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ABSTRACT 

5-FU, a classical chemotherapy agent, plays an important role in treatment of colorectal cancer (CRC), However, 

the severe cells toxicity of 5-FU is a principal obstacle of clinical application in CRC. 20(R)-ginsenoside Rg3 (20-(R)-Rg3, 

GRg3), a monomer extracted from Panax ginseng roots, has been well-researched for the treatment of many cancers. Up to 

now, the synergism of GRg3 combination with 5-FU in CRC have not been reported in vitro. Therefore, this study aimed to 

explores the anti-cancer activity of GRg3 in combination with a lower dose 5-FU and further identify the mechanism for 

inhibiting growth of cells. Our results demonstrated that co-treatment worked synergistically and more effectively than 

either drug alone in decreasing viability in HCT-116 cells. 5-FU and GRg3 together exhibit greater cell cycle arrest in the S 

and G1/G0 than when used alone. Furthermore, two-drug combination significantly down-regulate the anti-apoptosis 

proteins expression levels of Bcl-2 and Bcl-xl and up-regulated significantly the expression levels of Bax, P53, cleaved-

PARP and cleaved-caspase-3. Based on these data, we conclude that lower concentrations of 5-FU and GRg3 used in 

combination produce a synergistic anti-cancer effect that is mediated by apoptosis through a mitochondrial pathway and 

arresting cells in S and G0/G1 phase. Collectively, Combination of 5-FU and GRg3 could be regarded as a promising 

therapy for controlling the growth of CRC cells. 
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INTRODUCTION 

Colorectal cancer (CRC) is one of the most 

commonly diagnosed malignancies and the third most 

common cause of cancer-related death in worldwide 

(Cui X et al., 2010). Surgical resection, chemotherapy or 

radiotherapy remains the mainly established curative 

treatment for CRC (Chen S et al., 2014). 

Although chemotherapy is often used as a main 

regimen in the treatment of CRC, severe toxicity 

represents a major obstacle in cancer therapy. 

5-Fluorouracil (5-FU), which is a classical 

chemotherapy agent, was synthesized by Heidelberger 

and his colleagues at the University of Wisconsin in 
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1957 (Chang L et al., 2014). 5-FU and calcium folinate 

(CF) have been regarded as the first line regimen for 

treatingCRC over several decades (Chuang JC et al., 

2012; Dougherty U et al., 2011; Einbond LS et al., 

2017). However, the clinical use of 5-FU on colorectal 

cancer is limited by serious side effects such as nausea, 

vomiting and myelosuppression when it was used at the 

therapeutic dose (Giles GR et al., 1986). Therefore, an 

effective anti-cancer agent with minimal side effects is 

urgently needed for colorectal cancer therapy. Over the 

years, natural products have been discovered to be more 

effective than cancer drugs because of their multi-

targeting and low toxicity properties (Hu B et al., 2015; 

Kim BM et al., 2014; Kim BJ et al., 2011; Kim H et al., 

2015). 

20(R)-ginsenoside Rg3 (20-(R)-Rg3, GRg3) (Fig 

1), a bioactive extract of Panax ginseng, has significant 

anti-cancer effects in vitro and vivo (Klubes P et al., 

1978; Lahti S et al., 2017; Liang Y et al., 2014). Xie’s 

research showed GRg3 obviously inhibited cell viability, 

induced apoptosis and inhibited PI3K/Akt signaling 

pathway on A549, H23 cells (Li ZJ, et al., 2012). Its 

anti-angiogenesis along with anti-cancer effects have 

been shown in several cancers (Li B et al., 2010; Morris 

MJ et al., 1997; Park HM, et al., 2015) . Sun et al. 

