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Apoptotic Effects of Ginger Extract (Zingiber officinale) on Esophageal
Cancer Cells ESO26: An In Vitro Study

Abstract

Aim: Ginger is a natural dietary rhizome with antioxidant, anti-inflammatory, and anticarcinogenic
properties. It has many medical beneficial properties such as anti-proliferation and antiapoptotic
effects on cancerous esophageal cells. Materials and Methods: Esophageal cancer cells ESO26 were
cultured in the presence and absence of ginger extract at various concentrations for 12, 18, and 24 h.
Then, the viability was determined by 3-(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bromide (MTT)
assay. Western blot analysis of caspase-3 was performed to detect apoptosis. p21, Bax, and Bcl-2 gene
expression was measured using quantitative polymerase chain reaction (PCR). Data were analyzed using
one-way analysis of variance (ANOVA) followed by Tukey test. Results: The ginger extract increased the
cleavage of caspase-3 in cells (P < 0.05). Results of real-time PCR have shown that ginger decreased the
expression of Bel-2 and increased Bax and p21 gene expression (P < 0.05). Conclusions: Results showed
that the process of cell proliferation has been stopped. Also, this study indicated that ginger might exert
a chemopreventive effect on esophageal cancer through the suppression of proliferation and the growth

of tumor cells as well as the induction of apoptosis.

Keywords: Apoptosis, caspase-3, esophageal cancer, ginger

Introduction

In esophageal cancer, esophagus tissue cells
are involved.l Inhibiting cell proliferation
and increasing apoptosis in tumor cells are
effective strategies to prevent tumor growth.™
Apoptosis is an essential process during
development and is also an active form of
cell suicide controlled by a network of genes,
which plays a key role in the pathogenesis of
diseases, including cancer.’! Several studies
strongly suggested that defect in the process
of apoptosis is the main factor in the onset and
progression of cancer.

Ginger has been prescribed for many diseases®™
due to its antioxidant, anti-inflammatory, and
anticarcinogenic properties.[! Some of the
ginger components are gingerols, shogaols,
paradols, zerumbone, and gingerdiols.”
A study showed that the major components
of ginger (6-shogaol and 6-gingerol) have
anti-invasive activity against hepatoma
cells.[ Ethanol extract of ginger decreased
the size, incidence, number, and multiplicity
of cells in mouse skin® and human colorectal
cancer cells.”) Ginger supplementation
suppresses colon carcinogenesis in the
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presence of procarcinogen.!!” Recent studies
showed that 6-gingerol as main component
of ginger inhibited nuclear factor kappa B
(NF-xB) activation by impairing the nuclear
translocation of NF-xB, suppression of
cIAP expression and increased trial-induced
caspase-3/7 activation in gastric cancer
cells.!'!! The inhibitory effect of 6-gingerol
on proliferation of hepatoma cells has been
shown in cell culture.'” One study suggested
that ginger arrested cell cycle and induced
apoptosis.l''! Animal studies showed that
6-shogaol prohibited growth of pancreatic
cancer and increased the effects of gemcitabine
in the suppression of tumor growth.['*4 Also
6-gingerol induces apoptosis in the prostate
cancer cell.['>1% Also, zerumbone could inhibit
Vascular endothelial growth factor (VEGF)
expression, cell proliferation, and NF-xB
activation in gastric cancer cell lines.['718]

There is a lot of information about the
anticancer effects of the ginger. However, its
molecular mechanisms in esophageal cancer
cells are not well known. The herbal extract
has more anticancer effects than the purified
components of ginger.['! This study was
undertaken to investigate impacts of ginger
ethanol extract on the growth of esophageal
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cancer cell lines. Although chemopreventive role of ginger
has been studied,'®2% very little information is available about
anticancer role of ginger in esophageal cancer.

Materials and Methods
Ginger extract

Ginger crude extract was obtained using ethanol extraction
provided by Noor Azian Murad protocol of Lipids Engineering
Applied Research (CLEAR) Center, University Technology
Malaysia.?!! The preparation steps include cutting, washing,
drying, and grinding. At the end, a little alcoholic extract
of ginger was obtained. To dry the ginger pieces, they were
placed in an incubator at 45°C. The ginger was dried before
the extraction using rotary evaporator in ethanol (1 L) for 6h.
The solvent was removed using vacuum at 500 mbar within 2 h,
followed by 400 and 300 mbar in the next 3 h to yield extract,
a brown viscous liquid (9.80g, 4.9%).

