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Background: In colorectal cancer (CRC), 40e60% of patients develop metastasis. The epithelialemesen-

chymal transition (EMT) is a pivotal and intricate process that increases the metastatic potential of CRC.

The aim of this study was to investigate the effect of Korean Red Ginseng extract (RGE) on colorectal

metastasis through inhibition of EMT and the metastatic abilities of CRC cells.

Methods: To investigate the effect of RGE on the metastatic phenotypes of CRC cells, CT26 and HT29 cells

were evaluated by using an adhesion assay, a wound-healing assay, an invasion assay, zymography, and

real-time reverse transcriptionepolymerase chain reaction. Western-blot analysis was conducted to

elucidate the molecular mechanisms of RGE, which showed an inhibitory effect on the transforming

growth factor-b1 (TGF-b1)-induced EMT in HT29 cells. Additionally, the antimetastatic effect of RGE was

evaluated in a mouse model of lung metastasis injected with CT26 cells.

Results: RGE decreased the adhesion and migration ability of the CT26 cells and TGF-b1-treated HT29

cells. The invasion ability was also reduced by RGE treatment through the inhibition of matrix

metalloproteinase-9 expression and activity. Moreover, RGE suppressed the TGF-b1-induced EMT via

TGF-b1/Smad-signaling-mediated Snail/E-cadherin expression in HT29 cells and lung tissue in CT26

tumor-bearing mice.

Conclusion: Our results demonstrated that RGE inhibited colorectal lung metastasis through a reduction

in metastatic phenotypes, such as migration, invasion, and the EMT of CRC cells.

� 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Colorectal cancer (CRC) is the third most common malignant

cancer worldwide. In the United States, 136,830 cases were newly

diagnosed in 2014 [1]. Additionally, the incidence rate of CRC

increased from 20% to 37% in Korea over a 13-yr period (1999e

2011) [2]. Although the present surgical treatments and chemo-

therapy have improved the prognosis and survival rates of patients

with CRC, metastasis remains the main cause of CRC-related mor-

tality. The 5-yr survival rate is 90.3% for patients with localized

tumors and only 12.5% for patients with distant metastases [1].

The epithelialemesenchymal transition (EMT) is an essential

morphogenetic process in tumor metastasis. During the EMT pro-

cess, cells lose their epithelial properties, including cellecell con-

tact and cell polarity, and obtain mesenchymal properties, such as

enhanced motility and invasion ability. The expression levels of

EMT-related genes regulate the morphological changes from

epithelial to mesenchymal, such as the spindle shape. The expres-

sion of the epithelial markers during the EMT process, including E-

cadherin, is downregulated, whereas the mesenchymal markers,

such as N-cadherin and Snail, are increased via Smad- or non-

Smad-signaling pathways [3].
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Among the compounds that induce EMT, transforming growth

factor-b (TGF-b) promotes angiogenesis, migration, and invasion in

a variety of cancer cells. In patients with CRC, a significant increase

in TGF-b was observed in the serum, and patients with high TGF-b

expression in the primary tumor suffered cancer recurrence [4,5].

Thus, the regulation of the TGF-b-induced EMT is important for the

improvement of CRC treatment and prognosis. TGF-b activates the

transcription factors Smad2/3, which form a complex with Smad4

and translocate to the nucleus to modulate the transcription of

target genes. TGF-b also controls Smad-independent pathways,

such as the mitogen-activated-protein-kinase (MAPK)-signaling

pathways, including extracellular signal-regulated kinase (ERK), c-

Jun N-terminal kinase, and p38 [6].

Korean Red Ginseng is the heat-processed root of Panax ginseng

Meyer. Korean Red Ginseng is a valuable and popular traditional

medicinal herb in East Asia, where it is widely used to treat various

diseases. The material is reported to have several pharmacological

effects, including immunomodulatory, antifatigue, anti-allergic,

and antitumor activities [7e10]. Ginsenosides Rg3, Rh1, Rh2, Rh4,

Rs1e4, and Rf2 are known to be present only in Korean Red

Ginseng, and these compounds exert pharmacological effects [11].

