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ABSTRACT 

 

Ginsenoside Rh2 has been reported to inhibit cancer cell growth and induce 

apoptosis. The Rh2 has two stereoisomeric forms, 20(S) and 20(R) that have 

been reported different biological activities. 20(S)-Rh2 mainly has been 

focused of its anti-cancer and anti-inflammatory effects. However, it is poorly 

understood whether 20(S)-Rh2 and 20(R)-Rh2 can suppress tumor invasion in 

human colorectal cancer cells. Here, this study demonstrated that 20(S)-Rh2 

strongly inhibited IL-6-induced signal transducer and activator of 

transcription 3 (STAT3) activation than that of 20(R)-Rh2. 20(S)-Rh2 

inhibited STAT3 activation in HCT116 cells when cells were incubated with 

or without IL-6 stimulation. In addition, this compound effectively inhibited 

the levels of matrix metalloproteinases (MMPs), including MMP-1, -2, -3 and 

-9 that are known to be regulated by STAT3, resulting in suppression of the 

tumor cell invasion in colorectal cancer cells. In parallel, the expression levels 

of MMPs and tumor cell invasion were suppressed by siSTAT3. The 

pharmacological activities of 20(S)-Rh2 were identified to be associated with 

inhibition of the STAT3 upstream regulator JAK2 activation. Interestingly, 

these inhibitory activities of 20(S)-Rh2 were more potent than those of 20(R)-

Rh2. This study further found that 20(S)-Rh2 synergistically enhanced 

cytotoxicity of HCT116 cells in combinational treatment with other anti-

cancer agents, suggesting ginsenoside 20(S)-Rh2 has a promising therapeutic 

potential against colorectal tumor metastasis as well as to be a combinational 

partner with classic chemotherapeutic agents in treatment of colorectal cancer. 
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INTRODUCTION 

 

Ginseng, the root of Panax ginseng C.A. Meyer, is one of the most famous 

medicinal plants. It has been used for a long time in Oriental medicine for the 

treatment of various human diseases, especially cancer. Ginsenosides are the 

main effective components of ginseng extracts and have multiple biological 

activities without influencing normal cells. (1, 2) However, the bioavailability 

of ginsenosides in white ginseng is low because of incomplete compound 

absorption. Compared with white ginseng extracts, red ginseng extracts 

represented stronger anti-cancer activities, especially in colorectal cancer. The 

red ginseng has been shown the ability of cancer prevention and also 

treatment for colorectal cancer. (3, 4) The Rh2 is one of the major effective 

components of red ginseng extracts and classified into 20(S) and 20(R), 

according to the orientation of hydroxyl group of carbon at R3 position. 

Depending on the difference of stereochemistry, two stereoisomeric forms 

represent distinct biological effects. These Rh2 have been known for its anti-

cancer effect by inhibiting cell growth and inducing apoptosis. (5, 6) The Rh2 

reduces cell proliferation through modulation of mitogen-activated protein 

kinases (MAPKs) in prostate cancer cells and arresting G1 to S phase cell 

cycle in breast and intestinal cancer cells. These compounds can also increase 

apoptosis by activation of caspase-3 and Fas signaling pathway in hepatoma 

and colon cancer cells. (5) Recent studies mainly have been focused on the 

anti-cancer effects of 20(S)-Rh2. However, these biological effects of 20(S)-
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Rh2 and 20(R)-Rh2 are poorly identified in colorectal cancer cell invasion 

and signaling cascades.  

Colorectal cancer (CRC) has a high incidence rate worldwide and mortality 

with malignancy as lethal cancer. Occurrence rate of CRC increases annually 

and almost 50% of CRC patients eventually die from this cancer. (7) The 

main reason of cancer-related death is not the primary tumor, but the distant 

metastasis. It has been demonstrated that tumor invasion plays a critical role 

in CRC malignancy by contributing to tumor metastasis. Colorectal cancer is 

prone to metastasis, which is the main cause for CRC patients who were 

related with death within 5 years after diagnosis. (8, 9) However, there is no 

clear developed therapy for CRC treatment even surgical treatment after the 

cancer metastasis. Many metastatic CRC patients rely on substitute treatment 

for conventional chemotherapy using natural products such as ginseng. Since 

conventional therapy agents for CRC have side effect and limited efficacy, 

study for the development of new treatment is necessary in order to increase 

the survival of CRC patients. Ginsenoside has been studied as an alternative 

treatment in CRC reducing cancer cell proliferation and using as 

chemoprevention. (3, 4) Recent evidence suggests that signal transducer and 

activator of transcription 3 (STAT3) can be a therapeutic target for CRC 

treatment. STAT3 activation has been known as a major factor in colon 

carcinogenesis and is also involved in the process of metastasis. (10) 

