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Abstract: 5-FU is widely used for the 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 Rg, (20-(R)-Rg,, GRg,), a monomer extracted
from Panax ginseng roots, has significant anti-cancer effect. Up to now, the synergism of GRg, combination with
5-FU in CRC have not been reported. Therefore, this study aimed to explore the anti-cancer activity of GRg, in
combination with a lower dose 5-FU and further identify the mechanism for inhibiting growth of cells. Cell viability
and proliferation were detected by MTT assay and immunofluorescence with the antibody of ki-67. Apoptosis were
tested by AnnexinV/Pl assay and TUNEL. Flow cytometry was performed to evaluate cell cycle arrest. The expression
of apoptotic-relate proteins were determined by using Western blot analysis. 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 GRg, together exhibited greater cell cycle arrest in the S and G,/G, than alone treatment. Furthermore,
two-drug combination significantly down-regulated the expression of anti-apoptosis related proteins Bcl-2 and Bcel-x|
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 GRg, used in combination produce a synergistic
anti-cancer effect that is mediated by apoptosis through a mitochondrial pathway and arrest cells at S and G/
G, phase. Collectively, Combination of 5-FU and GRg, could be regarded as a promising therapy for controlling the
growth of CRC cells.
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Introduction regimen for treating CRC over several decades
[4-6]. However, the clinical use of 5-FU on
colorectal cancer is limited by serious side

effects such as nausea, vomiting and myelo-

Colorectal cancer (CRC) is one of the most com-
monly diagnosed malignancies and the third

most common cause of cancer-related death in
worldwide [1]. Surgical resection, chemothera-
py or radiotherapy remains the mainly estab-
lished curative treatment for CRC [2]. Although
chemotherapy is often used as a main regimen
in the treatment of CRC, severe toxicity repre-
sents a major obstacle in cancer therapy.

5-Fluorouracil (5-FU), which is a classical che-
motherapy agent, was synthesized by Heidel-
berger and his colleagues at the University of
Wisconsin in 1957 [3]. 5-FU and calcium foli-
nate (CF) have been regarded as the first line

suppression when it was used at the therapeu-
tic dose [7]. 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 beca-
use of their multi-targeting and low toxicity
properties [8-11].

20(R)-ginsenoside Rg, (20-(R)-Rg,, GRg,) (Fi-
gure 1), a bioactive extract of Panax ginseng,
has significant anti-cancer effects in vitro and
in vivo [12-15]. Xie's research showed GRg,
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Figure 1. Chemical structure of P OH

20-(R)-Rg,

Glc-,Glc-0O

20-(R)-Ginsenoside Rg;

obviously inhibited cell viability, induced apop-
tosis and inhibited PI3K/Akt signaling pathway
on A549, H23 cells [16]. Its anti-angiogenesis
along with anti-cancer effects have been shown
in several cancers [17-19]. Sun et al. demon-
strated the role of GRg, in reduction of the
intracellular ROS level and activation of apopto-
sis through regulation of apoptosis-associated
proteins in Lewis lung carcinoma (LLC) [20].
Bo-Min Kim et al. suggested that GRg, induced
apoptosis in breast cancer (MDA-MB-231) cells
by blocking NF-kB signaling via inactivation
of ERK and Akt as well as destabilization of
mutant P53 to achieve [21]. Kim BJ’s study
showed that inhibition of GRg, on the growth of
gastric cancer HEK293 cells may be related to
the blockade of TRPM7 channel activity [22].
GRg, also has been reported to restrain liver
cancer metastasis in nude mice, the mecha-
nism may be related to regulating expression of
nm23 and CD44. In addition, GRg, was found
to prevent the suppression of BMP-2/BMPR1A/
Runx2 signals induced by DEX both in GIOP rats
and primary osteoblasts [23]. Although a large
number of studies shown that GRg, has low
toxicity and high efficiency characteristics in
some tumors treatment, the investigations ab-
out GRg, on colorectal cancer therapy had
been reported sporadically [24-27]. Up to now,
the synergism of GRg, combination with 5-FU in
CRC have not been reported in vitro.

