@Fe;0,

al., developed a mnovel nanomedicine,
nanoparticles with ginsenoside Rg3. NpRg3
inhibits HCC development
associated with an imbalance between gut microbiota and
inhibiting HCC
development and pulmonary metastasis. He et al. (He et al,

significantly

and reshapes the network

metabolism  during HCC treatment,
2021) selected GRg3, Ganoderma lucidum polysaccharide, and
oridonin as combination therapies and constructed a new drug
self-microemulsifying drug delivery system (RGO-SMEDDS).
RGO-SMEDDS restores immune function by inhibiting the
production of immunosuppressive cytokines and M2-polarized
macrophages, reduces angiogenesis by downregulating the VEGF
and its receptor, and retards proliferation by inhibiting the
EGFR/AKT/GSK3 signaling pathway.

CRC is a major malignancy characterized by a high
metastasis rate; however, conventional chemotherapy has
many limitations (e.g., side effects on normal organs, short
circulation time, and unsatisfactory tumor suppression effect)
that affect its therapeutic effect. Therefore, it is necessary to
develop approaches to overcome these challenges. Immune
checkpoint blockade therapy is an emerging treatment in the
field of cancer immunotherapy; however, the efficacy of immune
checkpoint inhibitors in nodal CRC remains low due to the
immunosuppressive nature of the TME. Emerging evidence
that
immunogenic cell death (ICD), thus showing great potential

suggests certain  chemotherapeutic agents induce
to reshape the immunosuppressive properties of the TME.
GRg3 plays a potential role as an ICD inducer in CRC cells.

Quercetin (QTN) induces ROS production, which synergistically
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enhances the ICD effect of GRg3. To improve the in vivo delivery
barriers associated with chemotherapeutic drugs, Sun et al.
applied GRg3 combined with QTN to develop cyclodextrin
nanoparticles (NP) and synthesized nanoformulations (CD-
PEG-FA.Rg3. QTN), which significantly prolonged blood
led to
immunosuppressive  TME conversion in an in situ CRC
mouse model. Combination with CD-PEG-FA.Rg3. QTN with
Anti-PD-LI significantly prolonged the survival of animals (Sun
et al., 2022). Qiu et al. prepared 20(S)-GRg3 (mPEG-b-P (Glu-
co-Phe)) nanoparticles (Rg3-NPs). The mPEG-b-P (Glu-co-
Phe)-based drug delivery system allows the rapid release of

circulation, enhanced tumor targeting, and

GRg3 from nanoparticles to target cancer cells, reduces the
expression of nuclear cells,
significantly inhibits CRC proliferation, and leads to CRC
apoptosis by increasing the expression of caspase-3 (Qiu et al.,
2019).

As advanced nanotechnology with special properties and

antigens in proliferating

structure, carbon nanotubes have shown practical drug delivery
properties. Luo et al. (Luo et al, 2021) demonstrated that
GRg3 containing carbon nanotubes (Rg3-CNT) could further
enhance the antitumor effects of Rg3 by inhibiting proliferation
and promoting apoptosis. Lahiani et al. (Lahiani et al., 2017)
demonstrated that combined treatment with Rgl-CNT and Rb1-
CNT reduced cell viability by 62% and enhanced the
antiproliferative properties of drug-resistant pancreatic cancer
cells (PANC-1) by 61%. Transient receptor potential (TRP) ion
channels are a group of channel proteins widely distributed in the
peripheral and central nervous systems. Abnormal activation of
TRP
neurodegenerative diseases, cancer, skeletal dysplasia, and

channels can cause various diseases, including
renal dysfunction. Li et al. demonstrated that G-Rd could
inhibit gastric AGS cell proliferation by suppressing TRPM7-
like currents in the TRPM7 channels (Li et al., 2022b).

Silver nanoparticles (AgNPs) are commonly used in
healthcare systems as antibacterial, anti-viral, and anticancer
agents due to their unique physicochemical and biological
properties. B-sitosterol-mediated AgNPs induce concentration-
dependent cytotoxicity and induces p53 expression in HT-29
cells (Shathviha et al, 2021). In addition, B-sitosterol-assisted
silver nanoparticles upregulate the expression of proapoptotic
markers, activating Nrf2 and oxidative stress and triggering
mitochondrial apoptosis in HepG2 cells (Raj et al, 2020).
has

bioavailability and a short elimination half-life, which are a

However, [-sitosterol poor water solubility and
great limitation for its therapeutic application. To overcome
these two drawbacks, [-sitosterol-loaded niosomes were
prepared—the film hydration method and process parameters
were optimized using a three-factor Box-Behnken design, and
further surface modification with polyethylene glycol (PEG) was
performed. In vitro and in vivo experiments showed that BSMF
had improved therapeutic properties and significant cytotoxic

potential for HCC with enhanced cellular uptake in HepG2 cells
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(Nisha et al., 2021). Block copolymers of poly (lactide-co-glycolic
acid) (PLGA) and poly (ethylene glycol)-block-poly (lactic acid)
(PEG-PLA) have been used to encapsulate (-sitosterol into
nanoparticles designed to enhance its in vitro anticancer
activity. Cell viability was inhibited by up to 80% in the
of 6.64-53.08 pg/ml
untreated cells. In conclusion, the encapsulation of p-sitosterol

concentration range compared to
in PLGA nanoparticles is a promising strategy to enhance its
anticancer activity against breast cancer cells (Andima et al,

2018).