demonstrated the role of GRg3 in reduction of the 

intracellular ROS level and activation of apoptosis 

through regulation of apoptosis-associated proteins in 

Lewis lung carcinoma (LLC) (Prabhakaran K et al., 

2004). Bo-Min Kim et al suggested that GRg3 induced 

apoptosis in breast cancer (MDA-MB-231) cells by 

blocking NF-κB signaling via inactivation of ERK and 

Akt as well as destabilization of mutant P53 to achieve 

(Pfeiffer P et al., 2006). Kim BJ’s study showed that 

inhibition of GRg3 on the growth of gastric cancer 

HEK293 cells may be related to the blockade of TRPM7 

channel activity (Qian T et al., 2005). GRg3 also has 

been reported that restrain liver cancer metastasis in 

nude mice, the mechanism may be related to regulating 

expression of nm23 and CD44. In addition, GRg3 was 

found to prevent the suppression of BMP-

2/BMPR1A/Runx2 signals induced by DEX both in 

GIOP rats and primary osteoblasts (Qi LW et al., 2011). 

Although a large number of studies shown that GRg3 has 

low toxicity and high efficiency characteristics in some 

tumors treatment, the investigations about GRg3 on 

colorectal cancer therapy had been reported sporadically 

(Redondo BS et al., 2017; Roos WP and Kaina B, 2013; 

Samejima K et al., 1999; Seo EY and Kim WK, 2011) . 

Up to now, the synergism of GRg3 combination with 5-

FU in CRC have not been reported in vitro. 

Generally, Ginsenosides are very poorly 

absorbed following oral administration in vivo (Shi DB, 

et al., 2014; Sun HQ et al., 2013). Qian research 

reported that oral 100mg/kg, the bioavailability of GRg3 

in rats was only 0.97%-1.15% (Sun HY et al., 2016). 

Pharmacokinetic Studies conducted in past years showed 

that most of the GRg3 was tested in the colon after oral 

administration (Taylor WR and Stark GR, 2001). One of 

the reasons of the poor bioavailability of GRg3 is that it 

may be metabolized by colonic micro flora. GRg3 may 

have a natural colon-targeting feature that may be of 

therapeutic interest in CRC. 

Based on anti-cancer and pharmacokinetic 

properties of GRg3, we suppose that when GRg3 and 5-

FU were used on CRC in combination in vivo, their 

toxicity would not be induced, and moreover their effect 

may be improve treatment outcomes in a manner that is 

not associated with overt toxicity. In the present study, 

we explored the potential synergistic efficacy of 5-FU 

combined with GRg3 and its possible mechanism of 

synergism in HCT-116 cells in vitro. 

 

MATERIALS AND METHODS 

Materials 

Dulbecco’s modified Eagle’s medium (DMEM) 

purchased from M&C gene technology (Beijing, China), 

fetal bovine serum (FBS) and penicillin/streptomycin 

purchased from Life Technologies. The following 

antibodies: Bcl-xl, Bcl-2, Bax, cleaved caspase-3, 

cleaved PARP, P53 and β-actin (sc-47778) were 

purchased from Santa Cruz Biotechnology (SantaCruz,  

CA, U.S) 

 

Cell Culture 

Human HCT-116 cells, isolated from male 

patients suffering from colon cancer, were provided from 

Professor Zuoren Yu, Research Center for Translational 

Medicine, Key Laboratory of Arrhythmias of the 

Ministry of Education of China, East Hospital. DMEM 

(MACGENE) medium containing penicillin and 

streptomycin(100 mg/L) (Life Technologies) and 10% 

FBS (Gibco) at 37℃ in a humidified environment with 

5% CO2 was applied for cell culturing. 

 

Drug and Agent Preparation 
5-FU and calcium folinate (CF) were purchased 

from Sigma (MO, USA), dissolved in PBS (50mMol/L), 

and the solutions were stored at -20℃. GRg3 (99.6% 

purity) was obtained from Suzhou star-ocean Jinsen 

Pharmaceutical Company (Suzhou, China). GRg3 was 

dissolved in dimethylsulfoxide (DMSO) in a 100mM 

stock solution and stored at -20℃. Aliquots of stock 

solution were added directly to the culture media. 