Generally, Ginsenosides are very poorly ab-
sorbed following oral administration in vivo [28,
29]. Qian research reported that oral 100 mg/
kg, the bioavailability of GRg, in rats was only
0.97%-1.15% [30]. Pharmacokinetic Studies
conducted in past years showed that most of
the GRg, was tested in the colon after oral
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administration [31]. One of the
reasons of the poor bioavail-
ability of GRg, is that it may be
metabolized by colonic micro
flora. GRg, may have a natural
colon-targeting feature that
may be of therapeutic interest
in CRC.

Based on anti-cancer and
pharmacokinetic properties of
GRg,, we suppose that when
GRg, and 5-FU were used on
CRC in combination in vivo,
their toxicity would not be
induced, and moreover their effect may improve
treatment outcomes in a manner that is not
associated with overt toxicity. In the present
study, we explored the potential synergistic effi-
cacy of 5-FU combined with GRg, and its pos-
sible 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: Bclxl, Bcl-2, Bax,
cleaved caspase-3, cleaved PARP, P53 and
B-actin (sc-47778) were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, U.S)

Cell culture

Human HCT-116 cells, isolated from male
patients suffering from colon cancer, were pro-
vided from Professor Zuoren Yu, Research
Center for Translational Medicine, Key La-
boratory 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°C in a humidified
environment with 5% CO, was applied for cell
culturing.

Drug and agent preparation

5-FU and calcium folinate (CF) were purchased
from Sigma (MO, USA), dissolved in PBS (50
mMol/L), and the solutions were stored at
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Figure 2. Effect of 5-FU and GRg, 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, 50 uM), GRg, (25, 50, 75, 100, 200 uM), 5-FU (20 uM) + CF (20 uM)
or 5-FU (15 uM) + GRg, (5, 25, 50, 75, 100 uM) for 48 h. B. The cell viability of cells were measured by MTT when
treated with 20 uM 5-FU, 100 pM GRg,, 20 pM 5-FU + 20 pM CF or 15 pM 5-FU + 75 uM GRg, for 48 h. 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 Cl value was determined by using CompuSy software. Cl < 1 indicates synergism, Cl >
1 indicates antagonism, Cl = 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, *

0.01, compared with 5-FU.

-20°C. GRg, (99.6% purity) was obtained from
Suzhou star-ocean Jinsen Pharmaceutical
Company (Suzhou, China). GRg, was dissolved
in dimethylsulfoxide (DMSOQ) in a 100 mM stock
solution and stored at -20°C. Aliquots of stock
solution were added directly to the culture
media.

Cell viability assay

The cytotoxicity of 5-FU and GRg, were as-
sessed by MTT assay, which measures the
inhibitive activity of viable cells. Cells were cul-
tured in 96-well plates at a density of 4 x 103
cells/well overnight. Then cells were treated
with various concentrations of 5-FU (10, 20,
30, 40, 50 uM), GRg, (25, 50, 75, 100, 200
uM) alone, 5-FU (20 pM) plus CF (20 uM) or
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“P < 0.01, compared with control group. #P < 0.05, #P <

5-FU (15 pM) plus various dose of GRg, (5,
25, 50, 75, 100 uM). After drugs exposure for
48 h, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphen-
yltetrazolium bromide (MTT) was freshly pre-
pared and added to each well at a final concen-
tration of 5 mg/ml. After incubation for 4 h,
formazan crystals dissolved in 100 pl 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% (IC,,) were calculated from Dose-effect
curves using the Bliss method. The data were
analyzed by CompuSyn software with the re-
sults showed as combination index (Cl) value
according to the median effect principle, where
Cl <1, =1, and > 1 indicate synergism, addi-
tive effect, and antagonism, respectively [32].
Similar to the Cl mode, the Isobole method
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Figure 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 GRg,. 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.

