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ARTICLE INFO ABSTRACT

Keywords: Licorice (Glycyrrhiza glabra) is a well-known natural herb used to treat different ailments since ancient times.
Licorice Glycyrrhizin (GL), which is the primary triterpenoid compound of licorice extract, has been known to have
Glycyrrhizin broad-spectrum pharmacological effects. GL is cleaved into glucuronide and the aglycone, glycyrrhetinic acid
g;};l?;rrrhenmc acid (GA), which exists in two stereoisomeric forms: 18a- and 18p-GA. It is well documented that GL and GA have
HMGB1 great potential as anti-inflammatory, anticancer, antiviral, anti-diabetic, antioxidant, and hepatoprotective
COX-2 agents. Studies undertaken during the coronavirus disease 2019 pandemic suggest that GL is effective at
Inflammation inhibiting the viral replication of severe acute respiratory syndrome coronavirus 2. The anticancer effects of GL

and GA involve modulating various signaling pathways, such as the phosphatase and tensin homolog/phos-
phatidylinositol 3-kinase/protein kinase B pathway, the mitogen-activated protein kinase, and the mammalian
target of rapamycin/signal transducer and activator of transcription 3, which are mainly involved in regulating
cancer cell death, oxidative stress, and inflammation. The potential of GL and GA in preventing cancer devel-
opment and suppressing the growth and invasion of different cancer types has been reviewed in this paper. This
review also provides molecular insights on the mechanism of action for the oncopreventive and oncotherapeutic
effects of GL and its derivative, GA, which could help develop more specific forms of these agents for clinical use.

1. Introduction

Licorice or liquorice is a herbaceous perennial legume copiously
cultivated over many places worldwide. The Glycyrrhiza genus consists
of about 30 species belonging to the family of Leguminosae. The most
common species are Glycyrrhiza uralensis Fisch., G. inflata Bat., G. glabra,
G. aspera, G. korshinskyi, and G. eurycarpa [1-3]. Licorice is widely uti-
lized as a sweetening and flavoring material in the food industry and as a
de-bittering agent in the tobacco industry. Over 400 bioactive in-
gredients and secondary metabolites have been identified in the dried
roots and rhizomes of Glycyrrhiza species [2]. There are two major
constituents of licorice. The first is the triterpene saponins, which exist
in a glucuronide form and aglycone form, known as glycyrrhetinic acid
(GA). The aglycone form of oleanane pentacyclic triterpene is charac-
terized by hydrophilic functional groups, such as a hydroxyl group at
C-3, a carboxyl group at C-30, and a ketone group at C-11, causing GA to
have high water solubility [4,5]. The second constituent is a group of

compounds known as flavonoids. The chemical structure of flavonoids is
generally composed of two phenyl rings that bind to a heterocyclic ring
with several chemical functional groups. Flavonoids comprise a het-
erogeneous group of compounds such as flavanones or flavanonols,
isoflavones, flavonols, chalcones, dihydrochalcones, and flavan-3-ol. A
recently published review article has addressed the molecular mecha-
nisms of licorice flavonoids in cancer [6].

Glycyrrhizin (GL), or glycyrrhizic acid (GZA), is an isomer of 18a-
glycyrrhizin and 18B-glycyrrhizin (Fig. 1). It is the major saponin of a
pentacyclic derivative of the p-amyrine type. The dried licorice root
extract is made up of around 4-25% of the saponin, of which GL con-
stitutes about 3-13% [7,8]. When taken orally, GL has low oral
bioavailability and can only be detected at very low concentrations after
a single dietary ingestion. In humans, the major ingredient of licorice,
GZA, is hydrolyzed (pre-systemic hydrolysis) to GA by intestinal bac-
teria that have a particular 8-glucuronidase enzyme [9]. GL is cleaved by
the action of the intestinal bacteria to one molecule of GA and two
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Fig. 1. Chemical structure of isomeric forms of GL and GA.

glucuronide molecules [10]. GA has two pentacyclic stereoisomers,
known as 18a- and 18p-GA (Fig. 1) [7]. GL has various pharmacological
effects, including anticancer, anti-inflammatory, antioxidant, and anti-
viral effects [11-17]. The antiviral activity has been studied previously
against hepatitis B virus, hepatitis C virus, and HIV [18-20]. More
recently, researchers have found interesting data suggesting the poten-
tial of GL in the treatment of the novel coronavirus [21-23]. Further-
more, a study found that GL inhibited the viral replication of severe
acute respiratory syndrome coronavirus 2 by targeting the main viral
protease [21]. In addition, another study found that GL may be useful in
reducing lung inflammation by downregulating angiotensin-converting
enzyme 2 expression in the lungs [23]. However, further investigation is
required for a comprehensive understanding of the mechanism of action
of GL in the treatment of COVID-19.