 

Cell Viability Assay 

The cytotoxicity of 5-FU and GRg3 were 

assessed by MTT assay, which measures the inhibitive 

activity of viable cells. Cells were cultured in 96-well 

plates at a density of 4×10
3
 cells/well overnight. Then 

cells were treated with various concentrations of 5-FU 

(10, 20, 30, 40, 50 µM), GRg3 (25, 50, 75, 100, 200 µM) 
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alone, 5-FU (20µM) plus CF (20µM) or 5-FU (15µM) 

plus various dose of GRg3 (5, 25, 50, 75, 100µM). After 

drugs exposure for 48h, 3-(4, 5-dimethylthiazol-2-yl)-2, 

5-diphenyltetrazolium bromide (MTT) was freshly 

prepared and added to each well at a final concentration 

of 5 mg/ml. After incubation for 4h, formazan crystals 

dissolved in 100µl of DMSO, and the optical density 

was read by Spectra M5 (Molecular Devices, U.S.) at 

490 nm. The concentrations required to inhibit growth 

by 50% (IC50) were calculated from Dose-effect curves 

using the Bliss method. The data were analyzed by 

CompuSyn software with the results showed as 

combination index (CI) value according to the median 

effect principle, where CI <1, =1, and >1 indicate 

synergism, additive effect, and antagonism, respectively 
32

. Similar to the CI mode, the Isobole method requires 

the determination of dose-response relationship of the 

combination and it individual components independently 

to assess if synergism exists. The isobole is an iso-effect 

curve, in which a combination of components (A or B) at 

different dose levels is represented on the graph, the axes 

of which represent the dose-axes of individual 

component to reach the same effect. The equation for the 

isobologramas follows: CI=(D)1 / (Dx)1 + (D)2 / 

(Dx)2，(Dx)1, (Dx)2 indicate the concentration of 5-FU or 

GRg3 required to inhibit a given level of cell growth, and 

(D)1 and (D)2 are the concentrations of 5-FU or GRg3 

necessary to produce the same effect in combination, 

respectively . 

 

Immunofluorescence Staining of Ki-67 on HCT-116 

Cells 

After washing with PBS, cells grow on 

coverslips were fixed with 4% paraformaldehyde (PFA) 

(Sigma Co.) for 30 min. Cells were then permeabilized 

with 0.1% Triton X-100 (Sigma Co.) for 5 min. After 

being blocked with 5% BSA for 1h at room temperature, 

cells were incubated with immunofluorescence-anti-

Ki67 (ab15580, 1:500) at 4°C overnight. Then the slides 

were incubated with anti-rabbit secondary antibody for 

2h and then washed with 1×PBS for 5 minutes. Nuclei 

stained with (4', 6-diamidino-2-phenylindole) DAPI 

(Sigma Co.) for 10 min. Images of immunofluorescence-

stained HCT-116 cells were captured using fluorescence 

microscope (DMI3000B, Leica, Germany), and merged 

images were formed using Adobe Photoshop CS6. 

 

Apoptosis Assay Using Annexin V-FITC/PI Staining 

Cell apoptosis was detected using Annexin V-

FITC/PI kit (BB-4101-3, Bestbio, China). Briefly, Cells 

seeded in 6-well tissue culture plates and treated with the 

test medium. After incubated for 48h, cells were 

harvested and washed twice with cold 1×PBS. Then 

resuspended in 400μl binding buffer and stained with 5μl 

each of Annexin V-FITC and 10μl propidium iodide (PI) 

solution for 15 min at room temperature in the dark. The 

cells were analyzed immediately after staining by Flow 

cytometry. 

 

TUNEL Assay 

Apoptotic cells were evaluated by TUNEL 

assay using In situ Cell Death Detection Kit, TMR red 

(Roche, Mannheim, Germany), according to the 

manufacturers’ instructions. HCT-116 cells were fixed 

with 4% PFA for 15 min at room temperature and 

permeabilized using 0.1% Triton X-100 for 10 min. 

Nuclei stained with DAPI for 5 min. Cells were observed 

using a fluorescence microscope (DMI3000B, Leica, 

Germany). HCT-116 cells counted with Image J 

software. 

