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6-Gingerol exerts anti-tumor effects in various cancer cell
models. We evaluated the effect of 6-gingerol on the growth
of MCF-7 breast cancer cells and MCF-10A breast epithelial
cells to determine whether any growth-inhibitory effects
found were attributable to apoptosis, and to elucidate the
undedying mechanism of action. 6-Gingerol inhibited the
viability of both cell lines in a dose- and time-dependent
manner; however, the degree of inhibition was greater in
MCF-7 than MCF-10A cells. By flow cytometry, induction of
dose- and time-dependent apoptosis was found, and the
magnitude of apoptosis was also markedly greater in MCF-7
than MCF-10A cells. Expression of caspase-3 and poly
(ADP-ribose) polymerase (PARP) was observed in MCF-7
cells treated with 6-gingerol, and further cleavage of PARP
occurred in these cells. We suggest that 6-gingerol induces
apoptosis in human breast cancer cells mainly by promoting
caspase-3 expression and subsequent degradation of PARP.
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Introduction

Breast cancer cells have been known to cause metastatic
lesions in oral sites such as jaws, mandible, maxilla,
tongue, and etc [1,2]. Ginger (Zingiber officinale) has been
used world wide as a spice and a traditional herb to
cold, [3]. It has
pungent phenolic substances collectively known as gingerol,

mitigate headache, nausea, and etc
shogaol, zingerone, and etc [4]. Of these, 6-gingerol has
been known to have anti-oxidant [5], anti-inflammatory [6],
and anti-tumor effects [7,8]. 6-Gingerol has been shown to
produce anti-tumor effects in various cancer cell models.
6-Gingerol inhibited pulmonary metastasis in mice bearing
B16F10 cells by the activation of CD8 T cells [9] and
inhibited the

blocked the azoxymethane-induced intestinal carcinogenesis

skin tumor growth in ICR mouse and
in rodents [10]. 6-Gingerol caused anti-tumor effects also

in other various cancer cell models. For example,
6-gingerol produced cell death in HL-60 cell lines by
DNA fragmentation [11], and it also caused viability
reduction in gastric cancer cells [12], prostate cancer cells
[13], and colorectal cancer cells [14].

The effect of 6-gingerol in human breast cancer cell
model however is not known so far, although breast
cancer is the most common cancer and also the principal
cause of death from cancer among worldwide women [15].

Therefore, we investigated first whether 6-gingerol induce
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anti-tumor effects in human breast cancer cells, which are
possibly related with metastasis to oral regions. We
elucidated further the mechanisms responsible  for
6-gingerol-induced anti-tumor effects in case that 6-gingerol
exerts such effects.

Materials and Methods

Cell culture

MCF-7 (human breast cancer cell lines) and MCF-10A
(human breast epithelial cell lines) cells were grown in
RPMI-1640 media supplemented with 5% fetal bovine
serum, penicillin (100 kU/L), streptomycin (100 mg/L), and
2 mM of glutamine. The cell cultures were maintained at
37C in a 5% CO; incubator.

MTT assay
The cell viability was assessed by MTT assay. This

assay was based upon the reduction of MTT through the
mitochondrial succinate dehydrogenase of intact cells into a
purple formazan product. 1ml aliquot of the exponentially
growing MCF-7 and MCF-10A cells containing 1x10°
cells/ml was added to each well of 24-well plates. These
cells were incubated with various amounts of the
6-gingerol dissolved in 0.1 % ethanol. Two or three
replicate  wells were utilized in each point of the
experiments. MTT solution was added and incubated for 2
hrs at 37C in a 5% CO, incubator. The resulting
MTT-formazan product was dissolved by the same volume
of lysis buffer and the incubation was continued overnight
at 37°C. The amount of formazan was determined by
measuring the absorbance at 570 nm using a Bio-Rad 550
ELISA microplate reader.

