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Background: Cancer stem cells (CSCs) have been proposed as central drivers of cancer

relapse in many cancers. In the present study, we investigated the inhibitory effect of 20(R)-

Ginsenoside Rg3 (Rg3R), a major active component of ginseng saponin, on CSC-like cells

and the Epithelial-Mesenchymal Transition (EMT) in colorectal cancer (CRC).

Methods: The effects of ginsenoside Rg3R on the colony-forming, migration, invasion, and

wound-healing abilities of CRC cells were determined in HT29 and SW620 cell lines

in vitro. Further, ginsenoside Rg3R was given intraperitoneally at 5mg/kg of mouse body

weight to check its effect on the metastasis of CRC cells in vivo.

Results: Ginsenoside Rg3R significantly inhibited CSC properties, but did not affect cell

proliferation. Moreover, ginsenoside Rg3R treatment significantly inhibited the motility of

CRC cells based on migration, invasion, and wound-healing assays. The inhibitory effects of

ginsenoside Rg3R on CRC are potentially mediated by significant down-regulation of the

expression of stemness genes and EMT markers in CRC cells in a SNAIL-dependent manner.

Furthermore, ginsenoside Rg3R treatment decreased both the number and size of tumor

nodules in the liver, lung, and kidney tissues in a metastasis mouse model.

Conclusion: These findings highlighted the potential use of ginsenoside Rg3R in clinical

applications for colorectal cancer treatment.
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Introduction
Despite recent improvements in cancer treatment, colorectal cancer (CRC) remains

one of the major causes of cancer-related morbidity and mortality worldwide.1,2 It has

been indicated that CRC has poor prognosis when metastasized to lymph nodes or

distant organs.3 Therefore, understanding the mechanisms driving metastasis is

necessary for the development of new diagnostic and therapeutic strategies to

improve patient outcomes in CRC. Interestingly, accumulating evidence suggested

that the epithelial-mesenchymal transition (EMT) plays an important role in normal

development of the colon, as well as the motility and metastasis of tumors. In

addition, recent studies indicated that cancer stem cells (CSCs) are one of the central

drivers of cancer relapse because of their ability to establish higher rates of prolifera-

tion, self-renewal, multi-lineage differentiation, and chemo-resistance.4–7 It has been

shown that CSCs play key roles not only in the tumor progression and recurrence but
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also in metastasis. Activation of EMT transcription factors

or induction of EMT could confer the stem-like features in

cancer cells, and circulating tumor cells collected from

patients with cancer metastasis have been found to express

both CSC and stem cell markers.8 This relation was also

indicated in colorectal cancer as colorectal CSCs have been

considered as “seed” cells for invasion and metastasis in

colorectal cancer.9 Therefore, there is a need to understand

and target the EMT and CSCs to improve the outcomes of

CRC patients.

Ginseng, a slow-growing perennial plant belonging to the

genus Panax of the Araliaceae family, is one of the most well

studied and commonly used traditional phytomedicines

worldwide.10 Ginsenosides are the major biologically active

principal components of ginseng.11 Ginsenoside Rg3,

a protopanaxadiol-type ginsenoside, is a pharmacologically

and physiologically active natural constituent of ginseng

that has been demonstrated to exert various biological

effects, including anti-cancer effect,12 and anti-inflammatory

effects.13,14 Ginsenoside 20(S)-Rg3 (Rg3S) and ginsenoside

20(R)-Rg3 (Rg3R) are epimers depending on the position of

the hydroxyl group (OH) on carbon-20; epimerization is pro-

duced by selective attack of the OH group after eliminating the

glycosyl residue at carbon-20 during the steaming process.15

A previous study showed that ginsenoside Rg3R, but not

ginsenoside Rg3S, inhibits the TGF β1-induced EMT, lung

cancer migration, invasion, and anoikis resistance.16

Furthermore, ginsenoside Rg3R has been shown to inhibit

cell proliferation in induced hepatocellular carcinoma in

rats17 and the metastasis of B16-BL6 melanoma cells.18

However, although the stereospecific anti-tumor effects of

Rg3 have been identified, the effects of ginsenoside Rg3R on

CSC-like properties and EMT and the exact mechanisms

underlying these effects in CRC are not fully understood.