 

Cell Cycle Analysis 

Cell cycle distribution was detected by Flow 

cytometry. Cells were seeded in 6-well tissue culture 

plates and treated with drug-containing medium: 20µM 

5-FU, 100µM GRg3, 20µM 5-FU+20µM CF or 15µM 5-

FU+75µM GRg3 for 48h. Then treated cells were 

harvested and disposed of as following steps: washed 

three times with cold 1×PBS, cells were fixed gently 

with 70% ice-ethanol at 4℃ stay overnight, washed 

twice with cold 1×PBS, treated with 10% Triton X-100 

for 5 min on an ice bath. Cells were resuspended in 

500μl of PBS containing 50mg/ml PI and 100 mg/ml 

RNase A. Then cells were incubated in a dark room for 

30 min at room temperature. At least 10,000 cells were 

detected by Flow cytometry. The cell cycle distribution 

was analyzed by the Modfit software. 

 

Western Bolt Analysis 

Cells were treated with 20µM 5-FU, 100µM 

GRg3, 20µM 5-F + 20µM CF or 15µM 5-FU + 75µM 

GRg3 for 48h. Whole-cell lysates (50μg) were prepared 

and separated by 10% SDS–PAGE. And then proteins 

were transferred to nitrocellulose membrane by semi-dry 

(Bio-Rad). The membrane was blocked with 5% milk 

(w/v) at room temperature for 1 hour, and then incubated 

at 4°C overnight with primary antibodies (1:1000). 

Following 1×PBST washing, the membranes were 

incubated with secondary antibody (1:7000) in the dark 

at room temperature for 2h and then exposure at the 

Odyssey Infrared Imaging System (LI-COR, U.S.). 

 

Statistical Analysis 

Data are performed as mean ± s.e.m. The 

standard two-tailed Student’s t-test was used for 

statistical analysis, P < 0.05 was considered statistically 

significant. 

 

RESULTSs 

5-FU and GRg3 Synergistically Inhibit the Growth of 

HCT-116 Cells in Vitro 
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After exposure to various concentrates of 5-FU 

(10, 20, 30, 40, 50µM), GRg3 (5, 25, 50, 75, 

100µM)，20µM 5-FU+20µM CF or 15µM 5-FU+GRg3 

(5, 25, 50, 75, 100µM) for 48h, their growth inhibitory 

effect on HCT-116 cells were determined by MTT assay. 

A dose-dependent inhibitive effect on cell growth was 

observed. As shown in Fig. 2A, the IC50 of 5-FU or 

GRg3was 25±5.47% or 111.4±6.9% µM, respectively. 

Importantly, the combination of 5-FU (15 µM) with 

GRg3 in various concentration (5, 25, 50, 75, 100µM) 

induced cytotoxicity (Fig. 2A), and the IC50 of GRg3 

modulated by 15µM 5-FU was 18.6±2.1%µM. 

Moreover, GRg3 in combination with 5-FU, compared 

with agents treated alone, augmented cytotoxicity (
##

P < 

0.01), providing additional evidences for the synergism. 

In addition, co-treatment with 15µM 5-FU plus 75µM 

GRg3 could approach an equivalent viability inhibitory 

effect in comparison with combination of 20µM 5-FU 

plus 20µM CF (P > 0.05) (Fig. 2B). The CI value was 

determined by using Compusy software. CI < 1 indicates 

synergism, CI > 1 indicates antagonism, CI = 1 indicates 

additive effect. Our Combination index analysis showed 

that 15µM 5-FU combined with 5µM GRg3, the CI value 

= 1; 15µM 5-FU combined with higher doses GRg3, the 

CI value < 1 (Fig. 2C). Notably, when 5-FU (15µM) was 

combined with GRg3 at a concentration higher than 5µM, 

all of the points in isobologramanalysis below the 

diagonal (Fig. 2D), implying that the use of GRg3 and 5-

FU treatment for HCT-116 cells can lead to synergizes.  