Ginsenoside Rh1 improved nonalcoholic fatty liver disease and

chronic inflammatory disease [12,13], and ginsenoside Rh2 sup-

pressed the proliferation of HCT116 human CRC cells and HepG2

hepatocarcinoma cells [14,15].

Notably, Korean Red Ginseng extract (RGE) and its active com-

pound ginsenoside Rg3 exhibit antimetastatic effects. The extract

suppressed the lung metastasis of CT26 cells and the metastatic

potential of human hepatoma SK-Hep1 cells via a reduction in

matrix metalloproteinase (MMP)-2/-9 activity [16,17]. Additionally,

ginsenoside Rg3 decreased the lung metastasis of B16BL6 mela-

noma cells and azoxymethane plus bombesin-induced peritoneal

metastasis of intestinal adenocarcinoma [18,19]. The present study

was conducted to elucidate the effect of Korean Red Ginseng water

extract on exacerbated colorectal lung metastasis by the EMT of

CRC cells and related mechanisms.

2. Materials and methods

2.1. Reagents and antibodies

Recombinant human TGF-b1 was purchased from ProSpec

(East Brunswick, NJ, USA). Fetal bovine serum (FBS), Dulbecco’s

modified Eagle’s medium (DMEM), and RPMI 1640 were pur-

chased from Thermo Fisher Scientific (Waltham, MA, USA).

Bouin’s solution, Giemsa solution, and 40,6-diamidino-2-

phenylindole were purchased from Sigma-Aldrich (St. Louis,

MO, USA). Antibodies against phospho-smad2/3, phospho-p38,

phospho-ERK, smad2/3, p38, ERK, Snail, and E-cadherin were

purchased from Cell Signaling Technology, Inc. (Danvers, MA,

USA). The anti-glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) antibody was obtained from Santa Cruz Biotechnology,

Inc. (Santa Cruz, CA, USA).

2.2. Preparation of RGE

RGE was manufactured and kindly provided by the Korea

Ginseng Corporation (Daejeon, Korea). The extract was produced

from the roots of a 6-yr-old ginseng plant (P. ginseng Meyer) har-

vested in Korea. The fresh ginseng was steamed at 90e100�C for 3

h, and then dried at 50e80�C. RGE was extracted three times by

circulation in 85e90�C water for 8 h. The water content of the

pooled extract was 36% of the total weight. The analysis of RGE by

HPLC revealed the following contents of the major ginsenosides:

Rb1, 7.44 mg/g; Rb2, 2.59 mg/g; Rc, 3.04 mg/g; Rd, 0.91 mg/g; Re,

1.86 mg/g; Rf, 1.24 mg/g; Rg1, 1.79 mg/g; Rg2, 1.24 mg/g; Rg3, 1.39

mg/g; and other minor ginsenosides.

2.3. Mice

Five-week-old BALB/c mice (male, 20e21 g) were obtained

from Samtaco Korea (Osan, Korea). The animals were housed

under controlled conditions (22 � 1�C and 55 � 1% humidity) in a

laminar-airflow room. The research was performed in accordance

with internationally accepted principles of the Animal Care and

Use Committee of Wonkwang University (WKU-16-80).

2.4. Cell culture

The murine CRC cell line CT26, human CRC cell line HT29, hu-

man normal colon cell line CCD-18Co, and rat basophilic leukemia

mast cell line RBL-2H3 were obtained from Korean Cell Line Bank

(Seoul, Korea). HT29 cells were cultured in RPMI 1640, and CT26,

CCD-18Co, and RBL-2H3 cells were maintained in DMEM supple-

mented with 10% FBS and penicillinestreptomycin (100 U/mL) in a

humidified atmosphere of 5% CO2 at 37�C.

2.5. Cell viability

CT26 cells (3 � 103 cells/well) and HT29, CCD-18Co, RBL-2H3

cells (1 � 104 cells/well) were seeded in 96-well microplates. After

incubation for 24 h with various concentrations of RGE, water-

soluble tetrazolium (WST)-8 reagent (Enzo Life Sciences, Farm-

ingdale, NY, USA) was added in the fresh medium. The colori-

metric changes in absorbance were measured at 450 nm by a

microplate reader.