7 Prevention of precancerous lesions
by the active ingredients of ginseng

Cancer occurrence and development is a long and gradual
process. In its initial stage, the human body is in a deadly struggle
with cancer cells, and many pre-cancerous “signs” will appear,
indicating a benign diseases of the human tissues or organs.
These “signs” may be some benign diseases of human tissues or
organs. However, they often have the potential to become
cancerous; if left untreated for a long time, a significant
proportion of them will become cancerous. We refer to these
diseases as “precancerous lesions”, and they are a group of lesions
with special characteristics. These are neither malignant tumors
nor malignant tumor states. However, under the continuous
influence of multiple carcinogenic factors, precancerous lesions
will have the tendency and possibility to develop further into
malignant tumors. Common clinical precancerous lesions of the
GI tract include: chronic atrophic gastritis and gastric ulcer (GU),
chronic hepatitis and cirrhosis, colon and rectal polyps, and
epithelial hyperplasia. (Wang Y et al., 2021).

Recently, many studies have shown that ginseng and its
active ingredients have significant inhibitory effects on
precancerous lesions. Zhang et al. observed that 20(S)-
GRg3 significantly reduced UI scores and UI ratios in three
GU models (alcohol GU, pylorus-ligated GU, and acetic acid GU
models) and showed anti-ulcer effects and gastric mucosal
protection by decreasing ET-1 and NOS2 levels and increasing
NO, superoxide dismutase, EGF, and epidermal growth factor
receptor levels (Zhang J et al., 2019). In addition, GRg3 inhibits
the abnormal activation of Glutl and Glut4 in AGS and HGC-27
human gastric cancer cells, alleviating microvascular
abnormalities and thus inhibiting gastric precancerous lesion
angiogenesis (Xu et al., 2021). B-linked protein upregulation and
nuclear translocation are significantly associated with advanced
gastric precancerous lesions (GPL). Zeng et al. (Zeng et al., 2021)
observed that GRb1 reduced the protein expression and nuclear
translocation ~of P-catenin, interfered with p-catenin/
TCF4 interactions, and prevented the development and
progression of GPL.

Non-alcoholic fatty liver disease (NAFLD) is a metabolic

liver disease with complex etiology and is considered one of the
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major causes of HCC development. Zhang et al. (Zhang | et al.,
2022) observed that ginsenoside C-K reduced lipid deposition in
HepG2 cells, attenuated lipid accumulation in serum and liver
tissues, ameliorated liver inflammation and injury, regulated the
expression of factors related to lipid synthesis and metabolism,
activated the phosphorylation of LKBI and AMPK, and
intervened in the progression of NAFLD. In addition, Li et al.
(Lietal,, 2022a) observed that GRgl significantly downregulated
the expression level of sphingosine-1-phosphate lyase 1 (SGPL1)
and increased the expression levels of p-Akt and p-ERK1/2 in
steatosis HHL 5 cells, exerting an anti-apoptotic effect on
nonalcoholic fatty liver cells. Previous reports have shown that
GRk3 has excellent efficacy in reducing the intestinal
inflammatory response and protecting the liver. Qu et al
observed that the application of GRk3 inhibited liver injury,
fibrosis, and cirrhosis and had strong antitumor effects in a
mouse model of dimethylnitrosamine and CCL4-induced HCC.
In addition, GRk3 can reduce the expression of inflammatory
cytokines, improve intestinal flora, inhibit the LPS-TLR4
signaling pathway, and play a key role in HCC prevention
(Qu Y et al, 2021).

Rectal polyps are major risk factors for rectal cancer.
Significantly higher levels of IL-4, MIP-1f, FasL, and TGF-p1
were detected in rectal polyps. Zhang et al. (Xie et al., 2019)
observed that regular administration of Rg3 may prevent rectal
polyps by lowering the serum levels of selected cytokines
(including IL-4, MIP-1pB, FasL, and TGF-B1). Huang et al
(Huang G et al, 2017) observed that Rb3/Rd prevented
precancerous lesions by downregulating oncogenic signaling
molecules (iNOS, STAT3/pSTAT3, and Src/pSrc) to reduce
the size and number of polyps. Nodules are also an important
factors in the development of neoplastic lesions. Treatment with
20(R)-Rg3 also reduces the number and size of nodules in the
liver, lung and kidney tissues and has a preventive effect against
precancerous lesions (Phi et al., 2019).