Here, we evaluated the anti-cancer effects of ginseno-

side Rg3R in CRC and the corresponding molecular

mechanisms underlying these effects. Ginsenoside Rg3R

was found to inhibit the CSC properties and metastasis in

CRC in vitro and in vivo. The current findings not only

demonstrated the anti-cancer effects of ginsenoside Rg3R,

but also revealed that these effects were mediated by the

downregulation of stemness markers. Further, this ginse-

noside significantly inhibited the formation of tumor

metastasis nodules in a mouse metastasis model.

Therefore, our findings provided new insights highlighting

the potential use of ginsenoside Rg3R as a novel anti-

cancer agent for CRC treatment.

Materials and Methods
Reagents and Antibodies
Ginsenoside Rg3R was obtained from Ambo Institute

(Korea). It was dissolved at a concentration of 20mM in

DMSO as a stock solution and stored in aliquots at −20°C.

Ginsenoside Rg3R was added to cell culture media to the

final concentrations of 10, 50, and 100 µM for the in vitro

study, and diluted with phosphate-buffered saline (PBS) to

5 mg/kg/mice for the in vivo study.

Cell Lines
The human CRC cell lines HT29 and SW620 were purchased

from the Korean Cell Line Bank (KCLB). HT29 and SW620

cells were cultured in RPMI-1640 medium (Corning, USA)

supplemented with 10% Fetal Bovine Serum (Corning,

USA), 1% MEM essential amino acids (Corning, USA),

and 1% penicillin/streptomycin (Gibco, USA) at 37°C in

a humidified atmosphere containing 5% CO2. Cells were

also cultured using ultra-low attachment plate in stem cell

selective media including DMEM/F12 medium supplemen-

ted with 1% N2 supplement, 20 ng/mL epidermal growth

factor EGF (Invitrogen, USA), and 20 ng/mL basic fibroblast

growth factor (bFGF; Invitrogen, USA) and 1% penicillin/

streptomycin (Gibco, USA) (Corning, USA).

Retrovirus Constructs and Transfection
Plasmids containing the open reading frame (ORF) of SNAIL

(Forward, 5ʹ- AGTCCAGAATTCATGCCGCGCTCTTTCC

TCGTCAGGA-3ʹ and reverse, 5ʹ- AGTCCACTCGAGTCA

GCGGGGACATCCTGAGCAGCCG-3ʹ) were amplified and

cloned into the MSCV-IRES-GFP vector. 293T cells were

transfected with viral constructs along with Gag/pol and

VSVG constructs to generate the viruses using the iN-

fectTM in vitro transfection reagents (iNtRON, Korea) and

following themanufacturer’s protocol. Viral supernatants were

collected on days 2 and 3 after transfection and used to infect

the target cells. RT-PCR andWestern blotting were conducted

to determine the effects of the overexpression of target genes.

RNA Extraction and Realtime PCR
RNA was isolated using Ribospin II or Hybrid R (Gene

All, Korea). cDNA was converted using ReverTra Ace®

qPCR Kit (TOYOBO, Japan) according to the manufac-

turer’s instructions. TOPreal™ qPCR 2x PreMIX

(Enzynomics, Korea) were used for qPCR reaction to

determine the gene expression levels of the target genes.
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Primer sequences for qPCR are shown in Supplementary

Table 1.

Western Blotting Analysis
Cell lysates were collected and the concentration of pro-

teins in the supernatant was determined using a Bio-Rad

Protein Assay kit (Bio-Rad Laboratories, Inc., USA).