2.6. Western blotting

Harvested cells and tissues were lysed for 30 min in lysis

buffer (iNtRON Biotechnology, Seoul, Korea). After the cell lysates

were centrifuged, the protein concentration was measured by the

bicinchoninic-acid assay, and equal amounts of protein were

mixed with a 2� sample buffer. The total proteins were heated for

5 min at 95�C, separated by electrophoresis, and transferred

to polyvinylidene-difluoride membranes. The membrane was

blocked with 5% bovine serum albumin for 1 h and 30 min, and

the primary antibodies were added to membranes to detect the

specific proteins. After at least 3 h, the membranes were incu-

bated with horseradish-peroxidase-conjugated secondary anti-

bodies for 1 h. The secondary antibodies were detected using an

enhanced-chemiluminescence solution.

2.7. Immunofluorescence

For immunofluorescence staining, cells (5�103 cells/well) were

seeded in an eight-chambered slide, and allowed to adhere over-

night. After treatment with TGF-b1 and RGE, the cells were fixed

with 3.7% formaldehyde, washed in phosphate-buffered saline

(PBS) for 5 min, incubated with 0.1% Triton X-100/PBS for 10 min,

and then blocked with a blocking buffer (3% bovine serum albumin,

0.3% Triton X-100 in PBS) for 1 h. After aspiration of the blocking

buffer, the cells were incubated with primary antibodies overnight.

The signals of the Alexa 488- and Alexa 568-conjugated secondary

antibodies (Thermo Fisher Scientific) were observed and photo-

graphed using a Zeiss Observer A1 microscope (Carl Zeiss, Ober-

kochen, Germany).
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2.8. Adhesion assay

Cells (5 � 104 cells/well) were pretreated with RGE for 24 h, and

seeded in a Matrigel-coated 96-well plate for 4 h. The unattached

cells were removed by washing, and the attached cells were fixed

with 3.7% formaldehyde. After another wash with PBS, the cells

were stained with 0.05% crystal-violet solution for 10 min.

Randomly chosen fields were observed and images were obtained

using an EVOS microscope (Thermo Fisher Scientific) at 200�

magnification.

2.9. Wound-healing and invasion assays

For the wound-healing assay, the cells were plated in six-well

plates at 1 � 106 cells, and cultured until 80e90% confluent. The

confluentmonolayerwaswoundedwitha200-mLpipette tip, and the

unattached cells were removed. The scratches were observed at 0 h

and 24 h after incubation of the monolayers in the FBS-free medium

plus the indicated concentrations of RGE. The invasion assay was

conducted by using a Matrigel-coated Transwell chamber with 8.0-

mm pore size. The upper part of the chamber was filled with cells

(2.5�104 cells/250 mL), and the lower part of the chamber was filled

with DMEM plus 10% FBS. After incubation with RGE for 72 h, the

attached cellswere fixedwith 3.7% formaldehyde andpermeabilized

by 100% methanol. The inner side of the chamber was stained with

Giemsa solution, and the images were photographed under an EVOS

phase-contrast microscope (Thermo Fisher Scientific).

2.10. Gelatin zymography

Gelatin zymography was conducted using a Zymogram buffer

kit (KOMA BIOTECH, Seoul, Korea). The cells were incubated in six-

well plates (5 � 105 cells/well), and treated with RGE for 24 h. A

sample of the conditioned medium was collected and mixed with

2� sample buffer. MMP-9 was separated by electrophoresis in 8%

sodium dodecyl sulfateepolyacrylamide gel electrophoresis gel

containing 1% gelatin. The gels were washed in a renaturing buffer

and incubated in a developing buffer at 37�C for 24 h. To determine

the level of the MMP activity, the gels were stained with Coomassie

Blue R-250 solution and destained with a destaining buffer (40%

methanol and 10% acetic acid in distilled water).