Flow cytometry assay
Flow cytometric DNA analysis was done by the

available method with minor modifications. Growing
MCF-7 and MCF-10A cells at a density of 1x10° cells/ml
were untreated or treated with 6-gingerol. The cells were
then prepared as a single cell suspension in PBS, fixed
with ice-cold 70% ethanol, and maintained at 4T
harvested by  500xg
resuspended in  PBS

overnight.  The cells were
centrifugation for 10  min,
supplemented with 0.1% Triton-X 100 and DNase free

RNase (100 g/ml), incubated at 37°C for 30 min, and
stained with propidium iodide in the dark at 4°C for 30
min. The red fluorescence of the individual cell was
measured with the flow cytometry (BD FACScalibur flow
cytometer, USA).

Western blotting assay
Equal amount of proteins (20 ~ 50 pg) were separated

by SDS-PAGE. After electrophoresis, the gel was blotted
onto a PVDF membrane. The blotted membranes were first
blocked with TBS containing 5% nonfat dried milk for 2
hrs at room temperature and followed by probing with
primary antibodies against proteins-of-interest in 3% nonfat
dried milk at 4 °C for overnight. Membranes were washed
three times with TBST and incubated with secondary
antibodies for 2 hrs. Then membranes were washed three
times with TBST and visualized using ECL detection
system by LAS-3000 luminescent image analyzer (Fuji
Photo Film, Tokyo, Japan). The primary antibodies against
caspase-3 and poly (ADP-ribose) polymerase (PARP) were
purchased from Cell Signaling Technology (Beverly, MA,
USA).

Statistics
Data are presented with mean = SD or SE. Statistical

analysis was done using Student’s t-test and ANOVA.
Significance was defined as P < 0.05.

Results

Effect of 6 —gingerol on cell viability in breast cells

We evaluated the effects of 6-gingerol on cell viability
in MCF-7 cancer cells and MCF-10A epithelial cells.
These human breast cells were treated with the wide range
of 50, 100, 200, and 300 pM of 6-gingerol for 12, 24,
and 48 hrs. The viability was determined by MTT assay.
6-Gingerol produced dose- and time-dependent inhibition of
cell viability in both human breast cancer and epithelial
cells. However, the magnitude of inhibition was greater in
MCF-7 cells than in MCF-10A cells in every dose and
time. When cells were treated for 24 hrs, 6-gingerol
inhibited 33.4% (200 uM) and 43.9% (300 pM) in MCF-7
cells while 26.8% (200 pM) and 34.4% (300 pM) in
MCF-10A cells. When treated for 48 hrs, 6-gingerol
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Fig. 1. Effect of 6-gingerol on the inhibition of cell viability in human breast cells. The cell viability was measured by MTT assay.
The white bar is MCF-10A breast epithelial cells and the black bar MCF-7 breast cancer cells. Cells were treated with 50, 100, 200,
and 300 uM of 6-gingerol for 12, 24, and 48 hrs. Data was presented with mean + SD. P < 0.05 compared to the control group.

Table 1. Flow cytometry analysis of MCF-10A and MCF-7 cells treated with various concentrations of 6-gingerol for 24 and 48 hrs

Treatment MCF-10A Human Breast Epithelial Cell
Apoptosis Cell-Cycle

Sub-G0/G1 G0/G1 S G2/M
Control 0.50 £0.05 41.63 £2.96 43.01£1.16 15.10 +1.83
100 uM 1.25+0.13 37.93 +4.52 43.08 £1.52 17.99 +3.28
200uM 24 hrs 1.27 £0.04 40.86 £3.52 40.50 £3.16 17.59 £1.53
300 uM 1.32 +£0.26 55.35+2.22 28.78 £2.77 14.76 £0.36
100 uM 1.33 +£0.38 44.00 £3.43 34.65 £6.21 20.15 £2.73
200uM 48 hrs 2.08 £0.16 41.32 40.96 29.02 £2.00 28.00 £2.28
300 uM 6.97 £2.18 49.54 £1.42 31.21 +0.44 12.71 +£1.10
Treatment MCF-7 Human Breast Cancer Cell