Equal amounts of cell extracts (30 μg) were resolved on

a 10% polyacrylamide gel and electro-transferred onto

0.45 μm hybridization nitrocellulose filter (HATF) mem-

brane (Millipore, USA) using Trans-blot Turbo (Bio-Rad

Laboratories, Inc., USA). Membranes were immuno-

blotted with goat polyclonal anti-Actin antibody, rabbit

monoclonal anti-Snail antibody, rabbit polyclonal anti-

EGFR antibody, rabbit polyclonal anti-pEGFR antibody,

rabbit polyclonal anti-Akt antibody, and rabbit polyclonal

anti-pAkt antibody from Cell Signaling, USA, overnight at

4°C. Membranes were incubated with either HRP-

conjugated anti-rabbit immunoglobulin (Cell Signaling,

USA) or HRP-linked anti-goat immunoglobulin (Santa

Cruz Biotechnology, USA) for 1 hr at room temperature.

Enhanced chemiluminescence (Thermo, USA) was used to

detect the protein signals with the Amersham Imager 600

(GE Healthcare Life Sciences, UK).

Cell Proliferation Assay (MTT Assay)
MTT assay was performed to evaluate cell proliferation by

using the Cell Proliferation Kit I according to the manu-

facturer’s instructions (Roche, Germany). Briefly, 5×103

cells were seeded onto a 96-well plate and incubated for

96 hrs. Cells were incubated in 5 mg/mL of MTT solution

for 4 hrs and subsequently solubilized with 100 µL of

solubilization solution (10% SDS in 0.01 M HCl) over-

night. The absorbance was read at 575 nm and 650 nm

using a plate reader.

Soft-Agar Colony-Forming Assay
Cell suspension (2×103 cells/well) and ginsenoside were

mixed with 0.3% agarose in complete medium using 24-

well plates coated with the 1% agarose base layer. The top

of the cell layer was coated with complete medium to

avoid evaporation. The number and size of colonies were

determined after 15 days of incubation.

Migration and Invasion Assay
The transwell insert system (Corning, USA) with coating

and without coating by 20 μL of Matrigel (BD, USA)

were, respectively, used to examine the cell invasion and

migration in vitro. Briefly, 100 μL of serum-free media

containing 1×105 cells were seeded into each well of the

insert with 600 μL of media containing 10% FBS outside

of the insert. Cells were then incubated at 37°C for 18 hrs

and 24 hrs in a humidified atmosphere with 5% CO2 for

the migration and invasion assays, respectively. After

cleaning the transwells using a cotton swap, the cells

were fixed with 1% formaldehyde for 15 mins and washed

with PBS 2 times. The cells were then stained with 0.1%

of crystal violet for 15 mins and observed using

a microscope (Leica, Germany) after washing with DW.

Wound-Healing Assay
The cells (1x105) were seeded into 24-well plate at 24 hrs

before treatment. The medium was then removed when the

cells reached about 90% confluence. The plates were

scratched using the end of a 200 µL pipette tip (0

hr time point), and cells were washed twice with PBS to

remove the loose cells. Afterwards, the cells were then

treated either with or without ginsenoside Rg3R in serum-

free media for 48 hrs. The images of the migrating cells

were captured every 24 hrs.

Gelatin Zymography Analysis
After 96 hrs of Rg3R treatment in serum-free media, the

cell supernatants were analyzed on an SDS-PAGE gel

containing 0.1% gelatin. After electrophoresis, the gel

was renatured twice with 2.5% Triton X-100 for 30

mins at 37°C and then washed with ddH2O. Afterwards,

the gel was incubated in developing buffer (50 mM Tris-

HCl pH 7.6, 50 mM NaCl, 10 mM CaCl2, 0.05% Brij 35)

for 24 hrs at room temperature. The gels were then stained

by Coomassie Brilliant Blue Protein Staining 1 hr and

destained using destaining solution (methanol:ddH2O:

acetic acid = 5:4:1) at room temperature.

Animal Experiments
HT29 CRC cells were collected and resuspended with PBS

at a final concentration of 1.5×107 cells/mL. The cells

(1.5×106) were intravenously injected into eight-week-old

female NSG mice (NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ, The

Jackson Laboratory). Mice were randomly divided into two

groups (control and ginsenoside Rg3R treatment) at 48 hrs

after the injection. The mice were then intraperitoneally

injected with 5 mg/kg/mice ginsenoside Rg3R or an equal

volume of PBS three times per week and the mice were

observed daily. After 28 days, the mice were sacrificed for

counting and statistical analysis of the number and weight of
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tumor nodules in the liver, lungs, and kidneys. Tissues were

cut into 4–5 μm-thick sections, embedded in paraffin, and

then stained with hematoxylin and eosin (H&E). All experi-

mental protocols were approved by the Soonchunhyang

University Institutional Animal Care and Use Committee.