requires the determination of dose-response
relationship of the combination and it individual
components independently to assess if syner-
gism 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 isobologram-
as follows: Cl = (D),/(Dx), + (D),/(Dx),, (Dx),,
(Dx), indicate the concentration of 5-FU or GRg,
required to inhibit a given level of cell growth,
and (D), and (D), are the concentrations of 5-FU
or GRg, 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 cover-
slips 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 1 h at room temperature, cells were incu-
bated with immunofluorescence-anti-Ki67 (ab-
15580, 1:500) at 4°C overnight. Then the sli-
des were incubated with anti-rabbit secondary
antibody for 2 h and then washed with 1 x PBS
for 5 minutes. Nuclei stained with (4',6-dia-
midino-2-phenylindole) DAPI (Sigma Co.) for 10
min. Images of immunofluorescence-stained
HCT-116 cells were captured using fluorescen-
ce microscope (DMI3000B, Leica, Germany),
and merged images were formed using Adobe
Photoshop CS6.
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Apoptosis assay using annexin V-FITC/PI stain-
ing

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 48 h, cells were harvested and
washed twice with cold 1 x PBS. Then resus-
pended in 400 ul binding buffer and stained
with 5 yl each of Annexin V-FITC and 10 pl pro-
pidium iodide (PI) solution for 15 min at room
temperature in the dark. The cells were ana-
lyzed immediately after staining by Flow cy-
tometry.

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 tem-
perature 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: 20 pM 5-FU, 100 pyM GRg,, 20 uM

Int J Clin Exp Med 2019;12(4):3238-3249
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Figure 4. Cell apoptosis was determined by Annexin V-FITC/PI staining. A. HCT-116 cells were treated with 20 uM
5-FU, 100 pM GRg,, 20 uM 5-FU + 20 uM CF or 15 uM 5-FU + 75 uM GRg, for 48 h. Apoptosis was detected by An-
nexin 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.

5-FU + 20 yM CF or 15 pM 5-FU + 75 uM GRg,
for 48 h. Then treated cells were harvested and
disposed of as following steps: washed three
times with cold 1 x PBS, cells were fixed gently
with 70% ice-ethanol at 4°C stay overnight,
washed twice with cold 1 x PBS, treated with
10% Triton X-100 for 5 min on an ice bath. Ce-
lls were resuspended in 500 pl of PBS con-
taining 50 mg/ml Pl 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 Mo-
dfit software.

Western bolt analysis

Cells were treated with 20 yM 5-FU, 100 uM
GRg,, 20 uM 5-F + 20 uM CF or 15 pM 5-FU +
75 UM GRg, for 48 h. Whole-cell lysates (50
ug) were prepared and separated by 10%
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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 anti-
bodies (1:1000). Following 1 x PBST washing,
the membranes were incubated with second-
ary antibody (1:7000) in the dark at room tem-
perature for 2 h and then exposure at the Od-
yssey Infrared Imaging System (LI-COR, U.S.).

Statistical analysis

All data are presented as the mean + sem from
parallel experiments performed in triplicate,
unless otherwise indicated. All comparisons in
the data were performed using the Student’s
T-test and were considered statistically sig-
nificant at P < 0.05 and P < 0.01. All analyses
were performed using SPSS software version
19.0.

Int J Clin Exp Med 2019;12(4):3238-3249
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Figure 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.

