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Breast cancer (BC) is one of the most common malignant tumor, the incidence

of which has increased worldwide in recent years. Ginsenosides are the main

active components of Panax ginseng C. A. Mey., in vitro and in vivo studies have

confirmed that ginsenosides have significant anti-cancer activity, including BC.

It is reported that ginsenosides can induce BC cells apoptosis, inhibit BC cells

proliferation, migration, invasion, as well as autophagy and angiogenesis,

thereby suppress the procession of BC. In this review, the therapeutic

effects and the molecular mechanisms of ginsenosides on BC will be

summarized. And the combination strategy of ginsenosides with other drugs

on BC will also be discussed. In addition, epigenetic changes, especially

microRNAs (miRNAs) targeted by ginsenosides in the treatment of BC are

clarified.
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Introduction

Ginsenosides are the main active components of traditional Chinese herbal medicine

Panax ginseng C. A. Mey. (Song et al., 2022). At present, nearly 200 ginsenosides have

been isolated and identified from the roots, stems, leaves, flowers buds, and berries of

Panax ginseng C. A. Mey. (Zhao A. et al., 2022). Ginsenosides can be divided into three

classes according to different aglycone structures, protopanaxadiol (PPD),

protopanaxatriol (PPT) and oleanolic acid. PPD types mainly includes ginsenosides

Rb1, Rd, Rg3, Rh2, CK and F2, etc., PPT types mainly includes ginsenosides Re, Rf, Rg1,

Rg2, Rh1 and F1, etc., and oleanolic acid types mainly includes ginsenosides Ro, etc. (Hou

et al., 2021; Liu G. et al., 2022). Modern pharmacology has shown that ginsenosides have

neuroprotective (Zarneshan et al., 2022), anti-aging (Meng et al., 2022), anti-oxidant (He

et al., 2022), anti-inflammatory (Xu et al., 2022) and anti-cancer (Zhao L. et al., 2022)

effects. Numerous ginsenosides has been reported have various anti-cancer activity. Such

as, ginsenoside Rg3 can effectively inhibit prostate cancer, gastric cancer, gallblader cancer
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and ovarian cancer, etc., while ginsenoside CK can function in

suppress the proliferation and procession of liver cancer, lung

cancer, colon cancer, and bladder cancer, etc. (Liu Z. et al., 2021;

Liu J. et al., 2022).

Breast cancer (BC) is the most common cancer among female

patients in the world (Zeng et al., 2020). According to the data of

International Agency for Research on Cancer (IARC) (Hu et al.,

2022), more than 2.26 million women in the world were

diagnosed with BC and nearly 68.5 million women died of BC

in 2020. While this number was estimated around more than

3million new cases and 1million deaths every year by 2040. BC is

a disease with complex etiology and high heterogeneity, can be

divided into three types, hormone receptor positive (estrogen and

progesterone), human epidermal growth factor receptor 2

(HER2) positive and triple negative breast cancer (TNBC,

accounting for 10%–20% of BC cases) (Karami Fath et al.,

2022). In clinical, treatment of BC mainly include surgical

resection, radiotherapy, hormone therapy and so on (Qiu

et al., 2021). However, these treatments are accompanied by

adverse conditions such as drug resistance (Hobbs et al., 2022).

Studies have shown that ginsenosides can mediating

numerous processions of BC, including drive apoptosis and

autophagy, regulate cell cycle and inhibit metastasis (Jin et al.,

2020). At present, a variety of ginsenosides have been reported to

inhibit the proliferation of BC, such as ginsenoside Rg3 and

ginsenoside Rd can inhibit the metastasis of BC cells. While

ginsenosides Rg2, Rg5 and CK can induce autophagy, apoptosis

and cell cycle arrest of BC cells (Hong et al., 2021). Moreover,

combination treatment of ginsenosides and other

chemotherapeutic drugs have been reported. For example,

combination of ginsenoside Rg3 with curcumin or endostar

can improve BC cells radiosensitivity, and inhibit metastasis

of BC cells, respectively (Zhang et al., 2016; Changizi et al.,

2021). The relationship between microRNAs (miRNAs) and BC

was first clarified in 2005, and subsequent studies revealed

numerous miRNAs closely related to the development of BC

(Iorio et al., 2005; Shekari et al., 2022). It has been reported that

miRNAs can be used to determine the stage of BC, thereby

predicting the survival rate of BC patients (Karami Fath et al.,

2022). Moreover, miRNAs detected in body fluids serve as

biomarkers for the diagnosis and prognosis of BC (Liu L.

et al., 2022). Ginsenoside Rd inhibited the expression of miR-

18a, which in turn inhibited the proliferation, metastasis and

invasion of BC cells (Wang et al., 2016). While ginsenoside

Rh2 inhibits proliferation and induces apoptosis of BC cells

by inhibiting miR-4425 and miR-3614-3p expression,

respectively (Park et al., 2021; Park et al., 2022). The present

review is aim to summarize the pharmacological activities of

ginsenosides in BC therapy, as well as indicated molecular

mechanism. Further overview the combination therapies

against BC and discuss the clinical prospects of ginsenosides.

Moreover, miRNAs targeted by ginsenosides in BC treatment

will also be demonstrated.

Anti-breast cancer activity of
ginsenosides

PPD and PPT are both dammarane tetracyclic triterpene

saponins, and the main difference in structure is whether there is

a hydroxyl substitution on the carbon at position 6 (Pan et al.,

2018). Moreover, in the anti-BC research of ginsenosides, it

mainly revolves around PPD and PPT types ginsenosides, and

in details, the structure is mainly different in groups on the

carbon at positions 3, 6 and 20 (Figure 1). In the following

section, the biological activity of ginsenosides against BC

according to ginsenosides chemical structures will be

investigated (Figure 2, Table 1).

Anti-breast cancer activity of PPD types

PPD has good biological activities of anti-oxidation, anti-

inflammatory, as well as anti-cancer (Yang et al., 2019). At

present, several studies have reported the anti-BC effects of

PPD and related mechanisms. Such as, ginsenoside F2 inhibits

the proliferation of breast cancer stem cells (CSCs) by regulating

p53 to induce apoptosis and stimulate autophagy (Mai et al.,

2012). Ginsenoside Rb1 can decrease tumor growth and tumor

weight in vivo, and induce apoptosis of BC cells in vitro by

binding to carbon nanotubes (Lahiani et al., 2017; Zuo et al.,

2022). Moreover, ginsenoside Rb3 increases the anti-proliferative

activity of cisplatin at higher concentrations (Aung et al., 2007).

In this report, the berry extract of American ginseng has the effect

of anti-proliferation of BC cells, and ginsenoside Rb3 is the active

ingredient with the highest content. We speculate that

ginsenoside Rb3 has the effect of anti-BC.

Ginsenoside Rd Ginsenoside Rd is one of the metabolites of

ginsenoside Rb1 in the intestine (Zhang et al., 2021) and has a

wide range of biological activities including neuroprotection,

improved metabolism, as well as anti-cancer (Li J. et al.,

2022). It is reported that ginsenoside Rd inhibits proliferation

and drives apoptosis of BC cells (Kim 2013). Ginsenoside Rd can

target transient receptor potential (TRP) melastatin 7 (TRPM7),

a member of the TRP channel family and functions in cell cycle

regulation, further mediate the proliferation and survival of BC

cells (Liu H. et al., 2020). On the other hand, ginsenoside Rd

shows the activity of suppressing angiogenesis and metastasis. In

details, ginsenoside Rd inhibited migration, invasion and lung

metastasis of BC cells in vitro and in vivo, respectively (Wang

et al., 2016). Moreover, ginsenoside Rd can inhibit HIF-1α
(hypoxia inducible factor-1)/VEGF (vascular endothelial

growth factors) through Akt/mTOR/p70S6K signaling

pathway and then inhibit angiogenesis and cut off nutrient

supply (Zhang et al., 2017). VEGF, also known as vascular

permeability factor, promotes endothelial cell proliferation,

migration and invasion into surrounding tissues, and is an

important factor in tumor angiogenesis (Adams and Alitalo

Frontiers in Pharmacology frontiersin.org02

Fan et al. 10.3389/fphar.2022.1033017

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1033017


2007). Therefore, we speculate that ginsenoside Rd can not only

inhibit angiogenesis but also inhibit the growth, metastasis and

invasion of BC cells by targeting VEGF.

Ginsenoside CK Ginsenoside CK is the main metabolite and

final absorption form of PPD type ginsenoside in the intestine

(Jin et al., 2018). Ginsenoside CK can inhibit the proliferation,

induce apoptosis of MCF-7 cells, as well as EMT, through down-

regulating the PI3K/Akt pathway (Zhang and Li 2016).

Moreover, ginsenoside CK can reduce glycogen synthase

kinase-3β (GSK-3β) phosphorylation, which leads to decreased

expression of oncoprotein β-catenin and cyclin D1, thereby

induce programmed necrosis of cancer cells (Kwak et al.,

2015). TNBC is particularly addicted to glutamine, which is

an essential nutrient that replenishes energy to cancer cells

(Edwards et al., 2021). Studies have shown that ginsenoside

CK targets glutamine metabolism and exerts anti-cancer

effects on high glutamine-dependent TNBC cells both in vitro

and in vivo. In particularly, ginsenoside CK decreased the

expression of glutaminase 1 (GLS1), resulting in reduced ATP

production, attenuated amino acid availability, causing oxidative

stress and TNBC cells growth inhibition and apoptosis (Zhang B.

et al., 2022).

Ginsenoside Rh2 Ginsenoside Rh2 has several

pharmacological activities, including improving cardiac

function, anti-inflammatory and anti-cancer effects (Liu T.

et al., 2022). It is reported that ginsenoside Rh2 mediates cell

cycle arrest and inhibits proliferation of BC cells (Oh et al., 1999;

Hu et al., 2021). Ginsenoside Rh2 can mediate G1/S cell cycle

FIGURE 1
Chemical structures of ginsenosides with anti-breast cancer activity. Glc, glucose. The chemical structures of the ginsenosides included in this
publication were obtained from pubchem, but ginsenoside Rp1 was drawn using the chemdraw program.
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arrest by activating p38 and decreasing cyclin D1 expression

(Peng et al., 2022). Moreover, ginsenoside Rh2 mediates

G1 phase arrest of BC cells, which is caused by p15 INK4B

and p27 kip1 dependent inhibition of CDKs/cyclin complex

(Choi et al., 2009). In addition, ginsenoside Rh2 can up-

regulate the phosphorylation levels of p53, p38 and ASK1

(apoptosis signal-regulating kinase 1), whereas down-regulate

the expression of TRAF2 (TNF receptor-associated factor 2),

thereby inhibiting the proliferation of BC cells (Ren et al., 2018).