Cell culture

ES026 cells were cultured primarily in Dulbecco’s Modified
Eagle medium (DMEM), supplemented with 10% fetal bovine
serum (FBS), 2mM glutamine, 110 mg/L sodium pyruvate, and
3.7g/L sodium bicarbonate at 37°C and 5% CO,. Penicillin
(100 U/mL), streptomycin (100 mg/mL), and amphotericin B
(2.5mg/L) were added to the culture media for the inhibition
of bacterial and fungal contamination. Every 2 days and at
the confluent stage, cells were trypsinized and subcultured in
three new flasks at a density of 1 x 10° cells per 25 cm? flask.

MTT assay

The 3-(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bromide
(MTT) assay was used to determine the cytotoxicity. The
extraction of ginger was dissolved in ethanol, and the final
organic solvent concentration in the cell culture was 1% (vol/
vol). Control cultures were exposed to the solvent only. Cells were
seeded in MTT (Sigma, USA) supplemented with phosphate-
buffered saline (PBS) (0.1 mg) in the presence and absence (as
controls) of the extraction of ginger, which was added into each
well at different concentrations and then incubated at 37°C for
4h.The MTT formazan crystals, 1-(4, 5-dimethylthiazol-2-yl)-3,
5-diphenylformazan, were dissolved by the addition of acid—
isopropanol (0.04 N HCl in isopropanol) to stop the cleavage of
the tetrazolium ring by dehydrogenase enzymes, which convert
MTT to an insoluble purple formazan in living cells and mixed
at room temperature. After 20 min, the level of colored formazan
derivative was determined by measuring the optical density
(OD) with a microplate reader (model 3550; Bio-Rad, USA)
at 570nm (OD 570-620). The mean OD value of the content
of four wells was used for assessing the cell viability expressed
as percentage of control; Viable cells (%) = [(total cells — dead
cells)/total cells] x 100%.

SDS-PAGE and Western blot analysis

Cell lysate was performed using lysis buffer (20 mM Tris—HCI
pH 7.4, containing 50 mM NaCl, 1% NP-40, 10% glycerol,

I mM PMSF, and 2mM ethylenediaminetetraacetic acid
[EDTA]). Freshly added protease inhibitor cocktail (Sigma).
After 10min keeping in 0°C, the suspension was centrifuged
in 14,000xg for 15min at 4°C, and the supernatant was
collected. Then, the protein extracts were quantified using
Bradford assay, and equal amounts of total protein (20 pg)
were boiled in sodium docecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) sample buffer for 10 min and
loaded per lane and segregated by 12.5% SDS-polyacrylamide
gel at 150 V. In the next step, protein bands were transferred
to polyvinylidenedifluoride (PVDF). The membranes were
washed three times with PBS containing 0.05% (vol/vol) Tween
20, and then blocked in PBS—bovine serum albumin (BSA)
2% (wt/vol) for 2 h. Then it was incubated overnight at 4°C in
the presence of primary antibodies against caspase-3, for 2h
in secondary (rabbit anti-mouse IgG, horseradish peroxidase
[HRP] conjugated) antibodies after washing five times in each
step. Finally, the blots were exposed to HRP substrate solution
(3,3¢,5,5¢-Tetramethylbenzidine (TMB) and H,0,) to detect
target proteins. All Western blot analyses were repeated at
least three times on different cell culture samples. Blots were
quantified by scanning densitometry using Image J software
(developed by Wayne Rasband, National Institutes of Health,
and Bethesda, Maryland; available at http://rsb.info.nih.gov/
ij/index.html).

Quantitative real-time polymerase chain reaction

Total ribonucleic acid (RNA) of cells was extracted using high
pure isolation kit (Roche, Mannheim, Germany) according to the
manufacturer’s instructions. Total RNA was assessed qualitatively
and quantitatively using a spectrophotometer (NanoDrop 2000,
USA), and samples were stored at -80°C for further investigations.
A one-step quantitative test was performed on RNA expression
using CYBR Green kit. Cells were treated with ginger crude
extract for 18h. The primer sequences were completely similar
to those performed in our previous study. The synthesis of
complementary deoxyribonucleic acid (cDNA) was carried out
at thermal cycler conditions corresponding to 15min at 50°C,
10min at 95°C, followed by 40 cycles of 15s at 95°C to denature
the DNA and 45s at 60°C to anneal and extend the template.
The melting curve was analyzed at temperatures in the range
of 65°C-95°C with a temperature transient rate of 0.1°C/s. All
reactions were performed in triplicate in a Stratagene MX 3000P
system (USA). The values obtained for the target gene expression
were normalized to 3-actin, and analyzed by the relative gene
expression -AACT method, where -AACT = (CT target — CT [3-
actin) unknown — (CT target — CT -actin) calibrator.