2.11. Real-time reverse transcriptionepolymerase chain reaction

RNA-spin Total RNA Extraction Kit (iNtRON Biotechnology) was

used to extract RNA in accordancewith the recommended protocol.

cDNAwas synthesized from total RNAusing a high-capacity RNA-to-

cDNA Kit (Applied Biosystems, Foster City, CA, USA), and amplified

by StepOnePlus Real-Time PCR System (Applied Biosystems). The

sequences of the primers used for themouse genesweremmp-9, 50-

AGACCAAGGGTACAGCCTGTTC-30 and 50-GGCACGCTGGAATGATC-

TAAG-30; and GAPDH, 50-GACATGCCGCCTGGAGAAAC-30 and 50-

AGCCCAGGATGCCCTTTAGT-30. The sequences of the primers used

for human genes were MMP-9, 50-GAACCAATCTCACCGACAGG-30

and 50-GAAACCCGAGTGTAACCATA-30; and b-actin, 50-AGAGCTAC-

GAGCTGCCTGAC-30 and 50-CGTGGATGCCACAGGACT-30. All data

were normalized to GAPDH or b-actin mRNA levels.

2.12. Lung-metastasis mice model

CT26 cells were harvested and intravenously inoculated (2� 105

cells/200 mL/mouse) using an insulin syringe. The mice were

sacrificed 2 wk after the injection, and lung tissue was fixed with

Bouin’s solution. The inhibitory effect of RGE on colorectal lung

Fig. 1. Cell viability of Korean Red Ginseng extract (RGE)-treated colorectal cancer cells and normal cells. (A) CT26, (B) HT29, (C) CCD-18Co, and (D) RBL-2H3 cells were seeded in a

96-well microplate, and treated with RGE (0e1,000 mg/mL) for 24 h. The effects of RGE on cell proliferation were measured by WST assay. The results are expressed as the

mean � standard deviation of three independent experiments.*p < 0.05. TGF-b, transforming growth factor-b.
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metastasis was evaluated through the counting of metastatic

nodules on the lung surface.

2.13. Statistical analysis

All statistical analyses were performed by Student t test using

SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL, USA). The

results are presented as the mean � standard deviation of three

independent experiments. Values of p< 0.05 were considered to be

statistically significant.

3. Results

3.1. Effects of RGE on the cell viability of CRC cells and normal colon

cells

Various concentrations of RGE (0e1,000 mg/mL) were adminis-

tered to CT26 and HT29 cells to evaluate the effect of RGE on the

viability of CRC cells usingWST reagent. As shown in Fig. 1A and 1B,

high concentrations of RGE (400e1,000 mg/mL) reduced the

viability of CT26 cells, whereas the viability of HT29was unaffected.

Fig. 2. Korean Red Ginseng extract (RGE) suppressed epithelialemesenchymal transition through the expression of Snail and E-cadherin via the Smad- and mitogen-activated

protein kinase signaling pathways. (A) Effects of RGE on morphological changes of transforming growth factor-b1 (TGF-b1)-induced epithelialemesenchymal transition in HT29

cells. The cells were treated with TGF-b1 (10 ng/mL) and RGE (200e600 mg/mL) for 72 h. (B) The expression of E-cadherin and N-cadherin was detected by immunofluorescence in

(C) HT29 cells. The cells were plated in an eight-chambered slide and treated with various concentrations of RGE in the presence or absence of TGF-b1 for 72 h, respectively. (C) and

(D) The Smad2/3- and p38/ERK-signaling pathways in TGF-b1-treated HT29 cells. TGF-b1 and RGE (200e600 mg/mL) were treated to cells for 72 h. (C) The phosphorylation of

Smad2/3, p38, and ERK, and (D) the protein expressions of Snail and E-cadherin were confirmed by Western blotting. ERK, extracellular signal-regulated kinase; GAPDH, glycer-

aldehyde-3-phosphate dehydrogenase.
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To elucidate whether the RGE-induced antiproliferative effect was

specific to CT26 cells, we confirmed the viability of normal colon

cells and mast cells after RGE treatment. RGE did not decrease the

viability of CCD-18Co cells (Fig. 1C); however, 800 and 1,000 mg/mL

RGE inhibited the proliferation of RBL-2H3, murine-derived mast

cells (Fig.1D). From these results, 200e600 mg/mL RGEwas selected

for the experiments to evaluate the inhibitory effect on EMTand the

metastatic phenotypes of HT29 cells.