Cancer is a heterogeneous disease group characterized by uncon-
trolled cellular growth and metastasis to a distant site in the body.
Cancer is the second leading cause of mortality worldwide and in the
USA in 2020. In 2021, the United States is expected to see 1,898,160
new cancer cases and 608,570 cancer deaths [24]. Cancer resistance is a
significant problem that demands the usage of multiple targeted treat-
ments [25]. However, the high toxicity profile of synthetic chemical
compounds significantly impacts patient survival and lifestyle. There-
fore, newer therapies with less toxic profiles and novel targets is war-
ranted and there has been extensive ongoing research on the use of
naturally derived compounds from the plant and marine worlds in the
treatment of several different cancers [26-28]. More than 60% of syn-
thetic pharmaceutical drugs come from natural sources; most are
derived from plants, marine life, bacteria, and fungi, with plant-derived
active compounds accounting for 75% of anticancer medications
[29-31]. One of the advantages of using drugs derived from natural
sources over small synthetic molecules is structural diversity, which
allows these drugs to exhibit their effects on many molecular targets. In
contrast, a small molecule has a limited number of targets [32,33]. Some
of the most widely used chemotherapeutic agents that are derived from
natural sources are Etoposide, Topotecan, Irinotecan, Paclitaxel,
Vincristine, Vinblastine, Brentuximab vedotin, Clofarabine, Everolimus,
and many other drugs [34-40].

Even though cancer treatment gets a lot of attention and oncopre-
vention is often overshadowed by it, the importance of oncopreventive
research is paramount. Oncopreventive research aims to decrease cancer
incidence and prevalence, reducing cancer-associated morbidity and
mortality. Although various compounds of licorice have significant
pharmacological effects, we will highlight the anticancer properties of
GL and its derivatives. To our knowledge, this is the first review to
provide an insight into the common mechanistic pathways responsible
for the oncopreventive and oncotherapeutic potential of GL and its
derivatives.

2. Pharmacokinetics of GZA and GA

Many studies have investigated the pharmacokinetic behavior of
GZA and its metabolites after oral and intravenous administration [10,
41,42]. GZA is detected in the plasma of rats when administered in the
dose range of 50-500 mg/kg [43,44]. In humans, following 100-800 mg
oral administration, GZA was not detected in plasma [45]. GL is partly
absorbed from the gastrointestinal tract. Oral administration of GL re-
sults in pre-systemic metabolism, causing GL to be hydrolyzed to GA by
intestinal bacteria [45]. A specialized f-glucuronidase in the bacteria
isolated from human intestinal flora, such as Eubacterium sp., Rumino-
coccus sp., and Clostridium innocuum., showed GL hydrolyzing activity
[46,47]. After oral administration of GL (100 mg), its metabolite GA
appeared in plasma (less than 200 ng/mL) [45]. GZA and GA bind
plasma albumin extensively in humans and rats [48]. The plasma con-
centration of GZA and GA after an intravenous administration in rats
exhibits a biphasic pattern (distribution phase is followed by a slower
elimination phase) [48]. GA is metabolized to glucuronide conjugate in
the liver and rapidly excreted into the bile [48].