 

Effect of Ki67 Expression on Cell Proliferation 

Immunofluorescence staining of Ki67 was 

performed to investigate the effect of 20µM 5-FU, 

100µM GRg3, 20µM 5-FU+20µM CF or 15µM 5-

FU+75µM GRg3 on HCT-116 cells proliferation. The 

decrease of Ki67 expression was observed in both one-

drug groups and co-treatment groups (Fig 3A). The ratio 

of Ki67 positive cells decreased to 30.3±0.75%, 

36.6±1.01%, respectively, after treat individually with 

20µM 5-FU or 100µM GRg3 for 48h (Fig 3B). 

Significantly lower expression of Ki67 was observed in 

5-FU+GRg3 group (14.8±0.82%), compared with control 

group (49.8±1.5%, 
**

P < 0.01). Importantly, when 15µM 

5-FU combined with75µM GRg3 or 20µM 5-FU 

combined with 20µM CF, the expression of Ki67 

decreased to 14.8±0.82% and 16.6±0.74%, which are 

significantly lower compared with 5-FU individual 

group (
##

P < 0.01). These results are consistent with the 

MTT assay, which firmly validated combination of 5-FU 

and GRg3 synergistic inhibition on HCT-116 cells 

proliferation. 

 

5-FU and GRg3 Induce HCT-116 Cells Apoptosis Were 

Detected by Annexin V-FITC/PI Staining 

Annexin V-FITC/PI staining was performed to 

investigate the apoptosis effect of 20µM 5-FU, 100µM 

GRg3, 20µM 5-FU+20µM CF or 15µM 5-FU+75µM 

GRg3 in HCT-116 cells. Compared to the control group 

(4.52±0.37%), 5-FU or GRg3 single group increased 

apoptosis to 20.6±0.61% or 16.9±0.58 %, respectively 

(
**

P<0.01)，compared with control. When 5-FU was 

combined with GRg3, the percentage of apoptotic cells 

increased to 37.1±0.93%, which promoted apoptosis 

compared with control group (
**

P < 0.01) and the 

combined effects were stronger than the effects of 5-FU 

(
##

P < 0.01) alone. No significant difference was found 

between 5-FU+GRg3 group (37.1±0.93%) and 5-FU+CF 

group (34.2±0.72%) (Fig 4). Thus, this result suggested 

that the cell proliferation inhibition of combined 5-FU 

and GRg3 may be related to the apoptotic induction. 

 

Analysis of Apoptosis Measured by TUNEL Assay 

TUNEL staining was performed to detect the 

fragmented DNA in cells undergoing apoptosis. The 

observed changes in apoptotic cells detected by 

fluorescence microscope are shown in Fig 5A, the 

treatment group induced formation of apoptotic bodies, 

condensed DNA and other morphological changes while 

slightly blue and homogeneous cells were observed in 

control group. Cells were treated with 20µM 5-FU, 

100µM GRg3, 20µM 5-FU+20µM CF or 15µM 5-

FU+75µM GRg3for 48h, the corresponding quantities of 

apoptosis cell were 14.1±0.37%, 10.8±0.79%, 

28.5±0.6%, 33.6±0.8%. The above results indicates that 

combination of 15µM 5-FU and 75µM GRg3 for 48h 

caused the significantly increase in the level of apoptotic 

cells with red-blue fluorescence characteristic of TUNEL 

positive cells, compared with 5-FU group (
##

P < 0.01) 

(Fig 5B). There was no significant difference between 5-

FU+CF (28.5±0.6%) group and 5-FU+GRg3 

(33.6±0.8%) group (Fig 5B). 