The transcription factor STAT3 is crucial for cellular responses to 

cytokines and growth factors in normal conditions which, contributes to a 

numbers of biological functions such as cell differentiation, proliferation, 
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development, hematopoiesis, and immune responses. (11) However, 

consistently activated STAT3 signaling is observed in human cancer patients 

and tumor-derived cell lines which implies the importance of STAT3 

activation in tumorigenesis and cancer progression. These evidences indicate 

that inappropriate activation of STAT3 signaling occurs with surprisingly 

high frequency in human cancers, including CRC. (7, 12) Therefore, 

regulation of abnormally activated STAT3 signaling is valuable therapeutic 

targets for the treatment of human cancers. Binding of ligands to their cognate 

receptors phosphorylates tyrosine-705 residue in STAT3 protein, forms stable 

homo- or hetero-dimers with other STAT proteins, translocates to the nucleus, 

and binds to specific promoter region of DNA. (13, 14) A series of signaling 

cascades regulate the expression of a wide range of genes, including 

oncogenic genes, which are associated with cell proliferation, survival, 

migration, invasion, and tumor metastasis. Interleukin-6 (IL-6) is a well-

known and most studied cytokine in tumor-associated STAT3 signaling. (15) 

A major signature cytokine in tumor development and metastasis, IL-6 is a 

pro-inflammatory cytokine associated in invasive colorectal cancer through 

crosstalk between tumor and immune cells in tumor microenvironment. (16) 

In addition, IL-6 activates STAT3 signaling that is associated with 

tumorigenesis, especially intestinal and metastasis. (17, 18) Actually, 72.6% 

of primary colon carcinoma tissues showed immunopositivity for 

phosphorylated STAT3 and also correlated with the expression of IL-6 in 

invasive cancer phenotype. (19) These findings suggest that IL-6-induced 

STAT3 signaling is activated and correlates with tumor invasion in CRC. (20) 
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In this study, I demonstrated the inhibitory effects of 20(S)-Rh2 and 20(R)-

Rh2 on STAT3 activation and tumor invasion in CRC. 20(S)-Rh2 effectively 

inhibited STAT3 activation in CRC cells independent of IL-6 stimulation. 

This result was associated with the attenuation of STAT3 upstream regulator 

JAK2 activation. As a results, 20(S)-Rh2 inhibited the expression of STAT3 

target genes matrix metalloproteinases (MMPs), including MMP-1, -2, -3 and 

-9, resulting in suppression of cancer cell invasion. These inhibitory effects of 

20(S)-Rh2 were more potent than those of 20(R)-Rh2. I further observed that 

20(S)-Rh2 sensitized synergistic cytotoxicity of other anti-cancer agents, such 

as cisplatin and doxorubicin in colorectal cancer cells. These results suggest 

that ginsenoside 20(S)-Rh2 is a promising therapeutic candidate with 

combinational treatment in colorectal tumor metastasis and may be relevant 

for the treatment in patients with CRC. 
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MATERIALS AND METHODS 

 

Cell lines and culture conditions 

Human colorectal cancer cell line HCT116 was purchased from the 

Korean Cell Line Bank (KCLB, Korea) and maintained in RPMI media (Life 

Technologies, Inc., Gaithersbrug, MD, USA) containing 10% fetal bovine 

serum (FBS, Life Techologies Inc.) and 1% penicillin/streptomycin solution 

(Life Technologies Inc.). Another human colorectal cancer cell line SW620 

was obtained from American Type Culture Collection (ATCC, Manassas, VA, 

USA), and maintained in Dulbecco's Modified Eagle’s Medium (DMEM) 

containing 10% FBS and 1% penicillin/streptomycin solution. These cells 

were cultured at 37oC with 5% CO2 atmosphere in a humidified incubator. 

 

Western blot analysis 

After treatment, cells were washed twice with ice-cold PBS, and lysed in 

a lysis buffer (50mM Tris-HCl, pH 7.4, 350 mM NaCl, 0.5% NonidetP-40, 10% 

glycerol, 0.1% sodium dodecyl sulfate (SDS), and 1% Triton X-100). The 

lysates were collected by centrifuge for 20 min at 13,000 rpm at 4oC and 

boiled with SDS loading buffer. The amounts of protein were quantified using 

a bio-rad protein assay (Bio-rad, Hercules, CA, USA). Proteins were 

separated by SDS-poly acrylamide gel electrophoresis (SDS-PAGE) and 

transferred onto nitrocellulose (NC) membranes (Whatman, Atlanta, GA, 

USA). The membranes were blocked in blocking buffer (5% skim milk in 150 

mM NaCl, 25 mM Tris, pH 7.4, and 0.1% Tween20) and subsequently 
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incubated with specific primary antibodies for the target molecules. The 

membranes were then washed with Tris-buffered saline containing 0.1% 

Tween 20 (TBS-T) and further incubated with horseradish peroxidase (HRP)-

conjugated secondary antibodies for 1 h at room temperature. After washing 

with TBS-T, the signals were visualized using the Super Signal West Femto 

Chemiluminescent Substrate (Thermo Fisher Scientific, Waltham, MA, USA). 