It is reported that ginsenoside Rh2 can induce BC cells apoptosis

(Park et al., 2022). Studies have shown that ginsenoside Rh2 can

increase the expression of TNFα (tumor necrosis factor α) by up-
regulating ERβ (estrogen receptor β), which in turn induces

apoptosis of BC cells (Peng et al., 2022). Furthermore,

ginsenoside Rh2 induced apoptosis of BC cells was associated

with increased levels of pro-apoptotic proteins including Bak,

Bax and Bim, and decreased levels of anti-apoptotic proteins

including Bcl-2, Bcl-xL and Mcl-1 (Choi et al., 2011). On the

other hand, ginsenoside Rh2 shows the activity of inhibiting the

migration and invasion of cancer cells. In details, studies have

shown that ginsenoside Rh2 can inhibit migration and invasion

of BC cells promoted by the senescence-associated secretory

phenotype of BC cells and normal epithelial cells (Hou et al.,

2019).

Ginsenoside Rg3 Ginsenoside Rg3 has anti-cancer activity

and has been demonstrated in many types of cancer, including

BC (Liu M. Y. et al., 2021). It has been reported that two epimers

of ginsenoside Rg3, 20(S)-ginsenoside Rg3 (SRg3) and 20(R)-

ginsenoside Rg3 (RRg3), can inhibit the proliferation, migration

and invasion of BC cells, respectively (Nakhjavani et al., 2019). In

details, ginsenoside Rg3 can affect cell proliferation through a

variety of pathways, including inducing protein synthesis, cell

division, and inhibiting nuclear factor kappa-B (NF-κB)

signaling (Zou et al., 2018), among which, SRg3 inhibits BC

cells proliferation by arresting the cell cycle of G0/G1

(Nakhjavani et al., 2019). Furthermore, studies demonstrated

that SRg3 induces apoptosis of BC cells through classical

mitochondria-dependent caspase activation (Kim et al., 2013).

In details, SRg3 inhibits the phosphorylation of ERK and Akt, as

well as induces the instability of mutant p53, thereby blocking

NF-κB signal transduction, which in turn decreases the

expression of Bcl-2 and ultimately induces apoptosis of BC

cells (Kim et al., 2014). Moreover, ginsenoside Rg3 shows the

activity of inhibiting angiogenesis, driving autophagy, as well as

mitastasis of BC cells (Zhang et al., 2016). SRg3 inhibits the

expression of VEGFs and matrix metalloproteinases (MMPs),

which in turn suppresses angiogenesis, and further enhances the

autophagic process by inhibiting mTOR/PI3K/Akt and JNK/

Beclin-1 signaling pathways (Zhang et al., 2016). While

SRg3 can also target CXCR4 expression and function in

inhibiting the migration of BC cells (Chen et al., 2011). On

the other hand, ginsenoside Rg3 are able to reduce stem cell

properties and EMT to exert anti-cancer effects. Cancer stem cell

properties play critical roles in tumorigenesis, progression, and

therapy, and SRg3 inhibits self-renewal activity in breast stem-

like cancer cells by blocking Akt-induced HIF-1α activation and

inhibiting HIF-1α-regulated expression of Bmi-1 and Sox-2 (Oh

et al., 2019). Moreover, SRg3 inhibited PI3K/AKT pathway to

decrease the expression of cellular “stemness”, which in turn

reduced mammosphere formation efficiency (Nakhjavani et al.,

2021). And studies have shown that (S, R) Rg3 down-regulates

cancer “stemness” and EMT suppresses myeloid-derived

suppressor cell (MDSC) of BC cells, thereby exerting anti-

cancer effects (Song et al., 2020).

Anti-breast cancer activity of PPT types

PPT has anti-cancer biological activity, including BC (Yu

et al., 2018; Wang B. et al., 2020). For example, ginsenoside Re

has the activity of inhibiting the proliferation of BC cells, while

increasing the activity of cisplatin in a concentration-related

manner and improving its anti-proliferative effect on BC

(Aung et al., 2007).

Ginsenoside Rg1 Ginsenoside Rg1 is an effective anti-cancer

component in total ginsenosides (Li J. et al., 2014). It is reported

that ginsenoside Rg1 decreases cell viability, inhibits cell

proliferation, induces reactive oxygen species (ROS) thereby

drives apoptosis of BC cells (Chu et al., 2020). In details,

ginsenoside Rg1 induces apoptosis by generating ROS of BC

cells (Chu et al., 2020). On the other hand, ginsenoside

Rg1 shows the activity of suppressing invasion and migration

of BC cells. Studies have shown that ginsenoside Rg1 inhibits

PMA-induced MMP-9 expression by inhibiting NF-κB activity,

which in turn inhibits invasion and migration of BC cells (Li L.

et al., 2014). Moreover, ginsenoside Rg1 can down-regulate the

FIGURE 2
Anti-breast cancer effect of various ginsenosides.
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expression of angiogenesis and EMT markers, thereby functions

in inhibiting angiogenesis and EMT (Chu et al., 2020). Therefore,

we speculate that ginsenoside Rg1 has the effect of blocking BC

cells metastasis mediated by EMT.

Ginsenoside Rg2 Ginsenoside Rg2 has the functions of

enhancing memory, improving metabolism, protecting heart,

as well as anti-cancer (Liu X et al., 2022). It is reported that

ginsenoside Rg2 induces cell cycle arrest, inhibits proliferation

and drives apoptosis of BC cells (Jeon et al., 2021a). In details,

ginsenoside Rg2 can induce ROS production by inhibiting the

activation of ERK1/2 and Akt, which in turn inhibits

proliferation of BC cells, further arrest the cell cycle of

G1 and induce apoptosis of BC cells by promoting ROS-

mediated AMPK activation (Jeon et al., 2021b). In addition,

studies have shown that ginsenoside Rg2 can mediate the

activation of p53, which in turn induces the up-regulation of

AMPK, further functions in regulating apoptosis and autophagy

of BC cells (Chung et al., 2018).

Ginsenoside Rh1 Ginsenoside Rh1 is a metabolite of

ginsenoside Re and Rg1, and has been reported to possess

anti-allergic, anti-inflammatory, anti-aging, anti-oxidant and

anti-cancer activity (Lyu et al., 2019). It is reported that

ginsenoside Rh1 induces cell cycle arrest and drives apoptosis

of BC cells (Huynh et al., 2021; Jin et al., 2022). In details,

ginsenoside Rh1 induces cell cycle arrest, apoptosis, as well as

autophagy by inhibiting ROS mediated PI3K/Akt pathway

(Huynh et al., 2021). Moreover, ginsenoside Rh1 increases cell

cycle arrest and apoptosis by inducing mtROS (mitochondrial

ROS)-activated intracellular calcium accumulation and ER stress

signaling pathways (Jin et al., 2022). On the other hand, studies

have shown that ginsenoside Rh1 increases the production of

mtROS to induce mitochondrial dysfunction, thereby inhibiting

STAT/NF-κB signaling pathway, which in turn inhibits

migration, invasion of BC cells, as well as angiogenesis (Jin

et al., 2021).

Anti-breast cancer activity of other
ginsenosides

At present, rare ginsenosides such as Rg5, Rk1, Rh4 have also

begun to be extensively studied, which are the deglycosylated

forms of the main ginsenosides, and harvest greater drug

potential (Qi et al., 2011). Ginsenoside Rg5 is a minor

ginsenoside synthesized by deglycylation of ginsenoside

Rb1 and dehydration of the carbon at the 20-position of

ginsenoside Rg3 during ginsenoside cooking treatment, and

exhibits excellent anti-BC effect (Liu M. Y. et al., 2021).

Numerous studies have shown that ginsenoside Rg5 can

induce apoptotic death in BC cells, one by inhibiting the

PI3K/Akt/mTOR pathway and subsequently reducing Bad

phosphorylation (Liu and Fan 2018; Liu and Fan 2020), and

the other by regulating mitochondria-mediated pathway to

induce caspase-dependent apoptosis including caspase-3,

caspase-8, caspase-9 and Poly (ADP-ribose) polymerase

(PARP) (Kim and Kim 2015; Liu and Fan 2018; Liu and Fan

2020). Moreover, ginsenoside Rg5 can up-regulate the expression

of LC3-II, Beclin-1, Atg5 and Atg12 and down-regulate the

expression of p62, thereby inducing autophagy and promoting

BC cells death (Liu and Fan 2018; Liu and Fan 2020).

Ginsenoside Rg5 can also induce G0/G1 cell cycle arrest by

reducing the protein expression of cyclin D1, cyclin E2 and

CDK4, and increasing the expression of p15 ink 4B, p53 and

p21WAF1/CIP1, and subsequently inhibit the proliferation of BC

cells (Kim and Kim 2015). Ginsenoside Rk1 is derived from

ginsenoside Rg3 through a dehydration or heating process (Ryoo

et al., 2020). The study found that ginsenoside Rk1 can also

inhibit the growth of TNBC cells by inhibiting the expression of

cycle-related proteins, causing cells to arrest in G0/G1 phase

(Hong and Fan 2019). In addition, ginsenoside Rk1 can also

regulate the production of intracellular ROS and reduce

mitochondrial membrane potential, and then increase the

expression of Bax and cytochrome C, thereby inducing

apoptosis and death of TNBC cells (Hong and Fan 2019).

Ginsenoside Rh4 is produced by Rg1 and Re by restoring

antioxidant defense enzyme activity or inhibiting ROS

generation (Baek et al., 2017), and has been shown to have

inhibitory effects on the occurrence of colorectal cancer, lung

cancer and esophageal cancer (Baek et al., 1996). Daidi Fan’s

research shows that ginsenoside Rh4 can not only effectively

inhibit the proliferation of S-phase cells, but also induce

apoptosis by reducing Bcl-2, increasing Bax and activating

caspase-8, caspase-3 and PARP, thereby inhibiting BC cells

growth (Duan et al., 2018). On the other hand, ginsenoside

Rp1 is prepared from ginsenosides Rg5, Rk1, etc. through

reduction and hydrogenation reactions (Cho et al., 2001). It

has been reported that ginsenoside Rp1 can induce cell cycle

arrest and apoptosis of BC cells through inhibit the insulin-like

growth factor 1 receptor (IGF-1R)/Akt pathway (Kang et al.,

2011). In details, MCF-7 cells were arrested in G1 phase and

MDA-MB-231 and T-47D cells were arrested in G2/M phase. In

this study, Ju-Hee Kang et al. proposed that ginsenoside

Rp1 could be further investigated to inhibit metastasis of BC cells.