Inflammatory colitis, caused by obesity, is also a major cause
of colorectal cancer. Chen et al. observed that GRk3 repaired
intestinal barrier dysfunction by increasing the expression of
tight junction proteins (occludin-1, claudin, and occludin) and
reducing colonic inflammatory cytokine levels, oxidative stress,
and macrophage infiltration. In addition, GRk3 effectively
improved dysregulated intestinal flora metabolism by
inhibiting the TLR4/NF-«kB signaling pathway, significantly
the
inhibiting the inflammatory cascade response (Chen X et al.,
2021). Chen et al. observed that ginsenoside GRh2 alleviated
ulcerative colitis by downregulating the expression of pro-

reducing thick-walled flora/mimic flora ratio and

inflammatory cytokines TNF-a, IL-6, and IL-1f by regulating
the STAT3/miR-214 signaling pathway (Chen C et al., 2021).
Tovey observed that stigmasterol activates the activity of
membrane-bound enzymes and fluidity of cell membranes,
which in turn exerts a protective effect on the gastric mucosa
(Tovey, 2015). Pandith et al. observed that stigmasterol has anti-
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TABLE 1 Tumor types and characteristics of various active components of ginseng.

Type Composition

Ginsenosides and
Their Metabolites

Rb1, Rb2, Rb3, Rc, Rd, Rg3, Rg5, Rh2,
Rs11, Rk1, F2, CK, Re, Re7, Rgl, Rg18, Rh1,
Rh4, Rpl, Rf, F1, PPD, 25-OH-PPD, 25-

Tumor type

Esophageal, Stomach,
Liver, Colon, Pancreas,
and Gallbladder

Synergistic reaction Features

Cisplatin, Docetaxel,
Doxorubicin, Gemcitabine,
Oxaliplatin, Sorafenib and

®Wide range of anti-tumor effects

OCH;-PPD 5-FU
Ginseng GFP1, PGP2a, PGPWI, Ginsan, WGPA-  Stomach, Liver, Colon - @Anti-tumor components are complex
Polysaccharides 1-HG, 2-HG, 3-HG, 4-HG, WGPA-3-RG, and time- and dose-dependent

4-RG
Ginseng PND, PNT, PNN Liver, Pancreas, and Gemcitabine ® Anti-tumor effects are exerted through
Polyacetylenes Colon multiple pathways
Sterols B-Sitosterl, Stigmasterol Stomach, Liver, Cisplatin, Gemcitabine, @Synergistic effects can be produced in

Colorectal, and

Gallbladder

Volatile Oils B-Panasinsene
a-Gurjunene, Germacrene
B-Gurjunene

B-Elemene
B-Caryophyllene
B-Neoclovene

Citric Acid, Cinnamic Acid, Fumaric Acid,
Maleic Acid, Salicylic Acid

Organic Acids

inflammatory and antitumor effects and can significantly reduce
the expression of COX-2 and inducible nitric oxide synthase
protein, exerting anti-GI effects (Pandith et al., 2013). Feng et al.
(Feng et al., 2018) also demonstrated that soy sterols significantly
inhibited dextran sodium sulfate-induced colonic shortening in
C57BL/6] male mice, reduced fecal hemoglobin content,
decreased colitis pathology scores, and significantly reduced
the mRNA expression of colonic tissue inflammatory factors
IL-1, IL-6, MCP-1, and COX-2. In addition, stigmasterol inhibits
lipopolysaccharide-induced innate immune responses in mice,
suppresses the proliferation of inflammatory cells in the blood of
model mice, and effectively controls colonic tissue damage
(Antwi et al.,, 2017).

Eugenol and cinnamic acid significantly inhibit HCl/ethanol-
induced gastric damage, increase mucus content, have
antioxidant activity, and exhibit protective effects against
gastric damage in vivo (Jung et al, 2011). Cinnamic acid
derivatives are potent antiviral compounds against the
hepatitis C virus (HCV). The cinnamic acid derivative
AG490 inhibits HCV replication and JAK2 activity. Cinnamic
acid compound 6 effectively inhibits HCV replication and

induces ROS production (Amano et al., 2017).

Discussion

Cancer is a complex systemic chronic disease that threatens
human health and quality of life. Ginseng, a traditional natural
product, has unparalleled advantages in the treatment of
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Oxaliplatin and Paclitaxel combination with multiple anti-tumor
therapies to improve efficacy and reduce

toxic side effects

Cetuximab, Doxorubicin,
Erlotinib, Gefitinib,
Oxaliplatin, Paclitaxel and
5-FU

®Combined with novel drug delivery
systems

Cisplatin ®Prevention of precancerous lesions

digestive tumors because of its wide range of pharmacological
activities and application pathways. This review summarizes the
use of ginseng and its active ingredients for the treatment of GI
tumors and focuses on the antitumor mechanism of action of
ginseng, the combined application of ginseng and modern
medicine, clinical studies, novel drug delivery techniques and
the prevention of precancerous lesions, thereby inhibiting
tumorigenesis and malignant progression. (Table 1).