 

Cell viability assay 

The cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl-tetrazolium bromide (MTT) assay (Sigma-aldrich, Saint Louis, MO, 

USA). To examine the effects of reagents on cell viability, cells were seeded 

at a density of 10,000 cells per well in 96-well plates. After overnight, the 

cells were incubated with either dimethyl sulfoxide (DMSO) as a vehicle or 

various concentrations of 20(S)-Rh2 or 20(R)-Rh2 in the presence or absence 

of anti-cancer agent for 24h. After add 100 l of MTT (5 mg/ml), the cells 

were further incubated for 4 h at 37oC incubator and removed the MTT 

solution. The MTT formazan was dissolved in DMSO and absorbance was 

measured at 540nm with an ELISA plate reader (Molecular Devices, CA, 

USA). 

 

RNA isolation and quantitative real-time PCR 

Total RNA was isolated using a Trizol reagent (Favorgen biotech corp., 

Taiwan) and cDNA was synthesized using ReverTra Ace qPCR RT Master 

Mix kit (TOYOBO, Osaka, JAPAN). Quantitative real time-PCR was 
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performed using the SYBR Green PCR mix (Abm, Richmond, Canada) with 

an Applied Biosystems 7300 Real-time PCR system (Life Technologies, Inc.). 

Primers were purchased from Qiagen (Qiagen, Valencia, CA, USA) and the 

raw data were analyzed using comparative Ct quantification. 

 

Cell invasion assay  

Cell invasion assay was performed in a Boyden chamber system (Neuro 

Probe, Gaithersburg, MD, USA). Cells (4104) were placed on top of matrigel 

(BD Biosciences, San Jose, CA, USA) layer inside the chamber with 100 l 

of RPMI containing 1% FBS in the presence or absence of 20(S)-Rh2 or 

20(R)-Rh2. The lower well was filled with 500 l of 10% RPMI containing 

epidermal growth factor (EGF, 5 ng/ml). Chambers then incubated at 37oC for 

48 h. After migration of cells, matrigel in upper chamber was wiped off. The 

upper chamber was dipped into fixer and transferred into Diff-Quik solution 

(Sysmex Corp. Kobe, Japan). The membranes detached from upper chamber 

were rinsed in distilled water to remove excess stain and gently moved onto 

slideglass. The migrated cells were captured using an inverted microscope 

(Olympus, Germany). 

 

Statistical analysis 

Data are represented as the mean ±standard error of the mean (SEM). 

Statistical significance was determined by a two-tailed Student’s t-test and 

analyzed Graph Pad Prism 6 (Graph Pad Software, Inc., San Diego, CA, 

USA). The differences were considered significant for p<0.05. 
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RESULTS 

 

Differential cytotoxic effects of ginsenosides, 20(S)-Rh2 and 20(R)-Rh2 

Ginsenosides are the main components that are extracted from ginseng. 

Among the ginsenosides, Rh2 is a major effective component because of its 

high bioavailability and contains two stereomeric forms as alpha and beta by 

different arrangement of hydroxyl group at C-20 position. 20(S)-Rh2 contains 

beta form, while 20(R)-Rh2 contains alpha form, respectively (Figure 1A). 

Although numerous biological activities of Rh2 were identified, the 

differential biological activities are not well understood. To compare their 

differential activities, I first performed MTT assay to determine the effects of 

20(S)- and 20(R)-Rh2 on cell viability. The 20(S)-Rh2 exhibited cytotoxic 

activity in vitro at concentrations of 15 to 30 M in colorectal cancer cell line 

HCT116 when cells were incubated for 24 h. However, 20(R)-Rh2 did not 

affect cell viability at concentrations of up to 30 M (Figure 1B). Cell 

morphology was photographed when cell were incubated with either 20(S)-

Rh2 or 20(R)-Rh2 at 10 M for 24 h. Consistent with MTT assay, the cell 

viability and morphology were not influenced, compared with DMSO-treated 

group (Figure 1C). These results suggest that the biological activities of Rh2 

may depend on the position of hydroxyl group at C-20. To exclude cytotoxic 

effects of 20(S)-Rh2, the following in vitro experiments were performed up to 

10 μM concentration of 20(S)-Rh2. 
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20(S)-Rh2 inhibited STAT3 activation in CRC cells 

To verify the ability of 20(S)- and 20(R)-Rh2 in CRC cells, I first examined 

the effects of both Rh2 compounds on STAT3 phosphorylation, which 

contributes to CRC malignancy. (21) 20(S)-Rh2 effectively inhibited tyrosine 

phosphorylation of STAT3 in a dose- and time-dependent manner without 

affecting total STAT3 expression in CRC cell line HCT116 (Figures 2A and 

B). STAT3 phosphorylation was dramatically inhibited at 5 and 10 M of 

20(S)-Rh2 for 3 h of incubation. IL-6 plays an important role in activating 

STAT3 signaling and contributes tumor progression and metastasis in CRC. 