Anti-breast cancer activity of
ginsenosides mediated bymicroRNAs

MiRNAs are a group of endogenous noncoding RNAs that

regulate gene expression, ranging in size from 19 to

25 nucleotides (Lu and Rothenberg 2018). MiRNAs bind to

the 3′-UTR (untranslated region) of a specific target gene to

degrade mRNA or inhibit its protein translation (Lee and Dutta

2009). In general, miRNAs are aberrantly expressed in a variety

of cancers, oncogenic miRNAs are frequently overexpressed, and

tumor suppressor miRNAs are frequently downregulated
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TABLE 1 Inhibition of ginsenosides on breast cancer cells through inducing cell cycle arrest and apoptosis, inhibiting proliferation, migration,
invasion, autophagy, angiogenesis and EMT, etc.

Type of
ginsenoside

Physiological
effects

Cell lines Related signaling pathways References

Rh2 Arrest cell cycle MCF-7, MDA-MB-231 N/A (Choi et al., 2009; Peng et al., 2022)

Rg2 MCF-7 N/A (Jeon et al., 2021a; Jeon et al., 2021b)

Rh1 MCF-7, HCC1428;
MDA-MB-231

Inhibit ROS/PI3K/Akt pathway; Induce
intracellular calcium accumulation and
ER stress signaling pathways

(Huynh et al., 2021; Jin et al., 2022)

Rg5 MCF-7 N/A Kim and Kim (2015)

Rk1 MDA-MB-231 N/A Hong and Fan (2019)

Rp1 MCF-7, T-47D,
MDA-MB-231

Inhibit the IGF-1R/Akt pathway Kang et al. (2011)

F2 Inhibit proliferation CSCs N/A Mai et al. (2012)

Rd MCF-7; MDA-MB-231 Inhibit TRPM7 (Kim 2013; Liu H. et al., 2020)

CK MCF-7 Inhibit PI3K/Akt pathway Zhang and Li (2016)

Type of
ginsenoside

Physiological
effects

Cell lines Related signaling pathways References

Rh2 MCF-7, MDA-MB-231 N/A Ren et al. (2018)

Rg3 Induce apoptosis MDA-MB-231 N/A Nakhjavani et al. (2019)

Rg1 MDA-MB-231 N/A Chu et al. (2020)

Rg2 MCF-7 N/A (Jeon et al., 2021a; Jeon et al., 2021b)

Rh4 MCF-7 N/A Duan et al. (2018)

Rd MCF-7 N/A Kim (2013)

Rp1 MCF-7, T-47D,
MDA-MB-231

Inhibit the IGF-1R/Akt pathway Kang et al. (2011)

CK Inhibit proliferation MCF-7; TNBC cells
(MDA-MB-231, etc.)

Inhibit PI3K/Akt pathway (Zhang and Li 2016; Zhang B.
et al., 2022)

Rh2 MCF-7, MDA-MB-231 N/A (Choi et al., 2011; Peng et al., 2022)

Rg3 MDA-MB-231 Block NF-κB signal transduction (Kim et al., 2013; Kim et al., 2014)

Type of
ginsenoside

Physiological
effects

Cell lines Related signaling pathways References

Rg1 MDA-MB-231 N/A Chu et al. (2020)

Rg2 MCF-7 N/A (Jeon et al., 2021a; Jeon
et al., 2021b)

Rh1 MCF-7, HCC1428; MDA-
MB-231

Inhibit ROS/PI3K/Akt pathway; Induce
intracellular calcium accumulation and
ER stress signaling pathways

(Huynh et al., 2021; Jin
et al., 2022)

Rg5 MCF-7 Inhibit the PI3K/Akt/mTOR pathway;
Regulat mitochondria-mediated
pathway

(Kim and Kim 2015; Liu and
Fan 2018; Liu and
Fan 2020)

Rk1 MDA-MB-231 Inhibit ROS/PI3K/Akt pathway Hong and Fan (2019)

Rh4 MCF-7 N/A Duan et al. (2018)

Rd Inhibit migration and
invasion

4T1 (in vitro and in vivo) N/A Wang et al. (2016)

Rh2 MDA-MB-231 N/A Hou et al. (2019)

Rg3 MDA-MB-231 N/A Chen et al. (2011)

Type of
ginsenoside

Physiological
effects

Cell lines Related signaling pathways References

Rg1 MCF-7 Inhibit NF-κB activity Li J. et al. (2014)

(Continued on following page)
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(Fridrichova and Zmetakova 2019). A growing number of studies

have shown that some miRNAs are emerging as BC diagnostic,

prognostic and therapeutic biomarkers and control BC hallmark

functions, such as invasion, metastasis, proliferation and

apoptosis, etc (Bertoli et al., 2015; Xu et al., 2020). For

example, the miR-200 family is often present in BC cells as

tumor suppressors, regulating EMT by targeting the

transcriptional repressors ZEB1 and ZEB2, thereby inhibit the

metastasis and invasion of BC cells (Liu 2012).

It has also been reported that ginsenosides can inhibit the

occurrence and growth of cancer cells by targeting miRNAs

(Table 2). Studies have shown that ginsenoside Rh2 can inhibit

the proliferation of lung cancer cells and glioma cells by targeting

miR-491 and miR-128 (Wu et al., 2011; Chen et al., 2019).

Ginsenoside Rg3 regulates the expression of target genes by

targeting miRNAs including miR-4425, miR-603 and miR-

324-5p, which in turn inhibits ovarian cancer progression

(Zheng et al., 2018; Lu et al., 2019; Lu et al., 2020).

Ginsenosides Rh7 and Rg1 have been reported to inhibit the

progression of non-small cell lung cancer (NSCLC) by targeting

miR-212 and miR-126, respectively (Chen et al., 2021a; Chen

et al., 2022). In particularly, several studies clarify that

ginsenosides mediate the miRNAs expression profile of BC (Li

et al., 2020). For example, ginsenoside Rh2 can up-regulate

LncRNA STXBP5-AS1, whereas inhibit the level of miR-4425,

further reduce the expression of target gene RNF217, thereby

inhibit the growth of BC cells (Park et al., 2021). Ginsenoside

Rh2 can also down-regulate the expression of miR-3614-3p

mediated by CFAP20DC-AS1, and then reduce the expression

of BBX and TNFAIP3, thereby inducing apoptosis of BC cells

(Park et al., 2022). Moreover, ginsenoside Rh2 can reduce the

drug resistance of BC by targeting miR-222, miR-34a and miR-

29a to down-regulate the expression of target gene Bax (Wen

et al., 2015). According to reports, ginsenoside Rd can down-

regulate the expression of Smad2 by targeting miR-18a, thereby

inhibit the metastasis and invasion of BC cells (Wang et al.,

2016). Ginsenoside Rg3 can activate oncogenic CHRM3 and

DACH1 by downregulating ATXN8OS-mediated miR-424-5p,

thereby inhibiting BC cells proliferation (Kim et al., 2021). It has

been reported that ginsenosides Rg3 can block the occurrence of

EMT in ovarian cancer cells by targeting miR-145, which has

been shown to play an important role in inhibiting the migration

and invasion of BC cells by directly targeting the angiopoietin

2 gene (ANGPT2) of BC cells (Li et al., 2017; Liu et al., 2017; Jiang

et al., 2019; Tang et al., 2019). Therefore, we speculate that

ginsenoside Rg3 inhibits the growth of BC cells by regulating

miR-145, which needs further demonstrated.

It has been reported that ginsenosides Rg3 can block the

occurrence of EMT in ovarian cancer cells by targeting miR-145,

which has been shown to play an important role in inhibiting the

migration and invasion of BC cells by directly targeting the

angiopoietin 2 gene (ANGPT2) of BC cells (Li et al., 2017; Liu

et al., 2017; Jiang et al., 2019; Tang et al., 2019). Therefore, we

speculate that ginsenoside Rg3 inhibits the growth of BC cells by

regulating miR-145, which needs further demonstrated.

Moreover, ginsenoside Rg3 can improve gastric precancerous

lesions by targeting miR-21 (Liu W. et al., 2020), which has been

shown to regulate the proliferation and invasion of BC (Ali et al.,

2020) and TNBC cells (Fang et al., 2017). Afterwards, we

speculate that ginsenoside Rg3 targeting miR-21 to regulate

the growth of BC and TNBC requires more clinical studies.

Notably, targeting miR-126 expression has been shown to inhibit

PI3K/AKT signaling activity and thereby inhibit BC cells growth

(McGuire et al., 2015). Ginsenoside Rg1 can also inhibit NSCLC

by targeting miR-126 to inhibit the PI3K/AKT pathway (Chen

et al., 2022). Therefore, we speculate that ginsenoside Rg1 may

regulate the PI3K/AKT pathway by targeting miR-126, thereby

inhibiting the progression of BC, which needs more experiments

to confirm. Numerous studies have shown that ginsenoside

Rh2 can effectively inhibit IL-6-induced

TABLE 1 (Continued) Inhibition of ginsenosides on breast cancer cells through inducing cell cycle arrest and apoptosis, inhibiting proliferation,
migration, invasion, autophagy, angiogenesis and EMT, etc.

Type of
ginsenoside

Physiological
effects

Cell lines Related signaling pathways References

Rh1 Induce autophagy MDA-MB-231 Inhibit STAT/NF-κB signaling pathway Jin et al. (2021)
Rg3 MCF-7 Inhibit mTOR/PI3K/Akt and JNK/Beclin-1

signaling pathways
Zhang et al. (2016)

Rg2 MCF-7 N/A Chung et al. (2018)

Rh1 MCF-7, HCC1428 Inhibit ROS/PI3K/Akt pathway Huynh et al. (2021)

Rg5 MCF-7 N/A (Liu and Fan 2018; Liu and
Fan 2020)

Rd Inhibit angiogenesis
Inhibit EMT

MDA-MB-231 Inhibit Akt/Mtor/p70S6K pathway Zhang et al. (2017)

Rg3 MCF-7 N/A Zhang et al. (2016)

CK MCF-7 Inhibit PI3K/Akt pathway Zhang and Li (2016)

Rg3 MDSCs N/A Song et al. (2020)
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STAT3 phosphorylation and the expression of miR-214 in

cultured normal colonic epithelial cells to relieve ulcerative

colitis (Chen et al., 2021b). The regulation of miRNA-214 can

also inhibit the biological activity of breast cancer cells (Ouyang

et al., 2020). It can be speculated that ginsenoside Rh2 may

inhibit the growth of BC by targeting miRNA-214.