3.2. Effects of RGE on the EMT and related mechanisms in CRC cells

To investigate the effect of RGE on TGF-b1-induced EMT, the

morphology of cells was observed under a microscope. As shown in

Fig. 2A, treatment with TGF-b1 changed the morphology of HT29

cells to the mesenchymal phenotype, whereas the untreated cells

displayed the epithelial phenotype. The treatment with RGE

reduced the typical mesenchymal features, such as spindle-like and

elongated shapes. The effect of RGE on the expression of E-cadherin

and N-cadherin was determined in the CT26 and TGF-b1-treated

HT29 cells by immunofluorescence staining, which confirmed the

suppressive role of RGE during the EMT process. The expression of

E-cadherin was increased, whereas N-cadherin expression was

decreased in CT26 cells compared with TGF-b1-only-treated cells

(Fig. 2B).

The TGF-b1-induced EMT is mediated via the Smad- and MAPK-

signaling pathways. Smad2/3, p38, and ERK are phosphorylated by

TGF-b1 stimulation, and the activation of these factors can induce

the EMT through the regulation of the transcription factors and

target genes. Snail, a transcription factor, controls the EMT through

the direct repression of E-cadherin in cancer cells [3]. This study

investigated whether RGE could decrease the phosphorylation of

Smad2/3, p38, and ERK in the TGF-b1-treated HT29 cells. TGF-b1

treatment promoted phosphorylation of p38, ERK, as well as

Smad2/3 in HT29 cells. Interestingly, the RGE treatment reduced

the TGF-b1-induced phosphorylation of Smad2/3, p38, and ERK

(Fig. 2C). Moreover, the epithelial marker E-cadherin was down-

regulated and the mesenchymal marker Snail was upregulated by

the TGF-b1 treatment. However, RGE increased the E-cadherin

expression and decreased the Snail expression in the TGF-b1-

treated HT29 cells (Fig. 2D). These results demonstrated that RGE

inhibited the activation of Smad-dependent and Smad-

independent MAPK-signaling pathways in the TGF-b1-treated

HT29 cells.

3.3. Effects of RGE on the adhesion, migration, and invasion ability

of CRC cells

To determine the effects of RGE on the metastatic abilities of

CRC cells, we performed adhesion, wound-healing, and invasion

assays in CT26 and HT29 cells. The adhesion, migration, and in-

vasion abilities of CT26 cells were suppressed by RGE (50e200 mg/

mL) treatment in a dose-dependent manner (Fig. 3). Additional

Fig. 3. Korean Red Ginseng extract (RGE) inhibited adhesion, migration, and invasion in CT26 cells. (A) Adhesion assay; CT26 cells (3 � 103 cells/well) were incubated in a Matrigel-

coated 96-well plate in the presence of RGE (50e200 mg/mL) for 24 h. (B) Wound healing assay; CT26 cells (1 � 106 cells/well) were seeded in a six-well microplate and incubated

until 90% confluent. The monolayers were wounded and cultured with RGE (50e200 mg/mL) for 24 h. (C) Invasion assay; CT26 cells (2.5 � 104 cells/well) were added to the upper

side of a Matrigel-coated Transwell chamber with RGE (50e200 mg/mL) for 24 h. The inner side of the membrane was stained to confirm the invasion ability of cells.

J Ginseng Res 2019;43:68e7672



experiments were performed to evaluate the effects of RGE on

human-derived CRC cells using the TGF-b1-treated HT29 cells. As

shown in Fig. 4, the TGF-b1 (10 ng/mL) treatment enhanced

cancer-cell adhesion, migration, and invasion. However, RGE

(200e600 mg/mL) prevented the TGF-b1-induced adhesion,

migration, and invasion of HT29 cells. These results indicated that

RGE may inhibit metastatic abilities through the suppression of

EMT in CRC cells.

3.4. Effects of RGE on the expression and activity of MMP-9 in CRC

cells

The MMP family comprises extracellular-matrix-degrading en-

zymes that promote the migration and invasion of cancer cells.