Statistical analysis

In this study, all the experiments were conducted in
triplicates, and reported values were represented as the
mean value + standard error of mean (SEM). The one-
way analysis of variance (ANOVA) followed by Tukey
post hoc test was performed to compare the results. The
statistical significance of variations was confirmed at
P <0.05.
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Results
Effect of ginger extract on cell survival

We determined the effects of ginger extract in different
concentrations (0.0, 0.2, 0.4, and 0.8 mg/mL) on survival
of human ESO26 cells after incubation with the extract for
12, 18, 24, and 48h before being harvested. As shown in
Figure 1, our results indicated that the ethanol extract of
ginger has a dose-and time-dependent anti-proliferative
effects on viability of ESO26 cells. Moreover, according to
Figure 1B, the IC  concentration of ginger was 0.84mg/
mL. This study showed that the ginger extract had a stronger
anti-proliferative potentiality on ESO26 cells, and even at
low concentrations, ginger significantly inhibited the cell
proliferation. In addition, the maximum effect of the ethanol
extract was approximately 82% reduction in cell viability,
which has been observed after 18h of treatment with the
highest dose (0.8 mg/mL). As depicted in Figure 1B, ginger
extract at concentrations of 0.2-0.8 mg/mL reduced the
survival of ESO26 cells. At concentration of 0.8 mg/mL,
reductions in ESO26 cells survival were 4%, 24%, 65%,
and 82% after 12, 18, 24, and 48 h of treatment, respectively.
Then cells treated with concentration (0/8 mg/mL) of ginger.

Effects of ginger on morphological changes

To examine whether ginger is capable of increasing cell
death by inducing apoptosis, the morphology of cells before

Figure 1(a): Survival rate (%) of cancer cells after exposure to different
concentration of Ginger (mg/ml) at different time

and after treatments was observed. It could be observed that
ginger significantly increased the percentage of apoptotic cells
in a dose-dependent manner [Figure 2]. The morphological
abnormalities (shrinkage and vacuolization), growth inhibition,
and detachment of cells were evident in the ginger-treated
cells, especially at the highest dose (0.8 mg/mL), whereas no
significant abnormality and cellular death were observed after
exposure of ginger at 0.2 mg/mL. It was found that ginger had
apoptotic effect on the ESO26 cells.

Determination of caspase-3 activity in ESO26 cells

Cells were treated with ginger extract for 18 h, and Western blot
analysis was performed to assess apoptosis. Our results showed
that ginger had an anti-proliferative effect on ESO26 cells;
these results indicated that the ethanol extract of ginger has
a potential to induce apoptosis and inhibit proliferation cells.
Results of blotting presented in Figure 3 reveals that ginger
extract could induce apoptosis in ESO26 cells. Currently, there
are two known pathways that activate the apoptotic caspase
cascade: intrinsic and extrinsic pathways.?? Both of them
(internal and external) trigger the activation of caspase-3, which
means that caspase-3 is a 32-kDa inactive precursor. Activation
of Caspase 3 (17 kDa fragment) has caused othersCaspases
are activated in the cytoplasm or cell nucleus. The ginger
extract increased the cleavage of caspase-3 in ESO26 cells.
Therefore, our results indicated that ginger extract induces
apoptosis in ESO26 cells.
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Figure 1: (A, B) Influence of ginger on viability of cell lines ES026. Cell viability was monitored by 3-(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bromide
(MTT) assay. Data are expressed as the mean * standard error of mean (SEM) of the three separate experiments
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Ginger treatment modulates expression of
apoptosis-related genes

Apoptotic cascade is regulated by a variety of factors, among
them Bcl-2 protein family plays central role in apoptotic
events. This family includes antiapoptotic members such
as Bcl-2, which is specifically considered as an important
antiapoptotic protein that inhibits cell death. On the contrary,
proapoptotic members such as Bax and p21 play important
role in apoptosis induction. In Figure 4a, the ginger extract
decreased the expression of Bcl-2 and increased the expression
of the apoptosis regulatory gene Bax and p21, which was
revealed in Figure 4b and c. Our results showed that ginger
extract modulates the expression of a number of genes, which
may induce apoptosis in esophageal cancer cells.