As shown in Table 1, the active ingredients of ginseng are
very complex, and its main active ingredients, such as
ginsenosides, can fight most common tumors. Other ginseng
active ingredients may also have potential antitumor activity,
although they account for a small percentage, requiring further
research. In conclusion, research on the antitumor mechanism of
the active ingredients of ginseng, especially monomeric
ginsenosides, has made great progress, and its molecular
mechanism mainly involves the regulation and expression of
many related genes, proteins, proteases, immune cells, cytokines,
and related signaling pathways, as shown in Figure 2.

As shown in Figure 2, active ingredients of ginseng can
regulate many related signaling pathways, including PI3K/Akt/
mTOR, MAPKs, JAK/STAT, Wnt/B-catenin, AMPK, MEK,
EGFR, NF-kB, and TGF-p and so on. Ginsenosides and other
components can directly or indirectly regulate these pathways,
thus acting on signaling targets to exert antitumor effects.

Several experimental data have proven that ginseng has
definite antitumor effects, and its pharmacological substance
basis and molecular mechanism of action have been clarified;
however, there are also some defects and shortcomings.
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PTEN/B-PI3K/AKT,

ASK-1/INK, TGF-p/Smad2/3,
Notchl, ROS/MAPK,
NRP1/FN1,p53/Belxl/Beclinl,
PERK/eIF-20/ATF4

PI3K/Akt/mTOR,
ESR2/NCF1/ROS

JAK2/STATS3,
VE-cadherin/Epha2/
MMPs,
STAT3/MMPs,
EGFR/PI3K/Akt

Ginsenosides
Wnt/B-catenin,
NF-kB

HIF-1a/NF-xB, MAPK/NF-kB,
PI3K/Akt/m EGFR/AKT/
GSK3, GS /B-catenin,
AKT/mTOR/c-Myc, STAT3,
ERK/c-Myc, EGFR/SOX2,
EGF-EGFR-ERK1/2-HIF-1,
PTEN/Akt

PBK/TOPK/ERK1/2,
NF-kB, SNAIL,
C/EBPB/NF-kB,

PI3K/Akt, AMPK,
MEK/ERK,
AKT/SIRT1

FIGURE 2
Molecular mechanism/pathway of the anti-tumor effects of ginseng.

HIF1A/VEGFA

miR-1323/Cbl-b/EGFR,
FAK/Claudin-1

Volatile oils

ROS/AMPK/
mTOR

P53 Sterols
AMPK/PTEN
/Hsp90,
Akt/mTOR

EGFR/AKkt,
P53/NF-kB,
PI3K/Akt

Ginseng 1
polyacetylenes

PXR/CYP3A4

Moreover, most of the current research results are based on
in vitro cellular experiments and relatively little in vivo animal
experimental and clinical trial data; therefore, we should focus on
the combination of basic experiments and clinical trials. Recently,
the use of advanced drug delivery technologies, carrier
technologies, and nanotechnology in modern pharmacology
has effectively improved the stability, solubility, bioavailability,
and other key issues in drug delivery; however, their applications
are limited to a few ginsenosides, and research on novel drug
delivery technologies for other active ingredients of ginseng is
still relatively rare. Although the combined treatment method of
ginseng and modern medicine has begun to be recognized, there
is still a huge resistance and difficulties in its application.
Therefore, in future in-depth research and development, it is
necessary to improve the following aspects: 1) in-depth
exploration of the molecular mechanism of action of the
antitumor effects of the active ingredients of ginseng using
modern molecular biology techniques and their validation
using in vivo experiments; 2) to study the connection between
the relevant signal transduction pathways involved in the
antitumor effects of ginseng; 3) comparative studies on the
antitumor activity of various active ingredients to select the
best combination for a particular tumor; 4) to conduct in-
depth research on GPS and ginseng polyacetylenes using
advanced drug delivery technology, carrier technology and
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nanotechnology in modern pharmacology. Ginseng is rich in
a variety of antitumor active ingredients and has a promising
future as an anticancer adjuvant drug candidate. Moreover,
ginseng and its components contribute to the therapeutic
efficacy of modern medicine and can significantly improve the
quality of life while minimizing the adverse effects of modern
medicine. Currently, the monomeric ginsenoside Rg3 has been
developed as a new class I drug for adjuvant treatment of various
cancers. Hence, we expect that more active ginseng ingredients
will be available in the future to provide safe and effective natural
drugs and agents for the clinical treatment of various tumors.
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