Indeed, elevated IL-6 expression was observed in patients with colorectal 

cancer tissues, suggesting the importance of IL-6 in CRC initiation and 

development. (18, 22) Therefore, I investigated whether 20(S)- and 20(R)-

Rh2 could inhibit IL-6-induced STAT3 activation in HCT116 cells. Western 

blot analysis showed that 20(S)-Rh2 effectively inhibited IL-6-induced 

tyrosine phosphorylation of STAT3 in a dose- and time-dependent manner 

and these results were similar with those of endogenous STAT3 activation 

(Figures 2C and D). Although this compound effectively inhibited tyrosine 

phosphorylation of STAT3 in both CRC cell lines HCT116 and SW620, 

20(R)-Rh2 exhibited no inhibitory activity in those cells. Interestingly, 20(S)-

Rh2 did not affect phosphorylation of serine residue in STAT3. The inhibitory 

effects of both Rh2 compounds were compared with AG-490, a pan-JAK 

inhibitor. AG-490 effectively inhibited STAT3 phosphorylation in both cells. 

(Figures 2E and F). These results indicate that 20(S)-Rh2 is a small molecule 
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STAT3 inhibitor, specifically by inhibition of tyrosine residue, but not serine 

residue. 

 

 

20(S)-Rh2 inhibited JAK-2-mediated STATs signaling cascades 

Janus kinases (JAKs) are upstream signaling of cytokine-induced STAT 

activation. Specifically, JAK2 is an important upstream signaling of IL-6-

mediated STAT3 activation. I therefore examined whether inhibition of 

STAT3 activation by 20(S)-Rh2 is mediated by its upstream JAK2 signaling. 

JAK2 phosphorylation was markedly increased by IL-6 stimulation in 

HCT116 cells, whereas 20(S)-Rh2, similarly to AG-490, inhibited this 

phosphorylation of JAK2, but not that of 20(R)-Rh2. (Figure 3A). In parallel 

with this result, 20(S)-Rh2 effectively inhibited tyrosine phosphorylation of 

IL-6-induced STAT1 and STAT3. However, 20(R)-Rh2 did not inhibit 

phosphorylation of these proteins (Figure 3B). These results indicated that the 

inhibition of STAT1 and STAT3 activation by 20(S)-Rh2 was involved in 

suppression of JAK2 phosphorylation. 
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Targeted-STAT3 silencing suppressed MMPs expression and tumor cell 

invasion 

Activation of STAT3 signaling cascades increases migration and invasion 

of tumor cells by induction of various genes such as MMPs, resulting in tumor 

metastasis. However, STAT1 signaling has been known for no significant 

influence on MMPs expression and tumor metastasis. (23, 24) To examine the 

functional role of STAT3 in CRC invasion, STAT3 levels were silenced by 

transfection with STAT3-specific siRNA in HCT116 cells. STAT3 expression 

and activation were effectively silenced by STAT3-specific siRNA, which 

was identified by RT-PCR and Western blot analysis (Figures 4A and B). To 

investigate the functional role of STAT3 in CRC, quantitative real-time PCR 

was performed to measure the mRNA levels of MMPs, which are STAT3 

target genes and essential for tumor cell invasion in CRC. (21) The mRNA 

levels of MMPs, including MMP-1, -2, -3 and -9 were effectively suppressed 

by STAT3 knockdown (Figure 4C). In addition, CRC cell invasion was also 

decreased by STAT3 knockdown in the cells, compared with control siRNA 

(Figure 4D). These results clearly indicate that activation of STAT3 and 

downstream signaling play important role in CRC invasion and targeting this 

signaling is a promising therapeutic potential in patients with CRC. 
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20(S)-Rh2 inhibited MMPs expression and tumor cell invasion  