MMP-9, a type IV collagenase, contributes to tumor progression

and metastasis. TGF-b1 can induce the upregulation of MMP-9 in

various cancer cells [20]. Therefore, we conducted zymography to

detect the activity of MMP-9 after the treatment of RGE to CT26

cells. The RGE (50e200 mg/mL) treatment suppressed the MMP-9

activity in CRC cells (Fig. 5A). Additionally, it was observed that

RGE (200e600 mg/mL) inhibited the TGF-b1-induced MMP-9 ac-

tivity of HT29 cells (Fig. 5B). Moreover, the mRNA expression level

of MMP-9 was downregulated by the RGE treatment in a dose-

dependent manner in CT26 and HT29 cells (Fig. 5C and 5D).

These results indicated that RGE inhibited the expression and ac-

tivity of MMP-9 in CRC cells.

3.5. Effects of RGE on colorectal lung metastasis and EMT in

experimental mice models

CT26 cells were intravenously injected into mice as models of

lung metastasis to evaluate the antimetastatic effect of RGE in an

in vivo experiment. As the differences between groups were not

statistically significant, it was considered that the 2-wk oral

administration of RGE did not exert any toxicity in mice (Table 1).

RGE inhibited the lung metastasis of CT26 cells compared with the

control group (Fig. 6A), and significantly decreased the number of

tumor nodules (Fig. 6B). The lungswere homogenized and analyzed

by Western blotting to confirm the regulatory effect of RGE on the

EMT of CT26 cells. The RGE administration decreased the expres-

sion of Snail, but increased the expression of E-cadherin (Fig. 6C).

Moreover, the phosphorylation of Smad2/3, p38, and ERK was

decreased by the oral administration of RGE (Fig. 6E). The relative

density of bands is shown in Fig. 6D and 6F. These results indicated

that RGE suppressed the colorectal lung metastasis through the

inhibition of the EMT in CRC cells.

4. Discussion

Approximately 60% of patients with CRC develop metastatic

diseases, and the main cause of CRC-related mortality is colorectal

metastasis [1]. In a previous study, it was reported that RGE

reduced the proliferation, motility, and invasion of the human CRC

Fig. 4. Korean Red Ginseng extract (RGE) inhibited the transforming growth factor-b (TGF-b)-induced adhesion, migration, and invasion abilities of HT29 cells. (A) Adhesion assay;

HT29 cells (1 �104 cells/well) were seeded in a Matrigel-coated 96-well plate and treated with TGF-b1 (10 ng/mL), in the presence or absence of RGE (200e600 mg/mL) for 24 h. (B)

Wound healing assay; HT29 cells (2 � 106 cells/well) were plated in a six-well plate and cultured until 90% confluent. The cells were scratched with a pipette tip and incubated with

TGF-b1 with or without RGE (200e600 mg/mL) for 72 h. (C) Invasion assay; HT29 cells (5 � 104 cells/well) were seeded on the upper side of a Matrigel-coated Transwell chamber

with TGF-b1 in the presence or absence of RGE (200e600 mg/mL) for 72 h. The inner side of the chamber was stained with Giemsa solution.
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cell line SW480. In addition, colorectal lung metastasis was

inhibited by RGE via the decreased expression of MMP-2 andMMP-

9 [16]. However, the inhibitory properties and molecular mecha-

nisms of RGE on the EMT of CRC cells have not been investigated.

This study first confirmed the RGE concentrations that did not

affect the viability of CRC cells and normal cell lines. RGE (400e

1,000 mg/mL) decreased the viability of CT26 cells, whereas 1,000

mg/mL RGE did not affect the viability of HT29 cells. Additionally, a

maximum dose of 600 mg/mL RGE did not cause cytotoxicity in the

normal cell lines CCD-18Co and RBL-2H3 cells (Fig. 1). Based on

these results, the RGE treatment was administered up to concen-

trations of 200 mg/mL and 600 mg/mL on the CT26 and HT29 cells,

respectively.