Results

5-FU and GRg, synergistically inhibit the
growth of HCT-116 cells in vitro

After exposure to various concentrates of 5-FU
(10, 20, 30, 40, 50 pM), GRg, (5, 25, 50, 75,
100 pyM), 20 uyM 5-FU + 20 pM CF or 15 uM
5-FU + GRg, (5, 25, 50, 75, 100 uM) for 48 h,
their growth inhibitory effect on HCT-116 cells
were determined by MTT assay. A dose-depen-
dent inhibitive effect on cell growth was ob-
served. As shown in Figure 2A, the IC_, of 5-FU
or GRgs was 25+5.47 or 111.4+6.9 uM, res-
pectively. Importantly, the combination of 5-FU
(A5 pM) with GRg3 in various concentration
(5, 25, 50, 75, 100 yM) induced cytotoxicity
(Figure 2A), and the IC_, of GRg, modulated by
15 pM 5-FU was 18.6+2.1 uM. Moreover, GRg,
in combination with 5-FU, compared with ag-
ents treated alone, augmented cytotoxicity (P
< 0.01), providing additional evidences for the
synergism. In addition, co-treatment with 15
MM 5-FU plus 75 pM GRg, could approach an
equivalent viability inhibitory effect in compari-
son with combination of 20 uM 5-FU plus 20
UM CF (P > 0.05) (Figure 2B). The Cl value was
determined by using CompuSy software. Cl < 1
indicates synergism, Cl > 1 indicates antago-
nism, Cl = 1 indicates additive effect. Our Com-
bination index analysis showed that 15 uM
5-FU combined with 5 yM GRg3, the Cl value =
1; 15 yM 5-FU combined with higher doses
GRg,, the CI value < 1 (Figure 2C). Notably,
when 5-FU (15 uM) was combined with GRg, at
a concentration higher than 5 yM, all of the
points in isobologram analysis below the diago-
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nal (Figure 2D), implying that the use of GRg,
and 5-FU treatment for HCT-116 cells can lead
to synergizes.

Effect of Ki67 expression on cell proliferation

Immunofluorescence staining of Ki67 was per-
formed to investigate the effect of 20 pM 5-
FU, 100 uM GRg,, 20 uM 5-FU + 20 puM CF or
15 pyM 5-FU + 75 pM GRg, in HCT-116 cells
proliferation. The decrease of Ki67 expression
was observed in both one-drug groups and co-
treatment groups (Figure 3A). The ratio of Ki67
positive cells decreased to 30.3+0.75%, 36.6+
1.01%, respectively, after treat individually with
20 pM 5-FU or 100 pM GRg, for 48 h (Figure
3B). Significantly lower expression of Ki67 was
observed in 5-FU + GRg, group (14.8+0.82%),
compared with control group (49.8+1.5%, P <
0.01). Importantly, when 15 yM 5-FU combined
with 75 yM GRg, or 20 uM 5-FU combined with
20 uM CF, the expression of Ki67 decreased
to 14.8+0.82% and 16.6+0.74%, which are sig-
nificantly lower compared with 5-FU individual
group (**P < 0.01). These results are consistent
with the MTT assay, which firmly validated com-
bination of 5-FU and GRg, synergistic inhibition
on HCT-116 cells proliferation.

5-FU and GRg, induce HCT-116 cells apoptosis

Annexin V-FITC/PI staining was performed to
investigate the apoptosis effect of 20 yM 5-FU,
100 uM GRg,, 20 uM 5-FU + 20 uM CF or 15
MM 5-FU + 75 pM GRg, on HCT-116 cells. Com-
pared to the control group (4.52+0.37%), 5-FU
or GRg, single group increased apoptosis to

Int J Clin Exp Med 2019;12(4):3238-3249
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Figure 6. Effect of 5-FU and GRg, on cell cycle distribution. A. Changes in the cell cycle distribution after 48 h of
treatment with 20 yM 5-FU, 100 uM GRg,, 20 uM 5-FU + 20 uM CF or 15 uM 5-FU + 75 uM GRg,. 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.

20.6+0.61% or 16.9+0.58%, respectively ("P <
0.01), compared with control. When 5-FU was
combined with GRg,, the percentage of apop-
totic cells increased to 37.1+0.93%, which pro-
moted 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 be-
tween 5-FU + GRg, group (37.1+0.93%) and
5-FU + CF group (34.2+0.72%) (Figure 4). Thus,
this result suggested that the cell proliferation
inhibition of combined 5-FU and GRg, may be
related to the apoptotic induction.