In conclusion, ginsenosides have great potential as broad-

spectrum anti-cancer drugs and effective chemosensitizers.

Future prospects

Currently, surgery, radiotherapy and chemotherapy are the

main methods used for clinical cancer treatment (Colli et al.,

2017). However, serious toxic and side effects of

chemoradiotherapy drugs and multidrug resistance (MDR)

interfered with therapeutic effect. (Colli et al., 2017).

Conversely, combination therapy can reduce the incidence of

drug resistance in cancer cells by targeting different pathways,

and can reduce toxicity by reducing the required dose of a single

drug (Aumeeruddy and Mahomoodally 2019). It is reported that

ginsenosides can inhibit the growth of cancer cells through

different pathways and can be used as adjuvant drugs to

suppress MDR and increase chemosensitivity (Hashemi et al.,

2021).

Recently, studies have confirmed that ginsenosides can be

used in combination with a variety of drugs to enhance the

inhibitory effect on cancer cells or increase the sensitivity to

traditional chemotherapy drugs (Choi et al., 2013). For example,

ginsenoside Rb1 and apatinib work synergistically to enhance the

inhibition of growth of pharyngeal cancer cells (Li Y. et al., 2022).

Combination therapy of ginsenoside Rg3 and chemotherapeutics

drugs against BC has been demonstrated. Such as, ginsenoside

Rg3 in combination with sorafenib has been shown to enhance

the inhibitory effect on hepatocellular carcinoma growth by

modulating HK2-mediated glycolysis and PI3K/Akt signaling

pathways (Wei et al., 2022), whereas in combination with

paclitaxel (PTX) and cisplatin (DDP) can enhance the anti-

esophageal squamous cell carcinoma effect (Chang et al.,

2014). Moreover, ginsenoside Rg3 also enhance the

chemotherapy sensitivity of DDP-resistant human lung cancer

cell and PTX-resistant TNBC by downregulating MDR-mediated

proteins (including P-glycoprotein (P-gp), multidrug resistance-

related protein (MPR1) and lung resistance protein 1 (LPR1))

(Liu et al., 2018) and inhibiting NF-κB signaling pathway,

respectively (Yuan et al., 2017). Another ginsenoside Rh2, has

been shown that in combination with regorafenib and more

effectively inhibit the proliferation of liver cancer cells by

regulating the expression of caspase-3 gene (Wang P. et al.,

2020). In consistently, ginsenoside Rh2 can also inhibit the

growth of human prostate cancer cells in combination with

1α, 25-dihydroxyvitamin D3 (Ben-Eltriki et al., 2021). In

addition, lower doses of ginsenoside Rh2 combined with

biotea protein A inhibited the proliferation, metastasis and

invasion of BC cells by upregulating the expression of p53,

p38 and ASK1, which was consistent with the effect of single

drug administration (Ren et al., 2018). While in vitro and in vivo

studies have shown that ginsenoside Rh2 can significantly

enhance the anti BC effect of doxorubicin and reduce

cardiotoxicity during the treatment phase (Hou et al., 2022).

Emerging studies demonstrate that multiple ginsenosides

exhibit significant anti-cancer activity in several cancers in vitro

and in vivo. In this review, we summarize the molecular

mechanisms of various ginsenosides in inhibiting BC,

including targeting miRNAs and their roles in inhibiting BC

cells proliferation, inducing cell cycle arrest and apoptosis,

inhibiting metastasis and invasion, and triggering autophagy

aspects of the role. In addition, ginsenosides can also be used in

combination with chemotherapeutic drugs to increase the

chemosensitivity of drug-resistant cancer cells and enhance

the anti-BC effect of chemotherapeutic drugs. In particular, a

variety of ginsenosides can exert anti-BC effects by targeting

miRNAs, among which ginsenoside Rh2 has been widely

identified. From this, we speculate that ginsenosides have

great potential as broad-spectrum anti-cancer drugs and

effective chemosensitizers. However, with the continuous

accumulation of evidence, more clinical studies are urgently

needed for ginsenosides in the anti-BC mechanism and in

improving oral bioavailability.

In summary, this review summarizes the molecular

mechanism of ginsenosides including PPD, PPT and other

three saponins inhibiting BC, among which the PPD type is

TABLE 2 Ginsenoside regulation of miRNAs in breast cancer.

Type of ginsenoside Type of cancer miRNAs miRNA targets References

Rh2 BC miR-4425↓ RNF217↓ Park et al. (2021)

BC miR-222↓ Bax↓ Wen et al. (2015)

BC miR-34a↓ Bax↓ Wen et al. (2015)

BC miR-29a↓ Bax↓ Wen et al. (2015)

BC miR-3614-3p↓ BBX and TNFAIP3↓ Park et al. (2022)

Rd BC miR-18a↓ Smad2↓ Wang et al. (2016)
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the most reported. Thus, ginsenosides have great potential as

broad-spectrum anti-BC drugs and effective chemosensitizers.

Author contributions

HL and DW Designed the review; MF, MS, XL, XF, and DS

contributed to the writing of the manuscirpt.

Funding

This work was supported by National Natural Science

Foundation of China (Grant No. 81903876), Jilin Provincial

Department of Education (JJKH20210982KJ), Jilin Province

Youth Science and Technology Talent Support Project

(2020025), Jilin Provincial Development and Reform

Commission Innovation Capacity Building Project (2021C035-

5), Jilin Province Science and Technology Development Plan

Project (20200708081YY).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.

References

Adams, R. H., and Alitalo, K. (2007). Molecular regulation of angiogenesis and
lymphangiogenesis. Nat. Rev. Mol. Cell. Biol. 8 (6), 464–478. doi:10.1038/nrm2183

Ali, S. A., Abdulrahman, Z. F. A., and Faraidun, H. N. (2020). Circulatory
miRNA-155, miRNA-21 target PTEN expression and activity as a factor in breast
cancer development. Cell. Mol. Biol. 66 (7), 44–50. doi:10.14715/cmb/2020.66.7.8

Aumeeruddy, M. Z., and Mahomoodally, M. F. (2019). Combating breast cancer
using combination therapy with 3 phytochemicals: Piperine, sulforaphane, and
thymoquinone. Cancer 125 (10), 1600–1611. doi:10.1002/cncr.32022

Aung, H. H., Mehendale, S. R., Wang, C. Z., Xie, J. T., McEntee, E., and Yuan, C. S.
(2007). Cisplatin’s tumoricidal effect on human breast carcinoma MCF-7 cells was
not attenuated by American ginseng. Cancer Chemother. Pharmacol. 59 (3),
369–374. doi:10.1007/s00280-006-0278-6

Baek, N. I., Kim, D. S., Lee, Y. H., Park, J. D., Lee, C. B., and Kim, S. I. (1996).
Ginsenoside Rh4, a genuine dammarane glycoside from Korean red ginseng. Planta
Med. 62 (1), 86–87. doi:10.1055/s-2006-957816

Baek, S. H., Shin, B. K., Kim, N. J., Chang, S. Y., and Park, J. H. (2017). Protective
effect of ginsenosides Rk3 and Rh4 on cisplatin-induced acute kidney injury in vitro
and in vivo. J. Ginseng Res. 41 (3), 233–239. doi:10.1016/j.jgr.2016.03.008

Ben-Eltriki, M., Deb, S., and Guns, E. S. T. (2021). 1α, 25-Dihydroxyvitamin D(3)
synergistically enhances anticancer effects of ginsenoside Rh2 in human prostate
cancer cells. J. Steroid Biochem. Mol. Biol. 209, 105828. doi:10.1016/j.jsbmb.2021.
105828

Bertoli, G., Cava, C., and Castiglioni, I. (2015). MicroRNAs: New biomarkers for
diagnosis, prognosis, therapy prediction and therapeutic tools for breast cancer.
Theranostics 5 (10), 1122–1143. doi:10.7150/thno.11543

Chang, L., Huo, B., Lv, Y., Wang, Y., and Liu, W. (2014). Ginsenoside
Rg3 enhances the inhibitory effects of chemotherapy on esophageal squamous
cell carcinoma in mice. Mol. Clin. Oncol. 2 (6), 1043–1046. doi:10.3892/mco.
2014.355

Changizi, V., Gharekhani, V., and Motavaseli, E. (2021). Co-Treatment with
ginsenoside 20(S)-Rg3 and curcumin increases radiosensitivity of MDA-MB-
231 cancer cell line. Iran. J. Med. Sci. 46 (4), 291–297. doi:10.30476/ijms.2020.
83977.1334

Chen, P., Li, X., Yu, X., and Yang, M. (2022). Ginsenoside Rg1 suppresses non-
small-cell lung cancer via MicroRNA-126-PI3K-AKT-mTOR pathway. Evid. Based.
Complement. Altern. Med. 2022, 1244836. doi:10.1155/2022/1244836

Chen, X., Liu, W., and Liu, B. (2021a). Ginsenoside Rh7 suppresses proliferation,
migration and invasion of NSCLC cells through targeting ILF3-AS1 mediated miR-
212/SMAD1 Axis. Front. Oncol. 11, 656132. doi:10.3389/fonc.2021.656132

Chen, X. P., Qian, L. L., Jiang, H., and Chen, J. H. (2011). Ginsenoside Rg3 inhibits
CXCR4 expression and related migrations in a breast cancer cell line. Int. J. Clin.
Oncol. 16 (5), 519–523. doi:10.1007/s10147-011-0222-6

Chen, X., Xu, T., Lv, X., Zhang, J., and Liu, S. (2021b). Ginsenoside Rh2 alleviates
ulcerative colitis by regulating the STAT3/miR-214 signaling pathway.
J. Ethnopharmacol. 274, 113997. doi:10.1016/j.jep.2021.113997

Chen, Y., Zhang, Y., Song, W., Zhang, Y., Dong, X., and Tan, M. (2019).
Ginsenoside Rh2 inhibits migration of lung cancer cells under hypoxia via mir-
491. Anticancer. Agents Med. Chem. 19 (13), 1633–1641. doi:10.2174/
1871520619666190704165205

Cho, J. Y., Yoo, E. S., Baik, K. U., Park, M. H., and Han, B. H. (2001). In vitro
inhibitory effect of protopanaxadiol ginsenosides on tumor necrosis factor (TNF)-
alpha production and its modulation by known TNF-alpha antagonists. Planta
Med. 67 (3), 213–218. doi:10.1055/s-2001-12005