All animal experiments were performed in accordance with

the Laboratory Animals Welfare Act.

Statistical Analysis
All experiments were independently performed at least three

times. Results of RT-qPCR, Western blotting, gelatin zymo-

graphy, migration, and invasion assays were analyzed using

Student’s t-test. Differences were considered statistically sig-

nificant at P <0.05 (*) or highly significant at P <0.01 (**).

Results
Ginsenoside Rg3R Reduces the Colony

Formation Ability of CRC Cells
Ginsenoside Rg3R was isolated from Panax ginseng, and its

structure was shown in Figure 1A. First, we examined the

effect of ginsenoside Rg3R on the proliferation of CRC cell

lines, such as HT29 and SW620. The results of MTT assay

showed that ginsenoside Rg3R did not inhibit CRC cell

proliferation at several concentrations (10, 50, and 100 µM

ginsenoside Rg3R) after 72 hrs of incubation in liquid culture

(Figure 1B and C). Next, we investigated whether ginsenoside

Rg3R specifically inhibits CSC properties, even though cell

proliferation of the bulk population was not affected. A recent

study highlighted the emerging use of 3D cell culture, given

its potential impact on early drug discovery and therapeutics

for the treatment of diseases, such as cancer19 because it can

more closely mimic in vivo cell environments.20 Therefore,

we conducted the soft-agar colony-forming assay, which has

certain advantages, including simplicity, validity, and poten-

tial for discovering new antitumor drugs,21,22 using in cancer

stem cells (CSCs).23,24 Both HT29 and SW620 cell lines were

treated in a layer of soft agar media containing various con-

centrations of ginsenoside Rg3R. Interestingly, both colony

numbers and size decreased in a dose-dependent manner after

15 days of treatment with ginsenoside Rg3R (HT29, 67% at

10 µM, 81% at 50 µM, and 88% at 100 µM; SW620, 55% at

55%, 64% at 50 µM, and 81% at 100 µM) (Figure 1D and E).

Therefore, the above findings suggested that ginsenoside

Rg3R dramatically inhibited CSC properties in CRC.

Figure 1 Inhibitory effect of ginsenoside Rg3R on colony formation ability of CRC cells. (A) Chemical structure of ginsenoside Rg3R. (B, C) Effect of ginsenoside Rg3R on the

proliferation of CRC cells. HT29 and SW620 CRC cells were treated with varying concentrations of ginsenoside Rg3R. Cell proliferation was measured after 72 hrs of culture using

MTTassay. (D andE) The effects of ginsenoside Rg3R on the colony formation ability of CRC cells were examined by soft-agar colony-forming assay. HT29 and SW620CRC cells were

mixed with complete media in 0.3% agar containing either DMSO or ginsenoside Rg3R at different concentrations. The number of colonies formed was counted after 15 days of

incubation. The statistical analysis is shown (*P< 0.05; **P< 0.01). The data were presented as the mean ± SEM of three independent experiments.
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Ginsenoside Rg3R Impairs Motility and

Suppresses the EMT and CSC Signatures
Considering that cancer cell migration and invasion are cru-