The aforementioned results suggested that STAT3 activation is essential for 

CRC invasion and suggested to determine whether Rh2 compounds could 

inhibit MMPs expression and tumor cell invasion. Stimulation of IL-6 

increases the mRNA levels of MMPs, including MMP-1, -2, -3 and -9 in 

HCT116 cells. I observed that treatment with 20(S)-Rh2 effectively inhibited 

the levels of these genes and the inhibitory activities were much stronger than 

those of 20(R)-Rh2 (Figures 5A-D). In the case of MMP3, 20(R)-Rh2 

revealed a significant decrease (Figure 5C). To identify the functional effects 

of Rh2 compounds, I performed a matrigel invasion assay. Results showed 

that CRC cell invasion was increased by IL-6 stimulation, compared with 

DMSO-treated control group. Treatment with 20(S)-Rh2 dramatically 

suppressed tumor cell invasion, while 20(R)-Rh2 exhibited marginally to no 

inhibitory effect (Figure 5D). These results indicate that the inhibition of 

STAT3 signaling by 20(S)-Rh2 plays an important role in the suppression of 

CRC invasion and tumor metastasis. 
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Combination with 20(S)-Rh2 and anti-cancer reagents enhanced anti-

cancer effect 

To investigate whether the combination therapy of 20(S)-Rh2 with other 

anti-cancer agents can increase the cytotoxic effects on human colorectal 

cancer cells, MTT assay was performed on HCT116 cells. HCT116 cells were 

treated with 5 or 10 μM of 20(S)-Rh2 in combination with either cisplatin or 

doxorubicin with various concentrations. The combination with 20(S)-Rh2 

exhibited stronger cytotoxic activities than single treatment of each anti-

cancer reagent when cells were incubated for 24 h (Figure 6). As shown the 

results, combination treatment with 5 μM of 20(S)-Rh2 and 2.5 μM of 

cisplatin or doxorubicin decreased HCT116 cell viability similarly when 

treated with 5 μM of each agent by itself. Furthermore, 1.25 μM of cisplatin 

or doxorubicin with 10 μM of 20(S)-Rh2 have decreased cell viability 

similarly to 5 μM of each agent. 20(S)-Rh2 can reduce the treatment 

concentration of anti-cancer agents, acting synergistically with conventional 

chemotherapeutic agents on HCT116 cells. These results suggested that 

20(S)-Rh2 might have potential therapeutic benefits in combinational 

treatment with other anti-cancer agents to increase the therapeutic effects in 

CRC. 
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(B) 

 

(C) 
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Figure 1. Differential cytotoxic effects of ginsenosides, 20(S)-Rh2 and 

20(R)-Rh2. (A) Chemical structures of two stereomeric forms of ginsenoside 

Rh2. (B) HCT116 cells were treated with various concentrations of 20(S)-Rh2 

or 20(R)-Rh2 as Rh2 stereoisomers for 24 h, and cell viability was quantified 

by MTT assay. (±SEM indicated by error bar) (C) Morphologic changes were 

photographed when HCT116 cells were incubated with 20(S)-Rh2 or 20(R)-

Rh2 at 10 μM for 24 h. *p<0.05 compared with DMSO-treated group. . 
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(A)                             (B) 

 

 

 

(C)                             (D) 

 

(E)                             (F) 
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Figure 2. 20(S)-Rh2 inhibited STAT3 activity in dose- and time- 

dependent manner. HCT116 Cells were treated with 20(S)-Rh2 in dose-

dependent manner for 3 h (A), and in time-dependent manner at 10 μM (B). 

IL-6 (20 ng/ml) was treated for 30 min, after HCT116 Cells were pre-treated 

with 20(S)-Rh2 in dose-dependent manner (C), and in time-dependent manner 

(D). (E and F) HCT116 cells and SW620 cells were pre-treated with 20(S)-

Rh2 or 20(R)-Rh2 (10 μM) for 3 h and stimulated by IL-6. AG490 (200 μM), 

which is JAK2 inhibitor, was used as a negative control. Protein extracts were 

lysed and phosphorylation of STAT3 was estimated by western blotting. 
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(A)                              (B) 

 

 

 

 

 

 

 

Figure 3. 20(S)-Rh2 inhibited JAK2 activation and JAK2-mediated STAT 

activation. (A and B) Pre-treated HCT116 cells with 20(S)-Rh2 or 20(R)-Rh2 

(10 μM) for 3 h were stimulated with IL-6 (20 ng/ml) for 10 min (A), or for 

30 min (B). Upstream regulator JAK2 activation and the phosphorylation of 

STAT1 and STAT3 were detected by western blotting. 
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(A)                                   (B) 
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Figure 4. Targeted-STAT3 silencing suppressed MMPs expression and 

tumor cell invasion in HCT116 cells. HCT116 cells were transfected with 

siSTAT3 (50 nM) and control siRNA (50 nM, negative control). After 

transfection, total RNA was isolated and STAT3 levels were confirmed by RT-

PCR (A) and western blot analysis (B). (C) Quantitative real-time PCR was 

performed to measure the levels of matrix metalloproteinases (MMPs) in 

siSTAT3 or control siRNA transfected cells. (D) siSTAT3 or control siRNA 

transfected cells were seeded into the matrigel-coated membrane. After 48 h, 

invading cells were fixed and stained using Diff-Quick solution (10x 

magnification). * p<0.05 compared with control siRNA group. 
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(A)                              (B) 
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Figure 5. 20(S)-Rh2 inhibited IL-6-induced MMPs expression and tumor 