Choi, J. S., Chun, K. S., Kundu, J., and Kundu, J. K. (2013). Biochemical basis of
cancer chemoprevention and/or chemotherapy with ginsenosides (Review). Int.
J. Mol. Med. 32 (6), 1227–1238. doi:10.3892/ijmm.2013.1519

Choi, S., Kim, T. W., and Singh, S. V. (2009). Ginsenoside Rh2-mediated
G1 phase cell cycle arrest in human breast cancer cells is caused by p15 Ink4B
and p27 Kip1-dependent inhibition of cyclin-dependent kinases. Pharm. Res. 26
(10), 2280–2288. doi:10.1007/s11095-009-9944-9

Choi, S., Oh, J. Y., and Kim, S. J. (2011). Ginsenoside Rh2 induces Bcl-2 family
proteins-mediated apoptosis in vitro and in xenografts in vivo models. J. Cell.
Biochem. 112 (1), 330–340. doi:10.1002/jcb.22932

Chu, Y., Zhang, W., Kanimozhi, G., Brindha, G. R., and Tian, D. (2020).
Ginsenoside Rg1 induces apoptotic cell death in triple-negative breast cancer
cell lines and prevents carcinogen-induced breast tumorigenesis in sprague
dawley rats. Evid. Based. Complement. Altern. Med. 2020, 8886955. doi:10.1155/
2020/8886955

Chung, Y., Jeong, S., Choi, H. S., Ro, S., Lee, J. S., and Park, J. K. (2018).
Upregulation of autophagy by ginsenoside Rg2 in MCF-7 cells. Anim. Cells Syst. 22
(6), 382–389. doi:10.1080/19768354.2018.1545696

Colli, L. M., Machiela, M. J., Zhang, H., Myers, T. A., Jessop, L., Delattre, O., et al.
(2017). Landscape of combination immunotherapy and targeted therapy to
improve cancer management. Cancer Res. 77 (13), 3666–3671. doi:10.1158/
0008-5472.CAN-16-3338

Duan, Z., Wei, B., Deng, J., Mi, Y., Dong, Y., Zhu, C., et al. (2018). The anti-tumor
effect of ginsenoside Rh4 in MCF-7 breast cancer cells in vitro and in vivo. Biochem.
Biophys. Res. Commun. 499 (3), 482–487. doi:10.1016/j.bbrc.2018.03.174

Edwards, D. N., Ngwa, V. M., Raybuck, A. L., Wang, S., Hwang, Y., Kim, L. C.,
et al. (2021). Selective glutamine metabolism inhibition in tumor cells improves
antitumor T lymphocyte activity in triple-negative breast cancer. J. Clin. Invest. 131
(4), 140100. doi:10.1172/JCI140100

Fang, H., Xie, J., Zhang, M., Zhao, Z., Wan, Y., and Yao, Y. (2017). miRNA-21
promotes proliferation and invasion of triple-negative breast cancer cells through
targeting PTEN. Am. J. Transl. Res. 9 (3), 953–961.

Frontiers in Pharmacology frontiersin.org09

Fan et al. 10.3389/fphar.2022.1033017

https://doi.org/10.1038/nrm2183
https://doi.org/10.14715/cmb/2020.66.7.8
https://doi.org/10.1002/cncr.32022
https://doi.org/10.1007/s00280-006-0278-6
https://doi.org/10.1055/s-2006-957816
https://doi.org/10.1016/j.jgr.2016.03.008
https://doi.org/10.1016/j.jsbmb.2021.105828
https://doi.org/10.1016/j.jsbmb.2021.105828
https://doi.org/10.7150/thno.11543
https://doi.org/10.3892/mco.2014.355
https://doi.org/10.3892/mco.2014.355
https://doi.org/10.30476/ijms.2020.83977.1334
https://doi.org/10.30476/ijms.2020.83977.1334
https://doi.org/10.1155/2022/1244836
https://doi.org/10.3389/fonc.2021.656132
https://doi.org/10.1007/s10147-011-0222-6
https://doi.org/10.1016/j.jep.2021.113997
https://doi.org/10.2174/1871520619666190704165205
https://doi.org/10.2174/1871520619666190704165205
https://doi.org/10.1055/s-2001-12005
https://doi.org/10.3892/ijmm.2013.1519
https://doi.org/10.1007/s11095-009-9944-9
https://doi.org/10.1002/jcb.22932
https://doi.org/10.1155/2020/8886955
https://doi.org/10.1155/2020/8886955
https://doi.org/10.1080/19768354.2018.1545696
https://doi.org/10.1158/0008-5472.CAN-16-3338
https://doi.org/10.1158/0008-5472.CAN-16-3338
https://doi.org/10.1016/j.bbrc.2018.03.174
https://doi.org/10.1172/JCI140100
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1033017


Fridrichova, I., and Zmetakova, I. (2019). MicroRNAs contribute to breast cancer
invasiveness. Cells 8 (11), E1361. doi:10.3390/cells8111361

Hashemi, F., Zarrabi, A., Zabolian, A., Saleki, H., Farahani, M. V., Sharifzadeh, S.
O., et al. (2021). Novel strategy in breast cancer therapy: Revealing the bright side of
ginsenosides. Curr. Mol. Pharmacol. 14 (6), 1093–1111. doi:10.2174/
1874467214666210120153348

He, B., Chen, D., Zhang, X., Yang, R., Yang, Y., Chen, P., et al. (2022). Oxidative
stress and ginsenosides: An update on the molecular mechanisms. Oxid. Med. Cell.
Longev. 2022, 9299574. doi:10.1155/2022/9299574

Hobbs, E. A., Chen, N., Kuriakose, A., Bonefas, E., and Lim, B. (2022).
Prognostic/predictive markers in systemic therapy resistance and metastasis
in breast cancer. Ther. Adv. Med. Oncol. 14, 17588359221112698. doi:10.1177/
17588359221112698

Hong, H., Baatar, D., and Hwang, S. G. (2021). Anticancer activities of
ginsenosides, the main active components of ginseng. Evid. Based. Complement.
Altern. Med. 2021, 8858006. doi:10.1155/2021/8858006

Hong, Y., and Fan, D. (2019). Ginsenoside Rk1 induces cell cycle arrest and
apoptosis in MDA-MB-231 triple negative breast cancer cells. Toxicology 418,
22–31. doi:10.1016/j.tox.2019.02.010

Hou, J. G., Jeon, B. M., Yun, Y. J., Cui, C. H., and Kim, S. C. (2019). Ginsenoside
Rh2 ameliorates doxorubicin-induced senescence bystander effect in breast
carcinoma cell MDA-MB-231 and normal epithelial cell MCF-10a. Int. J. Mol.
Sci. 20 (5), E1244. doi:10.3390/ijms20051244

Hou, J., Yun, Y., Cui, C., and Kim, S. (2022). Ginsenoside Rh2 mitigates
doxorubicin-induced cardiotoxicity by inhibiting apoptotic and inflammatory
damage and weakening pathological remodelling in breast cancer-bearing mice.
Cell. Prolif. 55 (6), e13246. doi:10.1111/cpr.13246

Hou, M., Wang, R., Zhao, S., and Wang, Z. (2021). Ginsenosides in Panax genus
and their biosynthesis. Acta Pharm. Sin. B 11 (7), 1813–1834. doi:10.1016/j.apsb.
2020.12.017

Hu, C., Yang, L., Wang, Y., Zhou, S., Luo, J., and Gu, Y. (2021). Ginsenoside
Rh2 reduces m6A RNA methylation in cancer via the KIF26B-SRF positive
feedback loop. J. Ginseng Res. 45 (6), 734–743. doi:10.1016/j.jgr.2021.05.004

Hu, X., Zhang, Q., Xing, W., and Wang, W. (2022). Role of microRNA/lncRNA
intertwined with the wnt/β-catenin Axis in regulating the pathogenesis of triple-
negative breast cancer. Front. Pharmacol. 13, 814971. doi:10.3389/fphar.2022.
814971

Huynh, D. T. N., Jin, Y., Myung, C. S., and Heo, K. S. (2021). Ginsenoside
Rh1 induces MCF-7 cell apoptosis and autophagic cell death through ROS-
mediated Akt signaling. Cancers (Basel) 13 (8), 1892. doi:10.3390/cancers13081892

Iorio, M. V., Ferracin, M., Liu, C. G., Veronese, A., Spizzo, R., Sabbioni, S., et al.
(2005). MicroRNA gene expression deregulation in human breast cancer. Cancer
Res. 65 (16), 7065–7070. doi:10.1158/0008-5472.CAN-05-1783

Jeon, H., Huynh, D. T. N., Baek, N., Nguyen, T. L. L., and Heo, K. S. (2021b).
Ginsenoside-Rg2 affects cell growth via regulating ROS-mediated AMPK activation
and cell cycle in MCF-7 cells. Phytomedicine. 85, 153549. doi:10.1016/j.phymed.
2021.153549

Jeon, H., Jin, Y., Myung, C. S., and Heo, K. S. (2021a). Ginsenoside-Rg2 exerts
anti-cancer effects through ROS-mediated AMPK activation associated
mitochondrial damage and oxidation in MCF-7 cells. Arch. Pharm. Res. 44 (7),
702–712. doi:10.1007/s12272-021-01345-3

Jiang, Y., Wang, D., Ren, H., Shi, Y., and Gao, Y. (2019). MiR-145-targeted
HBXIP modulates human breast cancer cell proliferation. Thorac. Cancer 10 (1),
71–77. doi:10.1111/1759-7714.12903

Jin, X., Yang, Q., and Cai, N. (2018). Preparation of ginsenoside compound-K
mixed micelles with improved retention and antitumor efficacy. Int.
J. Nanomedicine 13, 3827–3838. doi:10.2147/IJN.S167529

Jin, Y., Huynh, D. T. N., and Heo, K. S. (2022). Ginsenoside Rh1 inhibits tumor
growth in MDA-MB-231 breast cancer cells via mitochondrial ROS and ER stress-
mediated signaling pathway. Arch. Pharm. Res. 45 (3), 174–184. doi:10.1007/
s12272-022-01377-3

Jin, Y., Huynh, D. T. N., Myung, C. S., and Heo, K. S. (2021). Ginsenoside
Rh1 prevents migration and invasion through mitochondrial ROS-mediated
inhibition of STAT3/NF-κB signaling in MDA-MB-231 cells. Int. J. Mol. Sci. 22
(19), 10458. doi:10.3390/ijms221910458