 

5-FU and GRg3 Synergistically Induce Cell Cycle 

Arrest in HCT-116 Cells 

Flow cytometry was used to detect the effect of 

GRg3 or 5-FU on cell cycle distribution in HCT-116 

cells. Cells were incubated with 20µM 5-FU, 100µM 

GRg3, 20µM 5-FU+20µM CF or 15µM 5-FU+75µM 

GRg3 for 48h and their effect on cell cycle distribution 

was studied. As shown in Fig 6A, GRg3 treatment for 

48h induced a significant (12.4±0.94%, 
**

P < 0.01) 

increment of cell number in G1 phase in HCT-116 cells, 

whereas 5-FU treatment induced S phase arrest 

(19.2±1.4%, 
**

P < 0.01). Following exposure to75µMof 

GRg3 and 15 µM of 5-FU for 48h, the percentage of 

HCT-116 cells at the S phase of the cell cycle increased 

to 26.7%±1.89%, compared with those exposed only to 

5-FU (
#
P < 0.05). Following exposure to 75µMof GRg3 

and 15µM of 5-FU for 48h, the percentage of G2/M 
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population of cells was significantly reduced 

(15.1±1.84%), compared with the control group 

(31.3±0.76%) (
**

P < 0.01) (Fig 6B). Similarly, treatment 

with 5-FU+CF also significantly increased cell cycle 

arrest in the S phase (28.9±1.73%, 
**

P < 0.01) alone with 

the reduction of cells in G2/M phases, compared with 

control group. There was no significant difference 

between 5-FU+CF group and 5-FU+GRg3 group. These 

results indicated that GRg3 could arrest the cell cycle at 

G0/G1 and S phase. 

 

Regulatory Mechanisms of GRg3 and 5-FU Induced 

Apoptosis on HCT-116 Cells 

To determine the underlying mechanisms of 

above-mentioned findings, the influence of 5-FU or 

GRg3 on apoptosis-relate proteins were further 

investigated by western blot assay. The highly decreased 

expression of Bcl-2 and Bcl-xl was observed (Fig 7) in 

the treatment of 20µM 5-FU, 100µM GRg3 (
**

P < 0.01), 

whereas the cells treated with 15µM 5-FU+75µM GRg3 

or 20µM 5-FU+20µM CF showed a significant reduction 

when compared to 5-FU group (
#
P < 0.05). In contrast, 

simultaneous treatment of HCT-116 cells with 5-FU and 

GRg3 increased significantly the level of P53, Bax, 

cleaved PARP and caspase-3 when compared to control 

group(
**

P< 0.01). Additionally all combinations 

significantly increased the level of P53, Bax, cleaved 

PARP and caspase-3 compared with 5-FU group (
#
P < 

0.05). There have no significant difference between 5-

FU+CF group and 5-FU+GRg3 group. These results 

suggested that GRg3 regulated apoptosis-relate protein 

expression and induced apoptosis by an intrinsic 

pathway, which is mediated by mitochondria manner. 

 

Fig 1.Chemical structure of 20-(R)-Rg3 

 
Fig 2. Effect of 5-FU and GRg3 on the cell viability of HCT-116 cells was determined by MTT assay. 

 
(A). Dose-effect curve for treatment with 5-FU (10, 20, 30, 40, 50µM), GRg3 (25, 50, 75, 100, 200µM), 5-FU (20µM) + 

CF (20µM) or 5-FU (15µM) + GRg3 (5, 25, 50, 75, 100 µM) for 48h. (B) The cell viability of cells were measured by 

MTT when treated with 20µM 5-FU, 100µM GRg3, 20µM 5-FU+20µM CF or 15µM 5-FU+75µM GRg3 for 48h. 

Combined treatment resulted in significant proliferation inhibition of HCT-116 cells, more than that by either drug alone 

(
**

P < 0.01, 
##

P < 0.01). (C) The CI value was determined by using CompuSy software. CI < 1 indicates synergism, CI > 
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1 indicates antagonism, CI = 1 indicates summation. (D). Effect of antagonism: the diagonal line represents the iso-

effect line of additive. Points above this line indicate antagonism, and points below this line indicate synergy. All data 

are presented as mean ± s.e.m. (n=5). 
*
P < 0.05, 

**
P < 0.01, compared with control group. 

#
P < 0.05, 

##
P < 0.01, 

compared with 5-FU. 