Discussion

Gastrointestinal (GI) cancer is one of the prevalent cancers
(20%) in newly diagnosed cancer cases.**! In vitro studies
have shown that ginger has an anticancer role in colon cancer,
and crude ethanol extract of ginger has anticancer activity
and antioxidant role in GI cancer cells.?* Ginger exerts its
anticancer effects through inhibition of the NF-kB activation
and downregulation of cytosolic inhibitors of apoptosis (cIAP)-
1. Park et al.® showed that 6-gingerol via cell cycle arrest at
G1 phase and independent of p53 molecule inhibits the growth
of the BxPC-3 and HPAC cells. Similarly, ginger has been
shown to suppress the growth of cancerous cells (BxPC-3 and
HPAC) through cell cycle arrest at G1 phase and independent
of p53 status.?! It has been shown that the major components
of ginger, 6-gingerol and 6-shogaol, have an anticancer role in
liver cancer.!'! Numerous in vitro studies showed that ginger

Control Ginger 0.2 mg/ml Ginger 0.4 mg/ml

Ginger 0.8 mg/ml

Figure 2: ESO26 cells morphological changes treated with different
concentrations of ginger extract
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Figure 3: Cleavage of PPAR and caspase-3 in ESO26 cells after treatment
with ginger extract. Data are expressed as the mean * standard error of
mean (SEM) of the three separate experiments

and its active components inhibit growth and proliferation of
colorectal cancer cells.*?” A significant number of in vitro and
in vivo studies reported that ginger and its active compounds
have anti-cancer effect against GI cancer.[?"!

Apoptosis is a very important process for selective cell removal,
which plays a critical role in many cellular processes. Caspases
are important factors of the apoptotic system. Caspase-3 is an
enzyme that is activated during apoptosis in a wide variety
of tissues.?® In this study, the ginger extract increased the
cleavage of caspase-3 in ESO26 cells. These cleavages occur
at apoptosis, and are markers of apoptosis.’*”! As shown in
Figure 3, our results showed that the cytotoxic effect reported
in response to the treatment with ginger is related with the
induction of apoptosis in the ESO26 cells. Several studies
have revealed that ginger extract could induce apoptosis.!?”

Numerous studies have shown that ginger has the ability to
inhibit NF-kB. Inhibition of NF-kB is due to the anti-cancer
role of ginger.B%3!) Many studies have shown that ginger
reduces Bel-2 and increases Bax.2¥! Results of real-time
PCR in Figure 4B showed that ginger extract decreased the
expression of Bcl-2, which is a very important protein involved
in the regulation of antiapoptotic processes. Also, Figure 4A
and C shows that the ginger extract increased the expression
of apoptotic regulatory genes (Bax and p21). These proteins
destroy the potential of the mitochondrial membrane, resulting
in the release of cytochrome C from the mitochondria. The
expression of these genes is regulated by the p53 tumor
suppressor.’ The p21 protein is involved in the induction of
apoptosis. Several studies have reported that ginger increased
p21 expression.’3%1 Our results showed that ginger extract
modulated the expression of a number of genes that play a
role in the survival and growth of esophageal cancer cells.
Results showed that ginger decreased the expression of Bcl-2
and increased the expression of apoptosis regulatory genes Bax
and p21. Decreasing of Bcl-2 by ginger plays an important role
in the treatment of cancer cells. Simultaneous with the changes
in the expression of these genes, the level of caspase-3 also
increased. Coactivation of caspase-3 and increased levels of
p21 and Bax led to the death of cancer cells.

Overall, according to the results of this study and previous
study, it can be concluded that ginger has the potential for
inducing apoptosis in esophageal cancer cells. Ginger (as a
popular spice and effective factor in reducing the incidence of
cancer) is a relatively cheap spice that is found throughout the
world. Thus, due to its different biological roles as well as its
low toxicity reported in studies, it should be used reasonably
in a daily diet.

One of the most important limitations of our study was that we
could not simultaneously examine several cancer cells. Also,
we could not examine the role of ginger components separately
in cancer cells. But one of the most important strengths of this
research was that we used several techniques simultaneously
to determine a metabolic pathway.
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Conclusion

In general, this study indicates that ginger causes a series
of fundamental changes in the mitochondrial membrane
potential, activation of caspases on the upregulation of Bax,
p21, and downregulation of Bcl-2 gene in esophageal cancer
cells. The findings of this study indicated that ginger might
exert a chemopreventive effect on esophageal cancer through
the suppression of proliferation and induction of apoptosis.
Collectively, these data suggest that ginger can be introduced
as an effective factor in reducing and preventing cancer.
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Figure 4: (A, B, and C) Effects of ginger on expressions of Bax and Bcl-
2 genes of US7MG cells. Ribonucleic acid (RNA) was isolated, reverse
transcribed to complementary deoxyribonucleic acid (cDNA), and then
amplified by a real-time polymerase chain reaction (PCR) detection system
to measure messenger RNA (mRNA) levels of Bax, p21, and Bcl-2. *P < 0.05,
**P<0.001. Data are presented as the mean * standard error of mean (SEM)
from three independent experiments
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