Jin, Y., Huynh, D. T. N., Nguyen, T. L. L., Jeon, H., and Heo, K. S. (2020).
Therapeutic effects of ginsenosides on breast cancer growth and metastasis. Arch.
Pharm. Res. 43 (8), 773–787. doi:10.1007/s12272-020-01265-8

Kang, J. H., Song, K. H., Woo, J. K., Park, M. H., Rhee, M. H., Choi, C., et al.
(2011). Ginsenoside Rp1 from Panax ginseng exhibits anti-cancer activity by down-
regulation of the IGF-1R/Akt pathway in breast cancer cells. Plant Foods Hum.
Nutr. 66 (3), 298–305. doi:10.1007/s11130-011-0242-4

Karami Fath, M., Azargoonjahromi, A., Kiani, A., Jalalifar, F., Osati, P., Akbari
Oryani, M., et al. (2022). The role of epigenetic modifications in drug resistance and
treatment of breast cancer. Cell. Mol. Biol. Lett. 27 (1), 52. doi:10.1186/s11658-022-
00344-6

Kim, B. J. (2013). Involvement of melastatin type transient receptor potential
7 channels in ginsenoside Rd-induced apoptosis in gastric and breast cancer cells.
J. Ginseng Res. 37 (2), 201–209. doi:10.5142/jgr.2013.37.201

Kim, B. M., Kim, D. H., Park, J. H., Na, H. K., and Surh, Y. J. (2013). Ginsenoside
Rg3 induces apoptosis of human breast cancer (MDA-MB-231) cells. J. Cancer Prev.
18 (2), 177–185. doi:10.15430/jcp.2013.18.2.177

Kim, B. M., Kim, D. H., Park, J. H., Surh, Y. J., and Na, H. K. (2014). Ginsenoside
Rg3 inhibits constitutive activation of NF-κB signaling in human breast cancer
(MDA-MB-231) cells: ERK and Akt as potential upstream targets. J. Cancer Prev. 19
(1), 23–30. doi:10.15430/jcp.2014.19.1.23

Kim, H., Ji, H. W., Kim, H. W., Yun, S. H., Park, J. E., and Kim, S. J. (2021).
Ginsenoside Rg3 prevents oncogenic long noncoding RNA ATXN8OS from
inhibiting tumor-suppressive microRNA-424-5p in breast cancer cells.
Biomolecules 11 (1), 118. doi:10.3390/biom11010118

Kim, S. J., and Kim, A. K. (2015). Anti-breast cancer activity of fine black ginseng
(Panax ginseng meyer) and ginsenoside Rg5. J. Ginseng Res. 39 (2), 125–134. doi:10.
1016/j.jgr.2014.09.003

Kwak, C. W., Son, Y. M., Gu, M. J., Kim, G., Lee, I. K., Kye, Y. C., et al. (2015). A
bacterial metabolite, compound K, induces programmed necrosis in MCF-7 cells
via GSK3β. J. Microbiol. Biotechnol. 25 (7), 1170–1176. doi:10.4014/jmb.1505.05057

Lahiani, M. H., Eassa, S., Parnell, C., Nima, Z., Ghosh, A., Biris, A. S., et al. (2017).
Carbon nanotubes as carriers of Panax ginseng metabolites and enhancers of
ginsenosides Rb1 and Rg1 anti-cancer activity. Nanotechnology 28 (1), 015101.
doi:10.1088/0957-4484/28/1/015101

Lee, Y. S., and Dutta, A. (2009). MicroRNAs in cancer. Annu. Rev. Pathol. 4,
199–227. doi:10.1146/annurev.pathol.4.110807.092222

Li, J., Huang, Q., Yao, Y., Ji, P., Mingyao, E., Chen, J., et al. (2022).
Biotransformation, pharmacokinetics, and pharmacological activities of
ginsenoside Rd against multiple diseases. Front. Pharmacol. 13, 909363. doi:10.
3389/fphar.2022.909363

Li, J., Lu, J., Ye, Z., Han, X., Zheng, X., Hou, H., et al. (2017). 20(S)-Rg3 blocked
epithelial-mesenchymal transition through DNMT3A/miR-145/FSCN1 in ovarian
cancer. Oncotarget 8 (32), 53375–53386. doi:10.18632/oncotarget.18482

Li, J., Wei, Q., Zuo, G. W., Xia, J., You, Z. M., Li, C. L., et al. (2014). Ginsenoside
Rg1 induces apoptosis through inhibition of the EpoR-mediated JAK2/
STAT5 signalling pathway in the TF-1/Epo human leukemia cell line. Asian
pac. J. Cancer Prev. 15 (6), 2453–2459. doi:10.7314/apjcp.2014.15.6.2453

Li, L., Wang, Y., Qi, B., Yuan, D., Dong, S., Guo, D., et al. (2014). Suppression of
PMA-induced tumor cell invasion and migration by ginsenoside Rg1 via the
inhibition of NF-κB-dependent MMP-9 expression. Oncol. Rep. 32 (5),
1779–1786. doi:10.3892/or.2014.3422

Li, X., Chu, S., Lin, M., Gao, Y., Liu, Y., Yang, S., et al. (2020). Anticancer property
of ginsenoside Rh2 from ginseng. Eur. J. Med. Chem. 203, 112627. doi:10.1016/j.
ejmech.2020.112627

Li, Y., He, F., Zhang, Y., and Pan, Z. (2022). Apatinib and ginsenoside-Rb1
synergetically control the growth of hypopharyngeal carcinoma cells. Dis. Markers
2022, 3833489. doi:10.1155/2022/3833489

Liu, C., Gong, Q., Chen, T., Lv, J., Feng, Z., Liu, P., et al. (2018). Treatment with
20(S)-ginsenoside Rg3 reverses multidrug resistance in A549/DDP xenograft
tumors. Oncol. Lett. 15 (4), 4376–4382. doi:10.3892/ol.2018.7849

Liu, G., Zhang, J., Sun, F., Ma, J., and Qi, X. (2022). Ginsenoside Rg2 attenuated
trastuzumab-induced cardiotoxicity in rats. Biomed. Res. Int. 2022, 8866660. doi:10.
1155/2022/8866660

Liu, H., Dilger, J. P., and Lin, J. (2020). The role of transient receptor potential
melastatin 7 (TRPM7) in cell viability: A potential target to suppress breast cancer
cell cycle. Cancers (Basel) 12 (1), E131. doi:10.3390/cancers12010131

Liu, H. (2012). MicroRNAs in breast cancer initiation and progression. Cell. Mol.
Life Sci. 69 (21), 3587–3599. doi:10.1007/s00018-012-1128-9

Liu, J., Wang, Y., Yu, Z., Lv, G., Huang, X., Lin, H., et al. (2022). Functional
mechanism of ginsenoside compound K on tumor growth and metastasis. Integr.
Cancer Ther. 21, 15347354221101203. doi:10.1177/15347354221101203

Liu, L., Wang, H., Chai, X., Meng, Q., Jiang, S., and Zhao, F. (2022). Advances in
biocatalytic synthesis, pharmacological activities, pharmaceutical preparation and
metabolism of ginsenoside Rh2. Mini Rev. Med. Chem. 22 (3), 437–448. doi:10.
2174/1389557521666210913114631

Liu, M. Y., Liu, F., Gao, Y. L., Yin, J. N., Yan, W. Q., Liu, J. G., et al. (2021).
Pharmacological activities of ginsenoside Rg5 (review). Exp. Ther. Med. 22 (2), 840.
doi:10.3892/etm.2021.10272

Frontiers in Pharmacology frontiersin.org10

Fan et al. 10.3389/fphar.2022.1033017

https://doi.org/10.3390/cells8111361
https://doi.org/10.2174/1874467214666210120153348
https://doi.org/10.2174/1874467214666210120153348
https://doi.org/10.1155/2022/9299574
https://doi.org/10.1177/17588359221112698
https://doi.org/10.1177/17588359221112698
https://doi.org/10.1155/2021/8858006
https://doi.org/10.1016/j.tox.2019.02.010
https://doi.org/10.3390/ijms20051244
https://doi.org/10.1111/cpr.13246
https://doi.org/10.1016/j.apsb.2020.12.017
https://doi.org/10.1016/j.apsb.2020.12.017
https://doi.org/10.1016/j.jgr.2021.05.004
https://doi.org/10.3389/fphar.2022.814971
https://doi.org/10.3389/fphar.2022.814971
https://doi.org/10.3390/cancers13081892
https://doi.org/10.1158/0008-5472.CAN-05-1783
https://doi.org/10.1016/j.phymed.2021.153549
https://doi.org/10.1016/j.phymed.2021.153549
https://doi.org/10.1007/s12272-021-01345-3
https://doi.org/10.1111/1759-7714.12903
https://doi.org/10.2147/IJN.S167529
https://doi.org/10.1007/s12272-022-01377-3
https://doi.org/10.1007/s12272-022-01377-3
https://doi.org/10.3390/ijms221910458
https://doi.org/10.1007/s12272-020-01265-8
https://doi.org/10.1007/s11130-011-0242-4
https://doi.org/10.1186/s11658-022-00344-6
https://doi.org/10.1186/s11658-022-00344-6
https://doi.org/10.5142/jgr.2013.37.201
https://doi.org/10.15430/jcp.2013.18.2.177
https://doi.org/10.15430/jcp.2014.19.1.23
https://doi.org/10.3390/biom11010118
https://doi.org/10.1016/j.jgr.2014.09.003
https://doi.org/10.1016/j.jgr.2014.09.003
https://doi.org/10.4014/jmb.1505.05057
https://doi.org/10.1088/0957-4484/28/1/015101
https://doi.org/10.1146/annurev.pathol.4.110807.092222
https://doi.org/10.3389/fphar.2022.909363
https://doi.org/10.3389/fphar.2022.909363
https://doi.org/10.18632/oncotarget.18482
https://doi.org/10.7314/apjcp.2014.15.6.2453
https://doi.org/10.3892/or.2014.3422
https://doi.org/10.1016/j.ejmech.2020.112627
https://doi.org/10.1016/j.ejmech.2020.112627
https://doi.org/10.1155/2022/3833489
https://doi.org/10.3892/ol.2018.7849
https://doi.org/10.1155/2022/8866660
https://doi.org/10.1155/2022/8866660
https://doi.org/10.3390/cancers12010131
https://doi.org/10.1007/s00018-012-1128-9
https://doi.org/10.1177/15347354221101203
https://doi.org/10.2174/1389557521666210913114631
https://doi.org/10.2174/1389557521666210913114631
https://doi.org/10.3892/etm.2021.10272
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1033017