3. Methodology for literature search and study selection

In this review, we systematically searched the literature using the
controlled search terms with various conjunctions: (Glycyrrhizin [TIAB]
OR glycyrrhetinic acid [TIAB]) AND (Neoplasia [TIAB] OR Neoplasias
[TIAB] OR Neoplasm [TIAB] OR Tumors [TIAB] OR Tumor [TIAB] OR
Cancer [TIAB] OR Cancers [TIAB] OR Malignancy [TIAB] OR Malig-
nancies [TIAB] OR “Malignant Neoplasms” [TIAB] OR “Malignant
Neoplasm” [TIAB] OR “Neoplasm, Malignant” [TIAB] OR “Neoplasms,
Malignant” [TIAB] OR “Benign Neoplasms” [TIAB] OR “Neoplasms,
Benign” [TIAB] OR “Benign Neoplasm” [TIAB] OR “Neoplasm, Benign”
[TIAB]) through PubMed, Web of Science, Cochrane library, and Scopus
databases. Related citations of every included article were also manually
examined. We only included articles published in the English language.
To meet our purpose for this narrative review, we included all the
mechanistic studies and clinical trials during screening and data
extraction.

4. Anticancer mechanisms of action of licorice triterpenoids
4.1. Antioxidant effects

Glutathione (GSH) is a non-protein thiol present in high amounts in
tissue. Its importance comes from its ability to regulate redox hemostasis
in the cells and tissues. It protects the cells from highly reactive oxygen
and nitrogen species that cause cellular damage, such as superoxide and
nitrogen peroxide [49,50]. GSH is a crucial signal transduction molecule
that regulates many cellular functions, including proliferation, differ-
entiation, and apoptosis. GSH dysregulation has been implicated in
tumor initiation, progression, and resistance to treatment [51,52]. More
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Inhibition of inflammatory microenvironment.

Inhibition of Carcinogenesis

Fig. 2. Depicts the anti-inflammatory and immunomodulatory role of GA. GA interferes with a different pathway to exhibit anticancer properties by controlling the
inflammatory microenvironment that enhances cancer progression and survival. COX-2, its downstream PGE2, and TxAS are key players controlling cancer
inflammation. NF-kB affects the expression of many essential molecules in inflammation and the immune response.

recently, numerous innovative drugs have been studied to target the
GSH antioxidant system [53,54]. The antioxidant property of GA has
been studied in murine skin models using 7,12-dimethyl benz(a)
anthracene (DMBA)/TPA to induce skin cancer. The study elaborates
that GA inhibits ornithine decarboxylase (ODC), which causes gluta-
thione depletion. This might suggest that the oncopreventive property of
GA is a result of its antioxidant properties. GA exerts its effect by
inhibiting ornithine decarboxylase, which decreases oxidative stress,

ultimately suppressing tumor formation [55].

4.2. Anti-inflammatory and immunomodulatory effects

Chronic inflammation is a well-established contributor to cancer
progression. Approximately 20% of cancers have been linked to chronic
inflammation [56,57]. In 1863, Virchow posed that tumors could
emanate from sites of chronic inflammation, and many mechanistic,
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clinical, and epidemiological studies demonstrate the correlation be-
tween chronic inflammation and cancer progression [58]. Proin-
flammatory molecules such as cyclooxygenase 2 (COX-2) and its
downstream molecule, prostaglandin E2 (PGE2), play a vital role in the
inflammatory process by inducing a cell-mediated immune response
that causes tissue remodeling and neovascularization (Fig. 2), conse-
quently facilitating cancer progression [59].

COX-2 elevated expression is associated with cancer progression
[60]. Cao et al. [61] showed that 18p-glycyrrhetinic acid (GA) inhibits
the growth and progression of gastric epithelial mucosa in K19-C2mE
transgenic (Tg) mice via inhibition of COX-2 enzyme expression and
ameliorates the inflammatory microenvironment [61]. Downstream to
COX-2, thromboxane synthase (TxAS) is shown to be overexpressed in
non-small cell lung cancer (NSCLC) tissue specimens and is responsible
for the poor prognosis of lung cancer [62,63]. TxAS can synthesize
thromboxane-A2 (TxA2) from prostaglandin-H2 [64]. Previous studies
have demonstrated that GA reduced both the transcription and protein
expression of TxAS in NSCLC cell lines A549 and NCI-H460. GA-me-
diated inhibition of TxAS further suppresses the activation of ERK and
downstream transcriptional factor CREB, which plays a vital role in
cancer pathogenesis and promotes cell proliferation by increasing the
activity of TxA2 [65-67]. In addition, TxAS inhibition has been shown to
significantly increase the sensitivity of bladder cancer to Cisplatin
treatment, suggesting that GA-mediated inhibition of TXAS may enhance
sensitivity to conventional treatment and consequently reduce drug
resistance [67-69].