cell invasion. (A-D) Pre-treated HCT116 cells with 20(S)-Rh2 or 20(R)-Rh2 

(10 μM) were stimulated with IL-6 (20 ng/ml) for 6 h and total RNA were 

isolated. Quantitative real-time PCR was performed to measure the levels of 

MMP-1, -2, -3 and -9. (E) Pre-treated HCT 116 Cells with 20(S)-Rh2 or 

20(R)-Rh2 were seeded into the matrigel-coated membrane. After 48 h of IL-6 

stimulation, invading cells were fixed and stained using Diff-Quick solution 

(10x magnification). # p<0.05 compared with control group, and * p<0.05 and 

** p<0.005 compared with IL-6-stimulated group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 

(A) 

 

(B) 

 

 

Figure 6. Combination with 20(S)-Rh2 and anti-cancer reagents 

enhanced synergistic cytotoxicity in HCT116. HCT116 cells were treated 

with 5 or 10 μM of 20(S)-Rh2 with or without different concentrations of 

other anti-cancer agents, such as cisplatin (A), doxorubicin (B) for 24 h. Cell 

viability was quantified by MTT assay (± SEM indicated by error bar). 

**p<0.005 compared with vehicle-treated group. ##p<0.005 compared with 

20(S)-Rh2 5 μM treated group. ††p<0.005 compared with 20(S)-Rh2 10 

μM treated group.  
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 DISCUSSION  

  

Most of ginsenosides have low absorption rate of 2%, this results in 

reduced bioavailability. However, Rh2, which is obtained from red ginseng, is 

characterized by its high bioavailability due to 98% of absorption rate. The 

Rh2 is a derivative of ginsenosides that is responsible for various biological 

effects of ginseng, including anti-cancer, anti-inflammatory and anti-

photoaging activities. (2) Although two stereoisomers of Rh2 are identified, 

the differences of biological activities and anti-tumor activities between the 

isomers in CRC are not fully identified. In this study, I investigated the 

biological activities of both Rh2 compounds in human colorectal cancer cells. 

20(S)-Rh2 inhibited JAK2-mediated STATs activation and also downstream 

signaling of STAT3, resulting in suppression of cancer cell invasion. These 

biological activities of 20(S)-Rh2 were much stronger than those of 20(R)-

Rh2. 

To the best of our knowledge, no previous investigations have indicated 

that 20(S)-Rh2 can inhibit STATs activation, despite activation of STATs and 

downstream signaling being pivotal roles in tumor invasion and metastasis. 

(25, 26) Activation of STATs signaling cascades is observed in many kinds of 

human cancers and tumor-derived primary cancer cells, especially indicating 

the importance of STAT3 signaling in cancers. (27) Abrogation of STAT3 

signaling by small molecule inhibitor, such as STA-21, S31-201 induces 

growth arrest, apoptosis and tumor invasion in various types of tumors. This 

STAT3 is constitutively activated by IL-6 in CRC. A multifunctional cytokine 
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IL-6 plays a central role in the regulation of inflammatory and immune 

responses. (28) It also plays as a potent STAT3 activator and is highly 

released in response to various inflammatory stimuli such as infection and 

inflammation. Extensive surveys with clinical studies demonstrated that 

elevated levels of IL-6 and STAT3 activation are observed in various types of 

primary tumors, including sporadic and inflammation-associated CRC. (26, 

29, 30) In addition, STAT1 can be one of the factors on carcinogenesis and 

survival of tumor cells under specific conditions, such as chronic 

inflammation in CRC. (24) In my study, 20(S)-Rh2 effectively inhibited 

STAT1 and STAT3 activation in colorectal cancer cell lines HCT116 and 

SW620 via inhibition of upstream regulator JAK2. The potential of 20(S)-Rh2 

on STATs inhibition was similar when cells were activated constitutively or 

stimulated with IL-6 in Figures 2 and 3. These findings suggested that 20(S)-

Rh2 had effects on CRC through inhibition of STATs.  

 CRC is characterized as an invasive tumor and spread to other organs, such 

as the lung and the liver, eventually resulting in poor prognosis.  Metastatic 

CRC has been considered as one of the most lethal cancers. (3) Invasion of 

CRC cells is the first step to tumor metastasis and often associated with 

treatment failure despite improvement of therapeutic process. (8) These IL-6 

and STAT3 are important factors for tumor progression and metastasis of 

CRC cells, and related to advanced stage of disease and decreased survival in 

CRC patients. (20, 29, 31) Accordingly, inhibition of STAT3 activation is a 

promising target than that of STAT1 activation to increase the survival of 
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CRC patients. Therefore, development of new treatment targeting IL-

6/STAT3 signaling is needed to treat malignant human colorectal cancer.  