Liu, S. Y., Li, X. Y., Chen, W. Q., Hu, H., Luo, B., Shi, Y. X., et al. (2017).
Demethylation of the MIR145 promoter suppresses migration and invasion in
breast cancer. Oncotarget 8 (37), 61731–61741. doi:10.18632/oncotarget.18686

Liu, T., Zhu, L., and Wang, L. (2022). A narrative review of the pharmacology of
ginsenoside compound K. Ann. Transl. Med. 10 (4), 234. doi:10.21037/atm-22-501

Liu, W., Pan, H. F., Yang, L. J., Zhao, Z. M., Yuan, D. S., Liu, Y. L., et al. (2020).
Panax ginseng C.A. Meyer (Rg3) ameliorates gastric precancerous lesions in
Atp4a(-/-) mice via inhibition of glycolysis through PI3K/AKT/miRNA-
21 pathway. Evid. Based. Complement. Altern. Med. 2020, 2672648. doi:10.1155/
2020/2672648

Liu, X., Papukashvili, D., Wang, Z., Liu, Y., Chen, X., Li, J., et al. (2022). Potential
utility of miRNAs for liquid biopsy in breast cancer. Front. Oncol. 12, 940314.
doi:10.3389/fonc.2022.940314

Liu, Y., and Fan, D. (2018). Ginsenoside Rg5 induces apoptosis and autophagy via
the inhibition of the PI3K/Akt pathway against breast cancer in a mouse model.
Food Funct. 9 (11), 5513–5527. doi:10.1039/c8fo01122b

Liu, Y., and Fan, D. (2020). The preparation of ginsenoside Rg5, its antitumor
activity against breast cancer cells and its targeting of PI3K. Nutrients 12 (1), E246.
doi:10.3390/nu12010246

Liu, Z., Liu, T., Li, W., Li, J., Wang, C., and Zhang, K. (2021). Insights into the
antitumor mechanism of ginsenosides Rg3. Mol. Biol. Rep. 48 (3), 2639–2652.
doi:10.1007/s11033-021-06187-2

Lu, J., Wang, L., Chen, W., Wang, Y., Zhen, S., Chen, H., et al. (2019). miR-603
targeted hexokinase-2 to inhibit the malignancy of ovarian cancer cells. Arch.
Biochem. Biophys. 661, 1–9. doi:10.1016/j.abb.2018.10.014

Lu, J., Zhou, Y., Zheng, X., Chen, L., Tuo, X., Chen, H., et al. (2020). 20(S)-
Rg3 upregulates FDFT1 via reducing miR-4425 to inhibit ovarian cancer
progression. Arch. Biochem. Biophys. 693, 108569. doi:10.1016/j.abb.2020.108569

Lu, T. X., and Rothenberg, M. E. (2018). MicroRNA. J. Allergy Clin. Immunol. 141
(4), 1202–1207. doi:10.1016/j.jaci.2017.08.034

Lyu, X., Xu, X., Song, A., Guo, J., Zhang, Y., and Zhang, Y. (2019). Ginsenoside
Rh1 inhibits colorectal cancer cell migration and invasion in vitro and tumor
growth in vivo. Oncol. Lett. 18 (4), 4160–4166. doi:10.3892/ol.2019.10742

Mai, T. T., Moon, J., Song, Y., Viet, P. Q., Phuc, P. V., Lee, J. M., et al. (2012).
Ginsenoside F2 induces apoptosis accompanied by protective autophagy in breast
cancer stem cells. Cancer Lett. 321 (2), 144–153. doi:10.1016/j.canlet.2012.01.045

McGuire, A., Brown, J. A., and Kerin, M. J. (2015). Metastatic breast cancer: The
potential of miRNA for diagnosis and treatment monitoring. Cancer Metastasis Rev.
34 (1), 145–155. doi:10.1007/s10555-015-9551-7

Meng, H., Liu, X. K., Li, J. R., Bao, T. Y., and Yi, F. (2022). Bibliometric analysis of
the effects of ginseng on skin. J. Cosmet. Dermatol. 21 (1), 99–107. doi:10.1111/jocd.
14450

Nakhjavani, M., Palethorpe, H. M., Tomita, Y., Smith, E., Price, T. J., Yool, A. J.,
et al. (2019). Stereoselective anti-cancer activities of ginsenoside Rg3 on triple
negative breast cancer cell models. Pharm. (Basel) 12 (3), E117. doi:10.3390/
ph12030117

Nakhjavani, M., Smith, E., Palethorpe, H. M., Tomita, Y., Yeo, K., Price, T. J., et al.
(2021). Anti-cancer effects of an optimised combination of ginsenoside Rg3 epimers
on triple negative breast cancer models. Pharm. (Basel) 14 (7), 633. doi:10.3390/
ph14070633

Oh, J., Yoon, H. J., Jang, J. H., Kim, D. H., and Surh, Y. J. (2019). The standardized
Korean Red Ginseng extract and its ingredient ginsenoside Rg3 inhibit
manifestation of breast cancer stem cell-like properties through modulation of
self-renewal signaling. J. Ginseng Res. 43 (3), 421–430. doi:10.1016/j.jgr.2018.05.004

Oh, M., Choi, Y. H., Choi, S., Chung, H., Kim, K., Kim, S. I., et al. (1999). Anti-
proliferating effects of ginsenoside Rh2 on MCF-7 human breast cancer cells. Int.
J. Oncol. 14 (5), 869–875. doi:10.3892/ijo.14.5.869

Ouyang, Q., Cui, Y., Yang, S., Wei, W., Zhang, M., Zeng, J., et al. (2020). lncRNA
MT1JP suppresses biological activities of breast cancer cells in vitro and in vivo by
regulating the miRNA-214/RUNX3 Axis. Onco. Targets. Ther. 13, 5033–5046.
doi:10.2147/OTT.S241503

Pan, W., Xue, B., Yang, C., Miao, L., Zhou, L., Chen, Q., et al. (2018).
Biopharmaceutical characters and bioavailability improving strategies of
ginsenosides. Fitoterapia 129, 272–282. doi:10.1016/j.fitote.2018.06.001

Park, J. E., Ji, H. W., Kim, H. W., Baek, M., Jung, S., and Kim, S. J. (2022).
Ginsenoside Rh2 regulates the cfap20dc-AS1/MicroRNA-3614-3p/BBX and
TNFAIP3 Axis to induce apoptosis in breast cancer cells. Am. J. Chin. Med. 50
(6), 1703–1717. doi:10.1142/S0192415X22500720

Park, J. E., Kim, H. W., Yun, S. H., and Kim, S. J. (2021). Ginsenoside
Rh2 upregulates long noncoding RNA STXBP5-AS1 to sponge microRNA-4425
in suppressing breast cancer cell proliferation. J. Ginseng Res. 45 (6), 754–762.
doi:10.1016/j.jgr.2021.08.006

Peng, K., Luo, T., Li, J., Huang, J., Dong, Z., Liu, J., et al. (2022). Ginsenoside
Rh2 inhibits breast cancer cell growth viaERβ-TNFα pathway. Shanghai): Acta
Biochim Biophys Sin.

Qi, L. W., Wang, C. Z., and Yuan, C. S. (2011). Ginsenosides from American
ginseng: Chemical and pharmacological diversity. Phytochemistry 72 (8), 689–699.
doi:10.1016/j.phytochem.2011.02.012

Qiu, D., Zhang, G., Yan, X., Xiao, X., Ma, X., Lin, S., et al. (2021). Prospects of
immunotherapy for triple-negative breast cancer. Front. Oncol. 11, 797092. doi:10.
3389/fonc.2021.797092

Ren, G., Shi, Z., Teng, C., and Yao, Y. (2018). Antiproliferative activity of
combined biochanin A and ginsenoside Rh₂ on MDA-MB-231 and MCF-7
human breast cancer cells. Molecules 23 (11), E2908. doi:10.3390/
molecules23112908

Ryoo, N., Rahman, M. A., Hwang, H., Ko, S. K., Nah, S. Y., Kim, H. C., et al.
(2020). Ginsenoside Rk1 is a novel inhibitor of NMDA receptors in cultured rat
hippocampal neurons. J. Ginseng Res. 44 (3), 490–495. doi:10.1016/j.jgr.2019.
04.002

Shekari, N., Asadi, M., Akbari, M., Baradaran, B., Zarredar, H., Mohaddes-
Gharamaleki, F., et al. (2022). Autophagy-regulating microRNAs: Two-sided coin
in the therapies of breast cancer. Eur. Rev. Med. Pharmacol. Sci. 26 (4), 1268–1282.
doi:10.26355/eurrev_202202_28120

Song, J. H., Eum, D. Y., Park, S. Y., Jin, Y. H., Shim, J. W., Park, S. J., et al. (2020).
Inhibitory effect of ginsenoside Rg3 on cancer stemness and mesenchymal
transition in breast cancer via regulation of myeloid-derived suppressor cells.
PLoS One 15 (10), e0240533. doi:10.1371/journal.pone.0240533

Song, X., Wang, L., and Fan, D. (2022). Insights into recent studies on
biotransformation and pharmacological activities of ginsenoside Rd.
Biomolecules 12 (4), 512. doi:10.3390/biom12040512

Tang, W., Zhang, X., Tan, W., Gao, J., Pan, L., Ye, X., et al. (2019). miR-145-5p
suppresses breast cancer progression by inhibiting SOX2. J. Surg. Res. 236, 278–287.
doi:10.1016/j.jss.2018.11.030

Wang, B., Wang, F., Ding, A., Zhao, H., and Bu, X. (2020). Regorafenib and
ginsenoside combination therapy: Inhibition of HepG2 cell growth through
modulating survivin and caspase-3 gene expression. Clin. Transl. Oncol. 22 (9),
1491–1498. doi:10.1007/s12094-019-02283-9

Wang, P., Du, X., Xiong, M., Cui, J., Yang, Q., Wang, W., et al. (2016).
Ginsenoside Rd attenuates breast cancer metastasis implicating derepressing
microRNA-18a-regulated Smad2 expression. Sci. Rep. 6, 33709. doi:10.1038/
srep33709

Wang, P., Song, D., Wan, D., Li, L., Mei, W., Li, X., et al. (2020). Ginsenoside
panaxatriol reverses TNBC paclitaxel resistance by inhibiting the IRAK1/NF-κB
and ERK pathways. PeerJ 8, e9281. doi:10.7717/peerj.9281