To investigate the anti-inflammatory role of GL and GA in affecting
carcinogenesis, Khan et al. [70] explored the therapeutic potential of
GZA against the development of colonic precancerous lesions, such as
aberrant crypt foci (ACF) and mucin depleted foci (MCF), in Wistar rats
exposed to the carcinogen, 1,2-dimethylhydrazine (DMH). GZA, in a
dose of 15 mg/kg, was shown to reduce the number of MDF lesions
significantly compared to ACF, demonstrating the ability of GZA to
prevent the growth of one of the early precancerous events in colon
cancer. In addition, GZA has also been shown to attenuate loss of mucin
in the colon, which consequently lowers mast cell infiltration to the
submucosal layer. Moreover, GZA was found to inhibit nuclear factor
kappa B (NF-kB) expression in colonic cells, leading to the deactivation
of inflammatory mediators such as COX-2, inducible nitric oxide syn-
thase (iNOS), tumor necrosis factor-alpha (TNF-a), and vascular endo-
thelial growth factor (VEGF) [70]. Additionally, a recent study
investigated the role of GL in carcinogenesis after exposing ICR mice to
the carcinogen, azoxymethane (AOM)/dextran sodium sulfate (DSS).
The study results elaborate that GL decreases the degree of dysplasia and
infiltration of inflammatory cells within the colonic mucosa 20 weeks
after treatment in comparison to the colonic mucosa of mice treated
solely with the carcinogen and inflammatory agent. The study also
found that GL reduces the expression of the inflammatory cytokine
high-mobility group box 1 (HMGB1) [71]. HMGB1 binds to toll-like
receptor 4 (TLR4) on the surface of macrophages and activates the
myeloid differentiation 88 and NF-xB essential modulator (MyD88--
NEMO) pathway, which ultimately activates NF-kB [72]. NF-«kB inhibi-
tion results in a decrease in the expression of the proinflammatory genes,
including iNOS and COX-2, which attenuates the inflammatory response
and carcinogenesis [71].

Elevated expression of COX-2 and its product PGE2 were associated
with immune evasion and increased cancer resistance in melanoma [73,
74]. Treatment of B16F10 melanoma cells with GA results in a decrease
in the mRNA and protein expression levels of both COX-2 and PGE2,
indicates that GA decreases melanoma cell progression and induces
apoptosis [75]. Additionally, COX-2 and PGE2 were shown to stimulate
induction of T regulatory cells (Treg), which are key mediators of
tolerance to the antitumor effect [68,76]. Therefore, by reducing the
expression of COX-2 and PGE2, GA is shown to downregulate the im-
mune suppression of FOXP3 " Treg cells, and consequently reduce their
production of anti-inflammatory cytokines IL-10 and TGF-§ [75]. The
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D11b*Grl Myeloid-derived suppressor cells (MDSCs) are a constituent
of immature myeloid cells that induce immunosuppression in melanoma
cells [77]. MDSCs that were isolated from mice and treated with GA for
48 h showed significantly reduced PGE2 expression. In addition,
PSTAT-3 was also decreased in a significant manner, indicating that GA
inhibits the immunosuppression of MDSCs by downregulating STAT-3
phosphorylation [75].