cial for the metastatic cascade,25,26 we thus next conducted

migration assay using a Matrigel-uncoated transwell system

to evaluate the effects of ginsenoside Rg3R on cell motility

using the CRC cell lines HT29 and SW620. The results

indicated that ginsenoside Rg3R significantly attenuated the

migratory ability of cancer cells by about 30% to 75%

relative to the control-treated cells (HT29, 31% at 10 µM,

50% at 50 µM, and 74% at 100 µM; SW620, 43% at 10 µM,

51% at 50 µM, and 71% at 100 µM) (Figure 2A–E). In

addition, we investigated the inhibitory effect of ginsenoside

Rg3R on the invasive capability of CRC cells using

a Matrigel-coated transwell system. Ginsenoside Rg3R sig-

nificantly suppressed the invasion ability of the CRC cells by

about 30% to 80% relative to control-treated cells for both

CRC cell lines HT29 and SW620 after 48 hrs of treatment at

several tested concentrations (HT29, 63% at 10 µM, 74% at

50 µM, and 81% at 100 µM; SW620, 27% at 10 µM, 46% at

50 µM, and 67% at 100 µM) (Figure 2A–F). Wound-healing

assay was performed to further verify the inhibitory effect of

ginsenoside Rg3R on the migration of CRC cells. As shown

in Figure 2G–I, cells treated with ginsenoside Rg3R showed

significantly lower monolayer wound-healing rates relative

to cells in the control condition. The above results indicated

that ginsenoside Rg3R treatment decreased the motility of

CRC cells in a dose-dependent manner.

Figure 2 Effects of ginsenoside Rg3R on migration and invasion ability of CRC cells. (A–F) The migration and invasion abilities of CRC cells were evaluated using the transwell

insert system with non-coated membrane (A, B, D, and E) and Matrigel-coated membrane (A, C, D, and F), respectively. HT29 and SW620 CRC cells were treated with

varying concentrations of ginsenoside Rg3R in serum-free media for 48 hrs. Then, the cells were seeded on a transwell insert to evaluate cell migration and invasion. Cells on the

insert were stained and counted after 18 hrs or 24 hrs. The data are presented as the mean ± SEM of three independent experiments (*P< 0.05; **P< 0.01). (G–I) HT29 and

SW620 cells were seeded in 24-well plate, and the middle of the plate was scratched after 24 hrs. Afterwards, the cells were then washed and treated with either DMSO or

ginsenoside Rg3R in serum-free media after 48 hrs. The wound-healing rate was checked every 24 hrs (HT29, G and H; SW620, G and I). A representative image was shown

(G). Data were presented as the mean ± SEM of three independent experiments (*P< 0.05; **P< 0.01).
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We next investigated the mechanisms by which ginseno-

side Rg3R suppressed both the colony-forming ability and

migratory ability of CRC cells (Figures 1 and 2). We profiled

the expression signatures of genes involved in CSC stemness

and the EMT; these genes have been previously established as

downstream molecules involved in CSC maintenance and

cancer cell mobility. To evaluate CSC properties and EMT

signatures, we measured RNA and protein levels in HT29 and

SW620 cells after 4 days of ginsenoside Rg3R treatment (0 to

100 µM) by RT-qPCR and immunoblots. Results showed that

treatment of HT29 and SW620 cells with ginsenoside Rg3R

at the indicated concentrations remarkably downregulated

NANOG, OCT4, SNAIL, and MMP2 expression levels

(Figure 3A and B). The protein levels of SNAIL and E-

CAD, and the enzymatic activity of MMP2 were consistently

and significantly reduced by the treatment with ginsenoside

Rg3R (Figure 3C and Supplementary Figure 1). Therefore,

the results suggested that ginsenoside Rg3R can inhibit CSC

self-renewal and cancer metastasis of CRC cells by regulating

the expression of CSC and EMT signatures.

Ginsenoside Rg3R Inhibits EGFR Signaling

in CRC Cells
Previous studies indicated that EGFR is strongly upregu-

lated in CRC patients, especially in stage T3 patients.27–29

Interestingly, EGFR strongly interacts with various ginse-

nosides, including ginsenoside Rg3; in mutant EGFR,

ginsenoside Rg3 is known to interact with the GLN791

and Pro794 residues.30 Moreover, several ginsenosides,

such as compound,31,32 Rb,33 Rd,34 Rh2,35 and Rg336–38

could suppress the expression level of EGFR and its

signaling pathway as well. Therefore, we investigated

whether ginsenoside Rg3R inhibits CRC properties by

Figure 3 Ginsenoside Rg3R inhibits CSC and EMTexpression signatures. HT29 (A) and SW620 (B) cells were treated with ginsenoside Rg3R, and the RNA levels of SOX2,
NANOG, OCT4, SNAIL, and MMP2 were detected by RT-qPCR. Data were presented as the mean ± SEM of three independent experiments (*P< 0.05; **P< 0.01). (C and D)

HT29 and SW620 cells were treated with ginsenoside Rg3R, and SNAIL protein levels were then determined by Western blotting. Representative images were shown (C).