Apoptosis Cell-Cycle

Sub-G0/G1 GO0/G1 S G2/M
Control 3.96 £0.99 46.40 +1.05 25.05 +0.33 24.92 £0.47
100 uM 5.22 £0.62 38.26 +2.21 25.32 +1.34 31.61 +£1.98
200uM 24 hrs 4.79 £0.27 45.27 £0.31 23.60 £0.91 26.76 £0.51
300 uyM 7.57 +£0.57 52.15+3.98 23.02 £1.62 17.73 £2.37
100 uM 6.91 +2.03 52.10£0.45 16.17 £0.41 25.10 £1.33
200uM 48 hrs 12.01 +0.34" 47.50 £1.75 22.26 +1.63 18.68 £1.02
300 uM 17.06 +1.95° 45.73 £2.27 29.46 +1.94 8.30 £1.60

Cells were treated with 100, 200, and 300 uM of 6-gingerol for 24 and 48 hrs and analyzed by the flow cytometry. All phases are
represented in percentage. Each experiment was separately performed in triplicate. Data are shown as mean = SE. 6-Gingerol treated
cells displayed significant apoptosis as compared to control treated cells (P <0.05 for all concentrations of both cell lines).
*represents the most marked apoptotic effects by 200 and 300 uM of 6-gingerol for 48 hrs in MCF-7 cells.
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inhibited particularly 52.6% (200 pM) and 79.2% (300
pM) in MCF-7 cells while 43.7% (200 pM) and 56.8%
(300 puM) in MCF-10A cells. Maximal inhibition of cell
viability was observed at 300 uM of 6-gingerol following
48 hrs treatment in MCF-7 cells (Fig. 1).

Flow cytometry analysis of breast cells treated
with 6—gingerol

To elucidate the mechanism for 6-gingerol-induced
inhibition of cell viability, we performed flow cytometry
analysis on both MCF-7 and MCF-10A cells (Fig. 2 and
Table 1). 6-Gingerol induced dose- and time-dependent
apoptosis in MCF-7 cells. Particularly, 12.0 % and 17.1
% in Sub-G0/G1 phase at 200 and 300 uM of 6-gingerol
following 48 hrs treatment was respectively observed in
MCF-7 cells. Similar apoptotic pattern was noted in
MCF-10A cells and however the magnitude of cell death
was quite smaller than that of MCF-7 cells. In addition to
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Fig. 2. Histogram of DNA distribution in 6-gingerol treated
MCF-7 (A) and MCF-10A (B) cells treated with 100, 200, and
300 uM of 6-gingerol for 24 and 48 hrs. These cells were then
harvested, washed in PBS, fixed with 70% ethanol, and stained
with propidium iodide. DNA contents were then analyzed by
the flow cytometry.

apoptosis, 6-gingerol produced transiently cell cycle arrest
without dose- or time-dependent relationship. That is,
increase in Gl-phase was observed temporarily at 300 pM
of 6-gingerol for 24 hrs in MCF-10A cells. MCF-7 cells
displayed Gl-phase arrest only at 300 pM for 24 hrs and
100 puM for 48 hrs of 6-gingerol treatment (Table 1).
These results suggest that apoptosis is mainly responsible
for the inhibition of cell viability by 6-gingerol in MCF-7
cells, although cell cycle arrest is transiently observed.