4.3. Anti-estrogenic effects

One study demonstrated a significantly decreased incidence of
endometrial adenocarcinoma and atypical endometrial hyperplasia in
ovariectomized mice that were fed an estrogen-containing diet and
treated with glycyrrhizin compared to mice that were fed the estrogen-
containing diet alone [78]. Endometrial hyperplasia is closely associated
with the development of endometrial adenocarcinoma. Therefore, the
inhibitory action of GL against the incidence of both atypical endome-
trial hyperplasia and endometrial adenocarcinoma provides promising
evidence of glycyrrhizin’s chemopreventive effects against endometrial
cancer. Endometrial cancer is also associated with high levels of estro-
gen in the plasma. Estrogen stimulates cell proliferation in the endo-
metrium, which leads to endometrial hyperplasia and increases the risk
of developing cancer [79]. GL has been shown to have anti-estrogenic
effects in mice and rats at dose ratios of 500:1 and 1000:1 of glycyr-
rhizin:estradiol-17p, suggesting that it may exert its chemopreventive
effects by acting on the estrogen receptor [80]. There is also evidence
that treatment of ovariectomized mice on an estrogen-containing diet
with GL significantly reduced the expression of COX-2 mRNA in their
uteri compared to mice that were fed the estrogen-containing diet
without any additional treatment [78]. These findings indicate that GL
could inhibit endometrial carcinogenesis by either competitively
inhibiting the binding of estrogen to its receptor or by downregulating
the expression of inflammatory enzymes and cytokines. Nevertheless,
further studies are required to determine the mechanism of this
relationship.

4.4. Induction of cell cycle arrest

Cell cycle control is very critical to ensure that cell division is free
from catastrophic error. Cancer mutations perturb cell cycle control,
allowing the cancer cell to evade cell cycle checkpoints [81]. While
investigating the ability of GL and GA to induce cell cycle arrest, Satomi
et al. [82] found that GL with inhibitory concentration ICs( greater than
1200 uM and GA with ICsy equal to 80 pM exhibited antiproliferative
effects in a concentration-dependent manner against the hepatoma
HepG2 cell line, with GA showing greater efficacy compared to GL [82].
GA is shown to exhibit antiproliferative activity via induction of G1 cell
cycle arrest and apoptosis. Conversely, GL is shown to induce G1 cell
cycle arrest, but not apoptosis [82].

Moreover, Chang and colleagues [83] demonstrate that GA in com-
bination with curcumin inhibits tumor growth in human hepatocellular
carcinoma (HCC) HepG2 cells significantly compared to curcumin
alone. Their results show a marked increase of cells in the G1 phase in
the combination group compared to GA alone or curcumin alone [83]. A
study performed by Wang et al. [84] disclosed that GZA inhibits gastric
cancer MGC-803 cell proliferation. In addition, GZA is shown to have a
long-lasting inhibitory effect on the proliferation of MGC-803 cells [84].
Cell percentage in the S phase was significantly reduced compared to
G0/G1 phase cell percentage. The expression of G1l-associated proteins,
especially cyclins D1, D2, D3, El, and E2, was significantly down-
regulated. Conversely, other proteins were unchanged, confirming that
GZA enforces cell cycle arrest in the G1/S phase of the cell cycle [84].

4.5. Induction of cancer cell apoptosis

Apoptosis evasion and resisting cell death are among the hallmarks
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Fig. 3. Schematic representation depicts that GA induces cell death. GA can induce cell death via two different mechanisms. The first extrinsic pathway includes the
activation of the death receptor followed by a cascade of proteolysis of caspases leading to cells committed to death. A second intrinsic pathway is a mitochondrial-
mediated pathway in response to stress. GA activates pro-apoptotic protein Bax and Bak while it inhibits the anti-apoptotic protein Bcl-2 and Bcl-xl.

of cancer, as proposed by Hanahan and Weinberg [85] in their seminal
review article. Cancer cells are able to escape programmed cell death, a
well-established program to prevent cancer progression. One
well-known apoptosis mechanism is that cells receive death signals from
outside the cell (the extrinsic pathway), while other mechanisms are
initiated by signals from inside the cell (the intrinsic pathways).
Consequently, both pathways lead to the activation of the activator
caspases, mainly caspase-8 for extrinsic pathway and caspase-9 for the
intrinsic pathway, that ultimately activate the death executor caspases
(mainly caspase-3/7), which induce a cascade of proteolysis involving
effector caspases that are responsible for the execution phase of
apoptosis [86-88]. Cancer cells develop strategies to evade apoptosis,
such as suppressing the tumor suppressor gene TP53, which is well
known to be mutated in cancer. This suppression of TP53 downregulates
pro-apoptotic protein expression and activates the anti-apoptotic pro-
teins and survival pathways [89,90]. GL and GA have been shown to
induce apoptosis via both the intrinsic and extrinsic pathways (Fig. 3).
In human hepatocellular carcinoma cell line HepG2, Satomi et al.
[82] demonstrated that high concentrations of GA could induce
apoptosis by decreasing the activation of the anti-apoptotic proteins,
B-cell lymphoma 2 (Bcl-2) and B-cell lymphoma-extra-large (Bcl-xL),
and by cleaving caspase-8 and caspase-9. Interestingly, the expression of
the pro-apoptotic proteins Bcl-2-associated X protein (Bax) and Bak
remained unchanged [82]. However, GA was unable to induce apoptosis
at low concentrations. In melanoma, GA exhibits antiproliferative ac-
tivity at 30 pg/mL for 24 h. The expression level of the anti-apoptotic
protein Bcl-2 was downregulated, whereas the pro-apoptotic protein
Bax was upregulated in these cells. In addition, the expression of
pro-caspase-3 and pro-caspase-9 was upregulated as well [75].