Values represent the relative densities of the blotting bands normalized to ACTIN (D). Data were presented as the mean ± SEM of three independent experiments (*P<

0.05; **P< 0.01). HT29 (E–G) and SW620 (E, H, I) cells were treated with ginsenoside Rg3R, and the phosphorylation levels of EGFR and AKT were determined by

Western blotting. ACTIN was used as a loading control. Representative images were shown (E). Values represent the relative densities of the blotting bands normalized to

ACTIN (pEGFR, F and H; pAKT, G and I). Data were presented as the mean ± SEM of three independent experiments (*P< 0.05; **P< 0.01).
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suppressing EGFR signal transduction. Thus, we examined

the phosphorylation of EGFR and the downstream AKT

pathway to identify the signaling pathways mediating the

inhibitory effects of ginsenoside Rg3R on CRC cells. Both

HT29 and SW620 cells were treated with ginsenoside

Rg3R and EGF, and then the protein was extracted and

analyzed by Western blotting to examine the pEGFR and

pAKT levels. The pEGFR (pEGFR/tEGFR) level was

reduced by about 45% and 24% relative to those in the

control cells after treatment with 100 µM ginsenoside

Rg3R in HT29 and SW620, respectively (Figure 3E, F,

and H). Similar pattern was also observed in pAKT

(pAKT/tAKT) level that was reduced by about 50% and

59% relative to those in the control cells after treatment

with 100 µM ginsenoside Rg3R in HT29 and SW620,

respectively (Figure 3E, G, and I). The above findings

indicated that ginsenoside Rg3R suppressed the CSC-like

properties and the EMT in CRC cells by inhibiting EGFR/

AKT signaling.

Partial Rescue of the Inhibitory Effects of

Ginsenoside Rg3R via EGF and SNAIL
To verify that ginsenoside Rg3R inhibits the migratory

ability of CRC cells by downregulating EGFR/AKT sig-

naling, we examined whether the migration ability could

be restored by adding excess EGF. We evaluated the

migration of HT29 cells treated with either DMSO, 50

µM of ginsenoside Rg3R alone, or 50 µM of ginsenoside

Rg3R in combination with exogenous EGF. Treatment

with ginsenoside Rg3R alone inhibited cancer cell migra-

tion, while combined treatment with EGF and ginsenoside

Rg3R partially rescued the migratory ability of CRC cells

(Figure 4A and B). In addition, downregulation of the

RNA levels of the genes EGFR and SNAIL, which are

downstream of EGFR signaling pathway, after ginsenoside

Rg3R treatment, was dramatically abolished by EGF treat-

ment (Figure 4C and D). This gain-of-function experiment

demonstrated that the observed inhibitory effects of ginse-

noside Rg3R are dependent on EGFR signaling.

Increasing evidence indicates that SNAIL plays an

essential role in embryonic development and cancer pro-

gression by promoting cancer stem cell-like traits, metasta-

sis, drug resistance, and tumor relapse.39 Our results

revealed that CRC cells treated with ginsenoside Rg3R

have significantly lower mRNA and protein levels of

SNAIL relative to those of the control group (Figure 3).

Furthermore, the inhibitory effects of ginsenoside Rg3R on

SNAIL expression were partly recovered by EGF treatment.