Fig 3. Immunofluorescence staining of Ki67 on HCT-116 cells. 

 
(A). Anti-Ki67 antibody was detected using FITC conjugated secondary antibody (green) and nuclei were counter 

stained with DAPI (blue). The positive rate of Ki67 on HCT-116 cells increased along with the combination of 5-FU 

and GRg3. (B). Quantitative analysis of the ratio of Ki67 positive cells in all groups. All data are presented as mean 

±s.e.m. (n=3). 
*
P < 0.05, 

**
P < 0.01, compared with control. 

 #
P < 0.05, 

##
P < 0.01, compared with 5-FU. 

Fig 4. Cell apoptosis was determined by Annexin V-FITC/PI staining. 

 
(A). HCT-116 cells were treated with 20µM 5-FU, 100µM GRg3, 20µM 5-FU+20µM CF or 15µM 5-FU+75µM GRg3 

for 48h. Apoptosis was detected by Annexin V-FITC/PI staining followed by Flow cytometry analysis. (B). Quantitative 

analysis of apoptosis cells in all groups. All data are presented as mean ± s.e.m. (n=3). 
**

P < 0.05, 
**

P < 0.01, compared 

with control.  
#
P < 0.05,

 ##
P < 0.01, compared with 5-FU. 

Fig 5. Apoptosis of HCT-116 cells were determined by TUNEL assay. 

 
(A) The apoptosis features were accessed by observing the DAPI stained TUNEL-positive cells number counted in a 

given area. (B) Quantitative analysis of the ratio of apoptosis cells in all groups. All data are presented as mean ± s.e.m. 

(n=3). 
*
P < 0.05, 

**
P < 0.01, compared with control. 

#
P < 0.05, 

##
P < 0.01, compared with 5-FU. 
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Fig 6. Effect of 5-FU and GRg3 on cell cycle distribution. 

 
(A).Changes in the cell cycle distribution after 48h of treatment with 20µM 5-FU, 100µM GRg3, 20µM 5-FU+20µM CF 

or 15µM 5-FU + 75µM GRg3. (B).Quantitative analysis of cell cycle distribution in all groups. All data are presented as 

mean ± s.e.m. (n=3). 
*
P < 0.05, 

**
P < 0.01, compared with control. 

#
P < 0.05, 

##
P < 0.01, compared with 5-FU. 

Fig 7. (A).Cells were treated with 5-FU, GRg3, 5-FU+CF and 5-FU+GRg3 for 48h at indicated doses, then whole 

cell lysates were prepared and analyzed by western blot using antibodies against Bcl-2, Bcl-xl, Bax, P53, cleaved 

caspase-3, cleaved PARP. (B).The results were quantified by Densitometic analysis. All data are presented as 

mean ± s.e.m. (n=3). 

 
*
P < 0.05, 

**
P < 0.01, compared with control. 

#
P < 0.05, 

##
P < 0.01, compared with 5-FU. 

 

DISCUSSION  

Anticancer and natural colon-targeting features 

of GRg3 have prompted us whether for CRC treatment to 

combine it with 5-FU (a classic chemotherapeutic agent 

used for the treatment of CRC), there are many 

advantages, including delivery of lower dose agents with 

lower toxicity, and increased patient tolerance. Our study 

was designed to investigate the combination of 5-FU and 

GRg3 as a possible preventive and / or treatment strategy 

for CRC. We determined the effect of the agents alone 

and in combination on the growth, apoptosis, cell cycle, 

proliferation markers and protein expression of specific 

proteins involved in CRC regulation.  
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Our present findings showed that GRg3 can 

significantly augment the anticancer efficacy of 5-FU in 

HCT-116 cells in vitro by the cell viability and 

proliferation assays. The results of CI analysis indicated 

that GRg3 was the favorable drug for use in combination 

with 5-FU. Further, Immunofluorescent staining also 

indicated that Ki67, the marker of tumor proliferation, 

was significantly reduced by GRg3 combination with 

low dose 5-FU. Notably, our initial in vitro study clearly 

indicated that the ratio of the growth inhibition of the 

15µM 5-FU+75µM GRg3 group is similar to 20µM 5-

FU+20µM CF group. For the 5-FU + CF regimen has 

been used as standard therapy for CRC (Tolba MF and 

Abdel RSZ, 2015), our results prompt that the Rg3-based 

combination 5-FU may be a promising strategy for CRC 

treatment. To our knowledge, this is the first report of 

such an important effect of GRg3. 