5-FU and GRg, Induce morphological changes
in HCT-116 cells

TUNEL staining was performed to detect the
fragmented DNA in cells undergoing apoptosis.
The observed changes in apoptotic cells detect-
ed by fluorescence microscope are shown in
Figure B5A, the treatment group induced for-
mation of apoptotic bodies, condensed DNA
and other morphological changes while slightly
blue and homogeneous cells were observed in
control group. Cells were treated with 20 uM
5-FU, 100 uM GRg,, 20 uM 5-FU + 20 uM CF or
15 uM 5-FU + 75 uM GRg, for 48 h, the cor-
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responding quantities of apoptosis cell were
14.140.37%, 10.8+0.79%, 28.5+0.6%, 33.6+
0.8%. The above results showed that combina-
tion treatment of 15 yM 5-FU and 75 uM GRg,
for 48 h caused the significantly increase in the
level of apoptotic cells with red-blue fluores-
cence characteristic of TUNEL positive cells,
compared with 5-FU group (*P < 0.01) (Figure
5B). There was no significant difference be-
tween 5-FU + CF (28.5+£0.6%) group and 5-FU +
GRg, (33.6+0.8%) group (Figure 5B).

5-FU and GRg, synergistically induce cell cycle
arrest in HCT-116 cells

Flow cytometry was used to detect the effect of
GRg, or 5-FU on cell cycle distribution of HCT-
116 cells. Cells were incubated with 20 uM
5-FU, 100 uM GRg,, 20 yM 5-FU + 20 uM CF or
15 yM 5-FU + 75 uM GRg, for 48 h and their
effect on cell cycle distribution was studied. As
shown in Figure 6A, GRg3 treatment for 48 h
induced a significant (12.4+0.94%, P < 0.01)
increment of cell number in G, phase of HCT-
116 cells, whereas 5-FU treatment induced S
phase arrest (19.2+1.4%, P < 0.01). Following
exposure to 75 uM of GRg, and 15 uM of 5-FU
for 48 h, the percentage of HCT-116 cells at

Int J Clin Exp Med 2019;12(4):3238-3249
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s.e.m. (n =3). "P < 0.05, P < 0.01, compared with control. *P < 0.05, *#P < 0.01, compared with 5-FU.

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 75 uM of GRg, and 15 uM of 5-FU for 48
h, the percentage of G,/M population of cells
was significantly reduced (15.1+1.84%), com-
pared with the control group (31.3+0.76%) (""P
< 0.01) (Figure 6B). Similarly, treatment with
5-FU + CF also significantly increased cell cy-
cle arrest in the S phase (28.9+1.73%, P <
0.01) alone with the reduction of cells in G,/M
phases, compared with control group. There
was no significant difference between 5-FU +
CF group and 5-FU + GRg, group. These results
indicated that 5-FU and GRg, together exhibit
greater cell cycle arrest in the S and G,/G than
when used alone.

Regulatory mechanisms of GRg, and 5-FU in-
duced apoptosis on HCT-116 cells

To determine the underlying mechanisms of
above-mentioned findings, the influence of 5-
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FU or GRg, on apoptosis-relate proteins were
further investigated by western blot assay. The
highly decreased expression of Bcl-2 and Bcl-xl
was observed (Figure 7) in the treatment of 20
MM 5-FU, 100 pM GRg, (P < 0.01), whereas
the cells treated with 15 yM 5-FU + 75 uM
GRg, or 20 pM 5-FU + 20 pM 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 GRg,
increased significantly the level of P53, Bakx,
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 + GRg, group. These results
suggested that GRg, regulated apoptosis-relate
protein expression and induced apoptosis by
an intrinsic pathway, which is mediated by mito-
chondria manner.
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Discussion

Anticancer and natural colon-targeting featur-
es of GRg, have prompted us whether for CRC
treatment to combine it with 5-FU (a classic
chemotherapeutic agent used for the treat-
ment of CRC), there are many advantages, in-
cluding delivery of lower dose agents with lower
toxicity, and increased patient tolerance. Our
study was designed to investigate the combina-
tion of 5-FU and GRg, as a possible preventive
and/or treatment strategy for CRC. We deter-
mined the effect of the agents alone and in
combination on the growth, apoptosis, cell cy-
cle, proliferation markers and protein expres-
sion of specific proteins involved in CRC regu-
lation.