Wei Lin and colleagues [91] examined the cytotoxicity and anti-
tumor activity of 18p-GA and its synthetic derivative in the human
bladder cancer cell line NTUB1 and demonstrated that 183-GA and its
derivative induce apoptotic cell death in a concentration-dependent
manner via upregulation of ROS that activate P53 leading to the anti-
tumor activity [91]. Their study also showed that the mitochondrial
membrane potential (MMP) decreased dramatically after 24 h and the
p-p53 expression increased. Nevertheless, the authors report that
neither 188-GA nor any derivative could induce cell cycle arrest [91].

Furthermore, another study conducted on breast cancer cell line
MCF-7 elaborates that 18p-GA exhibits antiproliferative effects against
MCF-7 cells in a concentration- and time-dependent manner with
maximum inhibitory concentration ICso of 100 uM after 48 h. To study
the mechanistic pathway of apoptosis, the authors used annexin V-PI
flow cytometric analysis. In addition, they used the TUNEL assay to test
if 18p-GA selectively induces MCF-7 cell apoptosis. Their data revealed
that the use of 18B-GA at a concentration of 100 uM increases the
binding of annexin-V significantly in a time-dependent manner, de-
creases the MMP, releases cytochrome c into the cytoplasm, and acti-
vates cleavage of caspase-9, which indicates that GA can induce
apoptosis in the breast cancer cell line via the intrinsic mitochondrial
pathway [92]. Furthermore, GA is shown to increase the Bax:Bcl-2 ratio,
as well as markedly increase the BH3 protein, Bim. Bim is shown to be
transcriptionally regulated by the forkhead box O 3a (FOXO3a) tran-
scription factor. The activation and localization of FOXO3a to the nu-
cleus is associated with a significant downregulation in Akt kinase.
Therefore, Bim, FOX0O3a, and downregulation of Akt contribute to the
GA-induced apoptosis is observed in the MCF-7 cells [92].

As discussed earlier, GA in combination with curcumin significantly
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induces apoptosis compared to curcumin or GA alone. Results from the
study showed that the expression of the anti-apoptotic protein, Bcl-2,
was significantly downregulated, whereas the expression of the pro-
apoptotic protein, Bax, was upregulated, suggesting that GA in combi-
nation with curcumin induces cell apoptosis via the intrinsic mito-
chondrial pathway [83]. In the gastric cancer MGC-803 cell line, GZA
was shown to induce apoptosis in CICD [84]. CICD implies that
apoptosis happens despite the absence of caspases that may occur as a
result of the intrinsic pathway or death receptor ligation [93].
Furthermore, the study showed that cells treated with GA show high
expression in the pro-apoptotic Bax, cleaved PARP, pro-caspase-3,
pro-caspase-8, and pro-caspase-9. Despite this result, the amount of
cleaved caspases is still unchanged, indicating that caspases have no role
in executing apoptosis, and GA induces apoptosis via the intrinsic
mitochondrial pathway in a cancer-type context manner [84]. This
finding is supported by evidence from another study by Thirugnanam
et al. [94] on prostate cancer. The study demonstrates that GL induces
apoptosis in prostate cancer cell lines DU-145 and LNCaP in a
caspase-independent pathway [94]. A different study by Lin et al. [95]
showed that GA induces cell death and autophagy in the human breast
cancer cell line MDA-MB-231 via the ROS-mitochondrial pathway. GA
induces MDA-MB-231 cell death by increasing ROS, causing the mito-
chondrial membrane potential to decrease significantly. Treatment with
GA also downregulates the autophagy-associated proteins, p62- and
beclin-1, and increases the conversion of LC3 to LC3-II without change
in the caspase-associated protein, confirming that GA-derived ROS in-
duces autophagy and apoptosis via the ROS-mitochondrial pathway
[95]. Furthermore, 18B-GA was shown to induce autophagy in the os-
teosarcoma xenograft model [96].