Wei, Q., Ren, Y., Zheng, X., Yang, S., Lu, T., Ji, H., et al. (2022). Ginsenoside
Rg3 and sorafenib combination therapy relieves the hepatocellular
carcinomaprogression through regulating the HK2-mediated glycolysis and
PI3K/Akt signaling pathway. Bioengineered 13 (5), 13919–13928. doi:10.1080/
21655979.2022.2074616

Wen, X., Zhang, H. D., Zhao, L., Yao, Y. F., Zhao, J. H., and Tang, J. H. (2015).
Ginsenoside Rh2 differentially mediates microRNA expression to prevent
chemoresistance of breast cancer. Asian pac. J. Cancer Prev. 16 (3), 1105–1109.
doi:10.7314/apjcp.2015.16.3.1105

Wu, N., Wu, G. C., Hu, R., Li, M., and Feng, H. (2011). Ginsenoside Rh2 inhibits
glioma cell proliferation by targeting microRNA-128. Acta Pharmacol. Sin. 32 (3),
345–353. doi:10.1038/aps.2010.220

Xu, J., Wu, K. J., Jia, Q. J., and Ding, X. F. (2020). Roles of miRNA and lncRNA in
triple-negative breast cancer. J. Zhejiang Univ. Sci. B 21 (9), 673–689. doi:10.1631/
jzus.B1900709

Xu, L., Xiao, S., Lee, J. J., Li, X., and Zhao, Y. (2022). Gender-related differences in
tissue distribution, excretion, andmetabolism studies of panaxadiol in rats and anti-
inflammatory study. J. Agric. Food Chem. 70 (28), 8672–8679. doi:10.1021/acs.jafc.
2c02618

Yang, L., Zhang, X. Y., Li, K., Li, A. P., Yang, W. D., Yang, R., et al. (2019).
Protopanaxadiol inhibits epithelial-mesenchymal transition of hepatocellular
carcinoma by targeting STAT3 pathway. Cell. Death Dis. 10 (9), 630. doi:10.
1038/s41419-019-1733-8

Yu, R., Zhang, Y., Xu, Z., Wang, J., Chen, B., and Jin, H. (2018). Potential
antitumor effects of panaxatriol against DU-15 human prostate cancer cells is
mediated via mitochondrial mediated apoptosis, inhibition of cell migration and
sub-G1 cell cycle arrest. J. buon 23 (1), 200–204.

Yuan, Z., Jiang, H., Zhu, X., Liu, X., and Li, J. (2017). Ginsenoside Rg3 promotes
cytotoxicity of Paclitaxel through inhibiting NF-κB signaling and regulating Bax/
Bcl-2 expression on triple-negative breast cancer. Biomed. Pharmacother. 89,
227–232. doi:10.1016/j.biopha.2017.02.038

Frontiers in Pharmacology frontiersin.org11

Fan et al. 10.3389/fphar.2022.1033017

https://doi.org/10.18632/oncotarget.18686
https://doi.org/10.21037/atm-22-501
https://doi.org/10.1155/2020/2672648
https://doi.org/10.1155/2020/2672648
https://doi.org/10.3389/fonc.2022.940314
https://doi.org/10.1039/c8fo01122b
https://doi.org/10.3390/nu12010246
https://doi.org/10.1007/s11033-021-06187-2
https://doi.org/10.1016/j.abb.2018.10.014
https://doi.org/10.1016/j.abb.2020.108569
https://doi.org/10.1016/j.jaci.2017.08.034
https://doi.org/10.3892/ol.2019.10742
https://doi.org/10.1016/j.canlet.2012.01.045
https://doi.org/10.1007/s10555-015-9551-7
https://doi.org/10.1111/jocd.14450
https://doi.org/10.1111/jocd.14450
https://doi.org/10.3390/ph12030117
https://doi.org/10.3390/ph12030117
https://doi.org/10.3390/ph14070633
https://doi.org/10.3390/ph14070633
https://doi.org/10.1016/j.jgr.2018.05.004
https://doi.org/10.3892/ijo.14.5.869
https://doi.org/10.2147/OTT.S241503
https://doi.org/10.1016/j.fitote.2018.06.001
https://doi.org/10.1142/S0192415X22500720
https://doi.org/10.1016/j.jgr.2021.08.006
https://doi.org/10.1016/j.phytochem.2011.02.012
https://doi.org/10.3389/fonc.2021.797092
https://doi.org/10.3389/fonc.2021.797092
https://doi.org/10.3390/molecules23112908
https://doi.org/10.3390/molecules23112908
https://doi.org/10.1016/j.jgr.2019.04.002
https://doi.org/10.1016/j.jgr.2019.04.002
https://doi.org/10.26355/eurrev_202202_28120
https://doi.org/10.1371/journal.pone.0240533
https://doi.org/10.3390/biom12040512
https://doi.org/10.1016/j.jss.2018.11.030
https://doi.org/10.1007/s12094-019-02283-9
https://doi.org/10.1038/srep33709
https://doi.org/10.1038/srep33709
https://doi.org/10.7717/peerj.9281
https://doi.org/10.1080/21655979.2022.2074616
https://doi.org/10.1080/21655979.2022.2074616
https://doi.org/10.7314/apjcp.2015.16.3.1105
https://doi.org/10.1038/aps.2010.220
https://doi.org/10.1631/jzus.B1900709
https://doi.org/10.1631/jzus.B1900709
https://doi.org/10.1021/acs.jafc.2c02618
https://doi.org/10.1021/acs.jafc.2c02618
https://doi.org/10.1038/s41419-019-1733-8
https://doi.org/10.1038/s41419-019-1733-8
https://doi.org/10.1016/j.biopha.2017.02.038
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1033017


Zarneshan, S. N., Fakhri, S., and Khan, H. (2022). Targeting akt/CREB/BDNF
signaling pathway by ginsenosides in neurodegenerative diseases: A mechanistic
approach. Pharmacol. Res. 177, 106099. doi:10.1016/j.phrs.2022.106099

Zeng, L., Li, W., and Chen, C. S. (2020). Breast cancer animal models and
applications. Zool. Res. 41 (5), 477–494. doi:10.24272/j.issn.2095-8137.2020.095

Zhang, B., Fu, R., Duan, Z., Shen, S., Zhu, C., and Fan, D. (2022). Ginsenoside CK
induces apoptosis in triple-negative breast cancer cells by targeting glutamine
metabolism. Biochem. Pharmacol. 202, 115101. doi:10.1016/j.bcp.2022.115101

Zhang, E., Shi, H., Yang, L., Wu, X., and Wang, Z. (2017). Ginsenoside Rd
regulates the Akt/mTOR/p70S6K signaling cascade and suppresses angiogenesis
and breast tumor growth. Oncol. Rep. 38 (1), 359–367. doi:10.3892/or.2017.5652

Zhang,K., andLi, Y. (2016). Effects of ginsenoside compoundKcombinedwith cisplatin
on the proliferation, apoptosis and epithelial mesenchymal transition in MCF-7 cells of
human breast cancer. Pharm. Biol. 54 (4), 561–568. doi:10.3109/13880209.2015.1101142

Zhang, M., Wang, Y., Wu, Y., Li, F., Han, M., Dai, Y., et al. (2021). In vitro
transformation of protopanaxadiol saponins in human intestinal flora and its effect
on intestinal flora. Evid. Based. Complement. Altern. Med. 2021, 1735803. doi:10.
1155/2021/1735803

Zhang, Y., Liu, Q. Z., Xing, S. P., and Zhang, J. L. (2016). Inhibiting effect of
Endostar combined with ginsenoside Rg3 on breast cancer tumor growth in tumor-

bearing mice. Asian pac. J. Trop. Med. 9 (2), 180–183. doi:10.1016/j.apjtm.2016.
01.010

Zhao, A., Liu, N., Yao, M., Zhang, Y., Yao, Z., Feng, Y., et al. (2022). A review of
neuroprotective effects and mechanisms of ginsenosides from Panax ginseng in
treating ischemic stroke. Front. Pharmacol. 13, 946752. doi:10.3389/fphar.2022.
946752

Zhao, L., Zhang, Y., Li, Y., Li, C., Shi, K., Zhang, K., et al. (2022). Therapeutic
effects of ginseng and ginsenosides on colorectal cancer. Food Funct. 13 (12),
6450–6466. doi:10.1039/d2fo00899h

Zheng, X., Zhou, Y., Chen, W., Chen, L., Lu, J., He, F., et al. (2018). Ginsenoside
20(S)-Rg3 prevents PKM2-targeting miR-324-5p from H19 sponging to antagonize
the warburg effect in ovarian cancer cells. Cell. Physiol. biochem. 51 (3), 1340–1353.
doi:10.1159/000495552

Zou, M., Wang, J., Gao, J., Han, H., and Fang, Y. (2018). Phosphoproteomic
analysis of the antitumor effects of ginsenoside Rg3 in human breast cancer cells.
Oncol. Lett. 15 (3), 2889–2898. doi:10.3892/ol.2017.7654

Zuo, S., Wang, J., An, X., Wang, Z., Zheng, X., and Zhang, Y. (2022).
Fabrication of ginsenoside-based nanodrugs for enhanced antitumor efficacy
on triple-negative breast cancer. Front. Bioeng. Biotechnol. 10, 945472. doi:10.
3389/fbioe.2022.945472

Frontiers in Pharmacology frontiersin.org12

Fan et al. 10.3389/fphar.2022.1033017

https://doi.org/10.1016/j.phrs.2022.106099
https://doi.org/10.24272/j.issn.2095-8137.2020.095
https://doi.org/10.1016/j.bcp.2022.115101
https://doi.org/10.3892/or.2017.5652
https://doi.org/10.3109/13880209.2015.1101142
https://doi.org/10.1155/2021/1735803
https://doi.org/10.1155/2021/1735803
https://doi.org/10.1016/j.apjtm.2016.01.010
https://doi.org/10.1016/j.apjtm.2016.01.010
https://doi.org/10.3389/fphar.2022.946752
https://doi.org/10.3389/fphar.2022.946752
https://doi.org/10.1039/d2fo00899h
https://doi.org/10.1159/000495552
https://doi.org/10.3892/ol.2017.7654
https://doi.org/10.3389/fbioe.2022.945472
https://doi.org/10.3389/fbioe.2022.945472
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1033017

	Anti-cancer effect and potential microRNAs targets of ginsenosides against breast cancer
	Introduction
	Anti-breast cancer activity of ginsenosides
	Anti-breast cancer activity of PPD types
	Anti-breast cancer activity of PPT types
	Anti-breast cancer activity of other ginsenosides

	Anti-breast cancer activity of ginsenosides mediated by microRNAs
	Future prospects
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