Therefore, we hypothesized that the inhibitory effects of

ginsenoside Rg3R are SNAIL-dependent. To test our

hypothesis, HT29 cells were transduced with either empty

vector or SNAIL overexpression plasmid using a retroviral

system. These cells were then treated with ginsenoside

Rg3R to determine its effects on the migratory ability of

cells and the expression of downstream targets. First, we

confirmed SNAIL overexpression in these cells by both RT-

qPCR and Western blotting (Figure 4E and F). The migra-

tory capability of cancer cells treated with ginsenoside

Rg3R was reduced to 42% of that of control cells; SNAIL

overexpression rescued the inhibitory effects of ginsenoside

Rg3R on cell migration, with SNAIL-overexpressing cells

showing about 90% of cell migration relative to that of the

control cells (Figure 4G and H). A similar pattern was also

found in the colony-forming ability, with SNAIL-

overexpression cells rescuing the inhibition of ginsenoside

Rg3R partly (Figure 4I and J). Consistent with expected

results, SNAIL overexpression also rescued the ginsenoside

Rg3R-induced downregulation of downstream molecules,

EGFR and FIBRONECTIN (Figure 4K). The above findings

indicated that ginsenoside Rg3R also affects CSC properties

and the EMT in CRC cells via SNAIL.

Ginsenoside Rg3R Reduced Metastasis of

CRC Cells in vivo
The above results indicated that ginsenoside Rg3R inhibits

CSC properties and the EMT in vitro. Therefore, we further

examined the effects of ginsenoside Rg3R on the metastasis

of CRC cells in vivo using a mouse metastasis model. After 2

days of HT29 injection into immunocompromised NSG

mice, the mice were intraperitoneally injected with either

ginsenoside Rg3R (5 mg/kg per mice) or PBS as control

three times per week. The mice were sacrificed at 4 weeks

after transplantation to evaluate tumor metastasis nodules in

the liver, lungs, and kidneys (Figure 5A). The numbers of

tumor metastasis nodules in the liver, lung, and kidney tis-

sues were significantly lower in mice treated with ginseno-

side Rg3R compared to those in the control group (liver, 244

vs. 106; lungs, 103 vs. 28; kidney, 134 vs. 59, p<0.05)

(Figure 5B and C). In addition, histopathological H&E stain-

ing of liver sections revealed that ginsenoside Rg3R signifi-

cantly reduced the number of HT29-induced metastatic

lesions and decreased the tissue density (Figure 5D). The

above findings were consistent with the hypothesis that
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ginsenoside Rg3R suppresses metastasis in CRC cells in vivo

using a mouse model of metastasis.

Discussion
Ginsenoside Rg3R andRg3S are produced by epimerization at

carbon-20 during the steaming process and are known to exert

multiple biological effects.15 A previous study demonstrated

that ginsenoside Rg3R can promote the storage of hepatic

glycogen and decrease the accumulation of metabolites, such

as lactic acid and serum urea nitrogen, ultimately reducing

fatigue after intranasal administration.40 In addition, the anti-

oxidant properties of ginsenoside Rg341 and its stimulatory

effects on the immune response42 were found to be stereo-

specific. In particular, the R form of ginsenoside Rg3 exerts

significantly stronger antioxidant effects and more adjuvant

activity compared to the S form. Ginsenoside Rg3R has been

shown to exert anti-cancer effects against melanoma,18 liver

cancer,17 and lung cancer.16 Ginsenoside Rg3R can effectively

inhibit themelanoma cell growth in vivo by downregulation of

FUT436 or HDAC3,43 observed with a significant reduction of

tumor size and volume. Similar with tumor growth in mela-

noma xenograft mouse model, ginsenoside Rg3R was shown

to suppress the lung metastasis of melanoma B16-BL6 using

a spontaneous metastasis model.18Moreover, encapsulation of

ginsenoside Rg3R using polylactic-co-glycolic acid (PLGA)

was demonstrated to enhance its antitumor activity.44,45

In the present study, we examined the effects of ginse-

noside Rg3R on CSC properties and the EMT in CRC

cells. Results revealed that ginsenoside Rg3R significantly

suppressed CSC characteristics and motility of CRC cells

Figure 4 Ginsenoside Rg3R suppresses the migration of CRC cells via EGFR/SNAIL signaling. (A–D) HT29 cells were treated with either DMSO alone, ginsenoside Rg3R