In order to understand the mechanisms that lead 

to synergism between 5-FU and GRg3 in HCT-116 cells, 

we investigated the role of apoptosis and cell cycle 

pathways in the enhanced anti-proliferative effects 

observed with 5-FU dosed alongside GRg3. 

In accordance with the cell viability and 

proliferation assays, combined treatment resulted in a 

significant decrease in the expression of anti-apoptotic 

Bcl-2, Bcl-xl and increased expression of pro-apoptotic 

proteins Bax. Furthermore, Annexin V-FITC/PI staining 

and TUNEL assay analysis also demonstrated that GRg3 

combined with 5-FU dramatically promoted apoptosis on 

HCT-116 cells, while little apoptosis in the control 

group. Previous reports suggest that GRg3 and 5-FU 

induce apoptosis by regulation of Bcl-2 and Bax and 

inhibit cell cycle by inhibiting P53 (Vizetto DC et al., 

2016; Voruganti S et al., 2015; Wilt CL et al., 1992). 

Our results indicated that GRg3 further enhanced 5-FU’s 

ability to induce apoptosis.  

P53 is a tightly regulated transcription factor 

that induces cell cycle arrest or apoptosis in response to 

cellular stress (Xie Q et al., 2017). Furthermore, P53 has 

the ability to activate the transcription of various pro-

apoptotic genes, including those encoding members of 

the Bcl-2 family (Yeh YT et al., 2014). By Western blot, 

the expression of P53 in 5-FU+GRg3 treated cells is 

more increased than in 5-FU or GRg3 treated alone cells. 

By Flow cytometry, the percentage of cells in G0/G1 and 

S phase of 5-FU+GRg3treated cells was significantly 

increased than of 5-FU treated alone cells. These results 

are consistent with previous reports, which P53 not only 

induces G1 cell cycle arrest, but it is also described to act 

at the G2/M checkpoint, preventing cells from entering 

mitosis if DNA damage is found (Yu DF et al., 2016).  

Caspase are the key proteins that modulate the 

apoptotic response. Caspase-3 is a key executioner of 

apoptosis, which is activated by an initiator caspase such 

as caspase-9. These activated caspases cleave many 

cellular substrates, ultimately leading to cell death (Yuan 

Z, et al., 2017). The presence of cleaved PARP is one of 

the most used biomarkers for the detection of apoptosis 

(Zeng D et al., 2014). Moreover, PARP is a substrate of 

caspase-3 and its cleavage into two fragments has been 

considered to be indicative of functional caspase 

activation (Zhou X et al., 2016). Consistent with their 

effects on apoptosis, the combined treatment up-

regulated the expression of the cleaved caspase-3 and the 

cleaved PARP in HCT-116 cells, indicating GRg3 

promote apoptosis and chemo-sensitivity to 5-FU 

through a mitochondria-dependent apoptosis cascade.  

Taken together, these studies demonstrated that 

GRg3 promoted cytotoxicity and apoptotic effect of 5-

FU on HCT-116 cells. The mechanism of synergism is 

probably that combined treatment up-regulates P53 

proteins, which in turn increases Bax, decreases Bcl-2 

and Bcl-xl , activates caspase-3, cleaves PARP, and 

induces apoptosis. Therefore, our results imply that 

combining 5-FU and GRg3 is a very attractive 

modulation strategy for 5-FU chemotherapy in clinical 

CRC treatment. Further in vivo and clinical studies are 

warranted to evaluate the therapeutic potential of 5-FU 

combined with Rg3 for CRC treatment. 
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