To identify novel compounds that possess the potential of inhibiting 

abnormally activated IL-6/STAT3 signaling, ginsenosides, the most 

prominent constituent of ginseng saponin, was a potential candidate because 

of its well-known anti-cancer effect. Ginsenosides have been reported that 

these compounds reduce proliferation and sensitize cancer cells to 

chemotherapy in cancer cells, such as colorectal cancer cells. (32) These 

results suggested that ginsenosides have potential for substitute or supplement 

agents in colorectal cancer. The Rh2 is especially one of the main active 

components among the ginsenosides and wide ranges of biological functions 

have been reported. (5, 6) However, the roles of ginsenosides on STAT3 

signaling were not fully understood and, specifically, no evidences of Rh2 in 

CRC. The Rh2 classified into alpha and beta forms as stereoisomers by 

different arrangement of hydroxyl group at C-20. Interestingly, two isoforms 

of Rh2 exhibited differential biological activities in CRC. In the present study, 

the beta form of Rh2, 20(S)-Rh2 effectively inhibited STAT3 activation and 

downstream signaling cascades through targeting upstream JAK2 activation, 

and exhibited strong cytotoxic activity at concentrations among 10~15 M. 

However, alpha form of Rh2, 20(R)-Rh2 exhibited weak to inhibitory 

activities and no cytotoxic activity at concentrations of up to 30 M. (Figures 

1B and 3) It was also demonstrated that stereoisomers of Rh2 have different 

activities on cytotoxicity and STAT3 activation in CRC. These data provided 

that 20(S)-Rh2 had anti-cancer effect through inhibition of STAT3 activation.  
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The important features of colon cancer initiation and development are 

chronic inflammation and tumor-elicited inflammation, which results in 

colitis-associated colon cancers (CAC) and sporadic colon cancer (CRC). (33) 

Under this circumstances, many inflammatory mediators are produced and 

tumor microenvironment is being formed. These conditions sustain and 

strengthen chronic inflammation and mediate crosstalk between immune cells 

and cancer cells, thereby initiating tumor development. (33, 34) IL-6-

mediated activation of STAT3 signaling cascades is a major factor related 

with these progresses and promotes tumor cell invasion and metastasis 

through induction of wide range of target genes, including MMPs in CRC. (35, 

36) The present data provided striking evidence that MMPs expression were 

dependent on STAT3 using siSTAT3 in Figure 4B. From this perspective, 

regulation of MMPs expression is valuable therapeutic targets in CRC. MMPs 

are important for extracellular matrix (ECM) remodeling in normal conditions, 

whereas they increase tumor cell migration, invasion and metastasis in CRC. 

(37) As shown in Figure 4C, invasion was significantly inhibited when 

expression of MMPs was suppressed by siSTAT3. In fact, high levels of 

MMPs, including MMP-1, -2, -3 and -9 are observed in patients with tumor 

tissues of colon cancer, compared with normal tissues. (37) Results revealed 

that 20(S)-Rh2 effectively inhibited the expression of MMPs, including MMP-

1, -2, -3 and -9 in IL-6-stimulated CRC cells, resulting in the suppression of 

tumor cell invasion. (Figure 5) However, 20(R)-Rh2 exhibited significant 

inhibition of MMP3 expression but no biological activities in these levels and 

invasion. Thus, 20(S)-Rh2 has stronger anti-invasion effect than 20(R)-Rh2. 
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CRC is responsible for 12.2% of all cancer deaths. Approximately 50% of 

patients are known to have metastatic CRC, which is difficult to treat even 

with surgical treatment. Ultimately, most of CRC-related deaths are due to 

metastasis, increasing the mortality rates of CRC. (38, 39) Thus, it is 

necessary to develop therapeutic treatment for inhibiting the invasion in CRC. 

Furthermore, in vivo experiments are needed for clinical treatment of 20(S)-

Rh2 as anti-invasion drug.  

Only small populations of patients with metastasis are available for 

surgical resection, and the advances in regional and systemic 

chemotherapeutic combination treatment is necessary to treat metastatic CRC. 

Currently, there are approved drugs for patients with metastasis that are 

clinically used alone or combination with other reagents. In the case of CRC 

patients, alternative treatment has been developed using natural products, such 

as ginseng. (3, 4) Ginsenosides, including Rh2 are natural products, which 

have numerous biological activities, and side effects have not been reported in 

normal cells yet. On the contrary, most of the classic chemotherapeutic agents 

for cancer treatment exhibit toxicity and side effects, such as hair loss, 

vomiting and liver problems that caused damage in normal cells and tissues. 