alone, or ginsenoside Rg3R together with EGF, and cell migration and RNA levels were determined. Representative images were shown (A). Data were presented as the

mean ± SEM of three independent experiments (B, migration; C, SNAIL level; D, EGFR level). The statistical analysis is shown (*P< 0.05; **P< 0.01). (E–K) HT29 cells were

transduced with either empty vector or SNAIL overexpression vector. The transduced cells then were treated with ginsenoside Rg3R, and cell migration (G and H) and

colony-forming ability were assessed (I and J). The expression levels of SNAIL, EGFR, and FIBRONCTIN were determined by RT-qPCR (E, K) and immunoblot (F).

Representative images were shown (F, K). Data were presented as the mean ± SEM of three independent experiments (*P< 0.05; **P< 0.01).
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in vitro. Moreover, the number and size of metastasis

nodules in liver, lung, and kidney tissues in a mouse

metastasis model were decreased after ginsenoside Rg3R

treatment. Mechanistically, EGFR/SNAIL signaling was

significantly suppressed by ginsenoside Rg3R, consistent

with previous studies demonstrating that ginsenosides,

including ginsenoside Rg3, could strongly interact with

EGFR;30 several ginsenosides, such as compound K31,32

and Rh2,35 are known to suppress EGFR signaling. In

addition, our results revealed that the expression signatures

of genes related to CSC properties and the EMT, including

NANOG, SOX2, MMP2, and SNAIL, were dysregulated

following treatment with ginsenoside Rg3R. NANOG and

SOX2 are crucial CSC signatures because of their roles in

self-renewal and maintenance of the undifferentiated state

of CSCs.46,47 Besides, SNAIL, a potent transcriptional

repressor of E-cadherin expression,48 has been previously

implicated in the maintenance of CSC and the EMT.

Furthermore, SNAIL has been associated with liver and

lymph node metastasis, chemo-resistance, and poor prog-

nosis because of its roles in transcriptional regulation.49

Thus, our current results, which demonstrated that ginse-

noside Rg3R regulates the expression signatures of CSC

and EMT-related genes, have very important implications

in CRC treatment because these are critically implicated in

cancer relapse and metastasis.

Two monoclonal antibodies targeting EGFR, namely,

cetuximab and panitumumab, have been recently tested for

their inhibitory effect on CRC. The clinical outcomes of

metastatic CRC patients have been improved by the introduc-

tion of these two monoclonal antibodies in combination with

chemotherapy.50 However, these drugs exerted mild toxic

effects and were shown to be effective only in a small propor-

tion of CRC patients, corresponding to clinically meaningful

response rate of approximately 10.51,52 Given that ginsenoside

Rg3R binds EGFR and regulates EGFR signaling, our

Figure 5 Ginsenoside Rg3R inhibits the metastasis of CRC cells in vivo. (A) The scheme of a mouse metastasis model. Mice were intravenously injected with HT29 cells and

then treated with either PBS (control) or ginsenoside Rg3R (5 mg/kg body weight) 3 times a week for 4 weeks. (B) Representative images of mouse liver, kidney, and lung

tissues. (C) Numbers of tumor metastasis nodules in liver, lung, and kidney tissues were presented (PBS, n=6; Rg3R, n=5). The statistical analysis of nodule number is shown

(*P< 0.05; **P< 0.01). (D) H&E staining of liver segments. Dotted lines indicated the area of tumor nodules.
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findings suggested that ginsenoside Rg3R could be used alone

or in combination with other drugs or antibodies that target

EGFR to regulate EGFR signaling. However, there is a need to

improve our understanding of the mechanisms underlying the

anticancer activity of ginsenoside Rg3R against CRC. In

particular, more detailed studies on ginsenoside Rg3R-EGFR

interaction are required to investigate the binding between

ginsenoside Rg3R and EGFR and to elucidate themechanisms

by which ginsenoside Rg3R regulates EGFR together with

SNAIL. Ultimately, such studies can serve as the basis for the

development of novel CRC treatments for the clinical manage-

ment, in which ginsenoside Rg3R can be used as an essential

inhibitory agent.
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