Our present findings showed that GRg, can sig-
nificantly augment the anticancer efficacy of
5-FU in HCT-116 cells in vitro by the cell viability
and proliferation assays. The results of Cl anal-
ysis indicated that GRg, was the favorable drug
for use in combination with 5-FU. Further, Im-
munofluorescent staining also indicated that
Ki67, the marker of tumor proliferation, was sig-
nificantly reduced by GRg, combination with
low dose 5-FU. Notably, our initial in vitro study
clearly indicated that the ratio of the growth
inhibition of the 15 pM 5-FU + 75 uM GRg,
group is similar to 20 uyM 5-FU + 20 uM CF
group. For the 5-FU + CF regimen has been us-
ed as standard therapy for CRC [33], our results
prompt that the Rg_-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 GRg,.

In order to understand the mechanisms that
lead to synergism between 5-FU and GRg, in
HCT-116 cells, we investigated the role of apop-
tosis and cell cycle pathways in the enhanced
anti-proliferative effects observed with 5-FU
dosed alongside GRg,.

In accordance with the cell viability and prolif-
eration assays, combined treatment resulted in
a significant decrease in the expression of anti-
apoptotic Bcl-2, Belxl and increased expres-
sion of pro-apoptotic proteins Bax. Furthermore,
Annexin V-FITC/PI staining and TUNEL assay
analysis also demonstrated that GRg, com-
bined with 5-FU dramatically promoted apopto-
sis on HCT-116 cells, while little apoptosis in
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the control group. Previous reports suggest
that GRg, and 5-FU induce apoptosis by regula-
tion of Bcl-2 and Bax and inhibit cell cycle by
inhibiting P53 [34-37]. Our results indicated
that GRg, 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 [38]. Furthermore,
P53 has the ability to activate the transcription
of various pro-apoptotic genes, including those
encoding members of the Bcl-2 family [39]. By
Western blot, the expression of P53 in 5-
FU + GRg, treated cells is more increased than
in 5-FU or GRg, treated alone cells. By Flow
cytometry, the percentage of cells in G /G, and
S phase of 5-FU + GRg, treated cells was sig-
nificantly increased than of 5-FU treated alone
cells. These results are consistent with previ-
ous reports, which P53 not only induces G, cell
cycle arrest, but it is also described to act at
the G,/M checkpoint, preventing cells from
entering mitosis if DNA damage is found [40].

Caspase are the key proteins that modulate the
apoptotic response. Caspase-3 is a key execu-
tioner of apoptosis, which is activated by an ini-
tiator caspase such as caspase-9. These acti-
vated caspases cleave many cellular subst-
rates, ultimately leading to cell death [41]. The
presence of cleaved PARP is one of the most
used biomarkers for the detection of apoptosis
[42]. Moreover, PARP is a substrate of cas-
pase-3 and its cleavage into two fragments has
been considered to be indicative of functional
caspase activation [43]. 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 GRg, promote apoptosis and
chemo-sensitivity to 5-FU through a mitochon-
dria-dependent apoptosis cascade.

Taken together, these studies demonstrated
that GRg, promoted cytotoxicity and apoptotic
effect of 5-FU on HCT-116 cells. The mecha-
nism 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 induc-
es apoptosis. Therefore, our results imply that
combining 5-FU and GRg, is a very attractive
modulation strategy for 5-FU chemotherapy in
clinical CRC treatment. Further in vivo and clini-

Int J Clin Exp Med 2019;12(4):3238-3249



20-(R)-Rg3 and 5- fluorouracil synergistically anti-tumor effect

cal studies are warranted to evaluate the thera-
peutic potential of 5-FU combined with GRg, for
CRC treatment.
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