(40) Combination therapy is potential for reducing side effects of 

conventional chemotherapeutic agents and enhancing cytotoxicity to tumor 

cells. The synergistic effects of 20(S)-Rh2 were observed by measuring cell 

viability in combination with cisplatin or doxorubicin in HCT116 cells as 

proposed in Figure 6. In addition, activated STAT3 signaling results in 

difficulties in treatment due to induced drug-resistance, chemo-resistance, and 
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radio-resistance. (41, 42) STAT3 activation is shown in 70% of solid and 

hematological tumors, associating with a poor survival in CRC. (19, 43) For 

these reasons, cancer treatment targeting STAT3 is almost a necessity. 

Therefore, further experiments are necessary to identify whether 20(S)-Rh2 

synergistically inhibits STAT3 activation in combination treatment.  

In conclusion, the results suggest that ginsenoside 20(S)-Rh2 inhibits 

STAT3 activation and downstream signaling cascades via upstream signal 

JAK2 inhibition in CRC cells. As a result, this compound subsequently 

inhibits the expression of MMPs and cell invasion. In addition, 20(S)-Rh2 

increases tumor cell cytotoxicity in combination with chemotherapeutic agent, 

such as cisplatin or doxorubicin. These findings may provide that 20(S)-Rh2 

possess strong anti-invasion properties by targeting STAT3 signaling, and can 

be used as a combinational partner, especially in combination therapy with 

classic chemotherapeutic agents in CRC. 
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국문 초록 

 

인삼 추출물 중 하나인 진세노사이드 Rh2 는 세포 주기를 

막음으로써 세포 성장을 억제하고 더 나아가 세포 사멸을 증가시킨다. 

이러한 Rh2 는 두 입체 이성체를 가지고 있으며, 수산기의 결합 

방향에 따라 20(S)-Rh2 와 20(R)-Rh2 로 나뉘어진다. 두 입체 이성체는 

구조 차이에 따른 생물학적 활성의 차이를 가지고 있다. 그 중 주로 

20(S)-Rh2 의 항암, 항염증 효과에 대해 연구되어 왔다. 그러나 사람의 

대장암 세포에서 높은 빈도로 나타나는 암 침윤에 대해 20(S)-Rh2 와 

20(R)-Rh2 가 억제 효과를 가지는 지에 대해서는 거의 밝혀 진 바가 

없다. 이에 대해, 본 연구에서 20(S)-Rh2 와 20(R)-Rh2 의 암 침윤 

억제에 대한 효과를 알아보고자 하였다. IL-6 를 처리하였을 때, 20(S)-

Rh2 가 20(R)-Rh2 에 비해 IL-6-induced STAT3 활성을 강력하게 

억제하는 것을 확인하였다. 더 나아가 20(S)-Rh2 의 STAT3 활성을 

억제 함으로써 암 침윤 또한 감소시키는 것을 발견 할 수 있었다. 

20(S)-Rh2 는 HCT116 세포에서 endogenous STAT3 활성과 IL-6-induced 

STAT3 활성을 모두 억제하였다. 그 영향으로 STAT3 에 의해 

조절되는 MMP-1, -2, -3 그리고 -9 의 발현을 억제하였으며, 

결과적으로 대장암에서 암 침윤의 감소를 일으키게 된다. 동시에 

HCT116 세포에서 siSTAT3 로 인해 MMPs 의 발현 수준과 암 침윤이 

억제되는 것을 발견할 수 있었다. 이는 20(S)-Rh2 의 STAT3 활성 억제 
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효과가 암 침윤의 억제를 유도할 수 있음을 알 수 있었다. 이러한 

20(S)-Rh2 의 약물학적 활성은 STAT3 의 상위 조절자인 JAK2 활성을 

타깃하여 억제함으로써 나타났다. 흥미롭게도, 20(S)-Rh2 의 이러한 

억제효과는 20(R)-Rh2 보다 강하게 나타났다. 또한, 20(S)-Rh2 는 

HCT116 세포에서 다른 항암제들과의 병합 처리하였을 때, 세포의 

독성에 대한 민감도를 증가시키는 것을 발견할 수 있었다. 이상의 

연구 결과는 20(S)-Rh2 가 사람의 대장암 전이에 대한 치료 

약물로써의 가능성과 다른 항암제와의 병합 처리를 통해 암세포의 

항암제에 대한 세포 독성 민감도를 상승시키는 효과의 약물로써 

가능성을 가지고 있다는 것을 의미하고 있다.  

---------------------------------------------------------------------------------------------- 

주요어 : 20(S)-Rh2, 20(R)-Rh2, STAT3, IL-6, 침윤, 대장암 

학  번 : 2012-23676 
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