4.6. Inhibition of invasion and metastasis

Cancer metastasis has become one of the major cancer-related causes
of death. For cancer cells to metastasize to secondary sites, they undergo
many sequential steps, including cell invasion, intravasation, survival in
the circulation, extravasation, and colonization to distant sites [97].
Tumor cells endure a phenotypic change leading to the loss of their
epithelial characteristics, gain of mesenchymal properties, and activa-
tion of specific pathways such as Wnt/p-catenin. This process, called
epithelial-to-mesenchymal transition (EMT), is an essential step to
cancer cell invasion and metastasis [85,98].

Jayasooriya and colleagues [99] tested the inhibitory effect of
18p-GA on prostate cancer, bladder cancer, and breast cancer cell lines.
At a concentration of 35 pM, 18p-GA exhibited a cytotoxic effect on the
prostate cancer cell line, but failed to exhibit its effect on the bladder and
breast cancer cell lines. However, GA was shown to inhibit TNF-«a acti-
vation of matrix metalloproteinase 9 (MMP9) in all three cancer cell
lines, leading to a significant reduction in cancer invasion and metastasis
[99]. In addition, GA significantly reduced the mRNA expression and
protein levels of VEGF [99]. GA seems to inhibit TNF-a via modulation
of NF-kB. GA antagonizes TNF-a by downregulating the inhibitory IxkBa
that prevents the degradation of the NF-kB subunits, p65 and p50, and
enhances the nuclear translocation of NF-xB [100]. The p65 and p50
subunits of NF-kB bind to the promoter regions of genes responsible for
invasion and metastasis, such as VEGF and MMP9, concluding that GA
inhibits invasion and metastasis by interfering with the function of the
NF-xB transcription factor [99]. Furthermore, the authors suggest that
GA inhibits TNF-a phosphorylation of PI3K/Akt, which in turn sup-
presses PI3K/Akt signaling pathway modulation of NF-xB. Hence, GA
can be used to prevent invasion and metastasis [99]. This finding is
supported by another study conducted by Shetty et al. [101] on prostate
cancer. The authors demonstrate that 18a-GA inhibits prostate cancer
invasion via inhibition of NF-kxB-p65, VEGF, and MMP9 [101]. More-
over, a study using BALB/c mice with acute hepatitis induced by a
combination of small doses of lipopolysaccharide and D-galactosamine,
found that treatment with GL suppressed MMP9 mRNA expression
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[102]. MMP is a family of calcium- and zinc-dependent proteases
involved in the degradation of extracellular matrix produced during
liver injury [103]. Thus, GL can inhibit liver injury and subsequent
development of HCC via targeting the expression of MMP9. These
findings suggest the potential use of GL as an oncoprotective agent in
HCC. However, more studies should be conducted for further use of GL
in clinics. Interestingly, GL has also been demonstrated to inhibit
pre-metastatic niche formation and metastasis in a mouse model via
modulating intestinal microbiota [104].

EMT promotes the conversion of immobile epithelial cells into motile
mesenchymal cells, enhancing cancer’s invasion and metastatic prop-
erties [105]. It is considered one of the vital processes of cancer cells that
enable the cell to evade conventional treatment and develop resistance
[106,107]. Targeting EMT has been a hot area of research in recent
years. Many drugs have been developed to selectively target the up-
stream molecules in EMT-specific signaling pathways, such as the
NOTCH pathway and Wnt pathway [108]. GA inhibits the metastatic
potential of SGC-7901 gastric cancer cells by reducing the activity of
MMP2 and MMP9, critical enzymes involved in EMT [109]. The intra-
cellular ROS level, PKC-a expression, and the phosphorylation of ERK
were 