EMT is a multistage process that includes the downregulation of

cellecell adhesion and intercellular interactions, an increase in

mesenchymal features, and the acquisition of migration and inva-

sion ability. TGF-b1 is a typical inducer of EMT via the Smad-

dependent or Smad-independent signaling pathway in CRC cells

[21]. In this study, the TGF-b1-treated HT29 cells showed mesen-

chymal features, such as spindle-cell-like morphology, the down-

regulation of E-cadherin, and the upregulation of N-cadherin,

whereas the RGE-treated cells were restored to epithelial pheno-

types (Fig. 2A and 2B). Ginsenoside Rg3 (Rg3), a specific compound

found in Korean Red Ginseng, exerted an inhibitory effect on the

EMT in lung-cancer cells. Rg3 also inhibited the EMT of human

nonsmall-cell lung carcinoma cells, including the A549, H1299, and

H358 cell lines, through the downregulation of fucosyltransferase 4

[22]. Moreover, the TGF-b1-induced EMT was suppressed by Rg3

through the Smad2/p38 signaling-mediated expression of

vimentin/Snail/E-cadherin in A549 cells [23]. As expected, RGE

inhibited the upregulation of Snail and the downregulation of E-

cadherin expression via the Smad2/3 and MAPK (ERK and p38)

signaling pathways in the TGF-b1-treated HT29 cells (Fig. 2C and

2D). These inhibitory effects of RGE on the EMT via Smad-/MAPK-

signaling-mediated Snail/E-cadherin expression were confirmed in

the metastatic lung tissues (Fig. 6Ce6F).

Metastasis is a multicellular process that involves the adhesion,

migration, and invasion of cancer cells [24]. Metastatic cancer cells

acquire mesenchymal phenotypes through the process of EMT,

migrate directly to lymphatic and blood vessels, and release type IV

collagenase MMP-2 and MMP-9 to degrade the basement mem-

branes and trigger the invasive process [20]. Ginsenoside Rd has an

antimetastatic effect on human hepatocellular carcinoma through

the inhibition of the adhesion, migration, and invasion of HepG2

Fig. 5. Korean Red Ginseng extract (RGE) reduced the expression and activity of matrix metalloproteinase (MMP)-9 in colorectal cancer cells. (A) and (B) Activity of MMP-9 from

RGE-treated (A) CT26 and (B) HT29 cells. CT26 cells (5 � 105 cells/well) were incubated in a six-well plate with RGE (50e200 mg/mL) for 24 h. HT29 cells (1 � 106 cells/well) were

seeded in a six-well microplate and treated with transforming growth factor-b1 (TGF-b1) in the presence or absence of RGE (200e600 mg/mL) for 72 h. The supernatant was

harvested and used for gelatin zymography. (C) and (D) mRNA expression of MMP-9 in RGE-treated (C) CT26 and (D) HT29 cells. The results are expressed as the mean � standard

deviation of three independent experiments. *p < 0.05.

Table 1

Effects of RGE on parameters of liver and kidney function in CT26-injected mice

Groups ALT (IU/L) AST (IU/L) Creatinine

(mg/dL)

BUN (mg/dL)

RGE 0 mg/kg 270.7 � 5.6 107.2 � 7.5 0.17 � 0.036 22.2 � 2.8

RGE 100 mg/kg 281.5 � 4.4 104.8 � 4.9 0.15 � 0.035 20.6 � 2.7

RGE 200 mg/kg 277 � 6.4 106.5 � 2.7 0.19 � 0.039 22.8 � 2.5

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea

nitrogen
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cells [25]. In this study, RGE inhibited the adhesion, migration, and

invasion of CT26 and HT29 cells (Figs. 3 and 4). The activity and

expression of MMP-9 were also decreased by the RGE treatment in

both CRC cell types (Fig. 5). Moreover, the RGE administration

inhibited the lung metastasis of CT26 cells through the regulation

of EMT via the Smad2/3- and p38/ERK signaling pathways (Fig. 6).

The RGE-induced decrease in the suppression of the EMT and the

metastatic abilities of CRC cells might lead to the inhibition of

colorectal metastasis.

Collectively, this study demonstrated that RGE prevented colo-

rectal lung metastasis through the inhibition of EMT and the met-

astatic phenotypes of CRC cells. RGE decreased the TGF-b1-induced

EMT, such asmesenchymal-likemorphologic changes by regulation

of the expression of E-cadherin and Snail via the Smad/p38/ERK-

signaling pathway. Additionally, the metastatic abilities of CRC

cells, including adhesion, migration, and invasion, were reduced by

the RGE treatment. These results indicated the potential of RGE as a

novel chemopreventive agent and adjuvant medicine for colorectal

metastasis.
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