Caspase—3 activation and PARP cleavage

In order to -elucidate the molecular pathways for
6-gingerol-induced apoptosis in MCF-7 cells, we performed
the western blotting analysis of apoptotic proteins.
6-Gingerol induced the expression of caspase-3 in these
cells. The distinct dose-dependent fashion was not observed.
However, 6-gingerol induced the similar time-dependent
fashion, which was observed in earlier experiments on cell
viability and flow cytometry (Fig. 3A). Since PARP-specific
cleavage follows the activation of caspase-3 in apoptotic
pathways, we conducted the western blotting experiment
using the antibody against PARP. PARP expression was not
observed in 24 hrs but observed in 48 hrs treatment of
6-gingerol. Increasing the dose of 6-gingerol in 48 hrs
treatment produced further cleavage of PARP into an 85 kDa
fragment (Fig. 3B). However, the dose-dependent fashion in
cleavage was not observed.

24h 48h

B. CON 100 200 300 CON 100 200 300

| PARP
= Gleaved PARP

24 hr 48 hr

Fig. 3. Total cellular proteins from these cells treated with
6-gingerol were prepared and western blotting were performed
with an antibody-specific corresponding proteins. (A) Effect of
6-gingerol on the expression of caspase-3 in MCF-7 cells
treated with 100, 200, and 300 uM of 6-gingerol for 24 and 48
hrs, and (B) expression of PARP in MCF-7 cells treated with
100, 200, and 300 uM of 6-gingerol for 24 and 48 hrs
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Discussion

We demonstrated that 6-gingerol induced dose- and
time-dependent apoptosis in human breast cancer cells first
in this study. Similar dose- and time-dependent fashion of
apoptosis was also observed in MCF-10A breast epithelial
cells, although its magnitude was smaller than that of
MCEF-7 breast cancer cells. The molecular mechanism for
6-gingerol-induced apoptosis was further presented as the
activation of caspase-3 and the degradation of PARP in
breast cancer cells. In addition to apoptosis, 6-gingerol
produced transient cell cycle arrest.

6-Gingerol caused anti-tumor effects also in other
various cancer cell models by others. For example,
6-gingerol-induced cell death in HL-60 cell lines by DNA
fragmentation [10], and it also produced viability reduction
in gastric cancer cells [12]. Like our results showing cell
cycle arrest and caspase-3-mediated cell death in human
breast cancer cells, 6-gingerol caused cell cycle arrest and
caspase-3-dependent apoptosis both in human prostate
cancer cells [13] and colorectal cancer cells [14].

The caspases are a family of proteins, which are very
responsible for the apoptosis. These enzymes are known as
cysteine proteases and exist within the cells as the inactive
proforms. They could be cleaved to form active enzymes
following induction of apoptosis [16]. The PARP (poly
(ADP-ribose) polymerase), one of the important DNA repair
enzymes was identified to be a substrate for the caspases.
The ability of PARP to repair DNA damage is inhibited
following cleavage of PARP by caspase-3 [17]. In addition
to 6-gingerol, Amooranin (herbal preparation), roscovitine
(inhibitor of cyclin-dependent kinase), and methotrexate
(antifolate) also induced apoptosis in MCF-7 cells by
expression of caspase-3 and cleavage of PARP [18-20].

Many anti-cancer drugs can usually arrest cell cycle and
then induce apoptosis [21,22]. In a similar manner, cell cycle
arrest was transiently appeared and disappeared in our study,
and then the dose- and time-dependent casepase-3 expression
and PARP degradation followed.

Based upon the apoptotic effects of 6-gingerol in human
breast cancer cell models, it is suggested that 6-gingerol
could be developed as one of anti-breast cancer drugs. More
basic biological researches to investigate the mechanism for
6-gingerol-induced responses and animal model studies need

to be carried out beforehand. Certain herbal agents in
combination with tamoxifen, well-known anti-breast cancer
drug, produced greater inhibitory effects on the growth of
human breast cancer cells than herbal agents alone [23,24].
Therefore, further research to test the synergistic anti-cancer
effects of 6-gingerol and typical chemotherapeutic drugs for
breast cancer could be necessary.

In conclusion, this study demonstrated that 6-gingerol
induces dose- and time-dependent apoptotic effects mediated
mainly through the expression of caspase-3 and subsequent
degradation of PARP in human breast cancer cell models.
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