
Abstract. Background/Aim: [6]-Gingerol, a compound
extracted from ginger, has been studied for its therapeutic
potential in various types of cancers. However, its effects on
oral cancer remain largely unknown. Here, we aimed to
investigate the potential anticancer activity and underlying
mechanisms of [6]-gingerol in oral cancer cells. Materials
and Methods: We analyzed the antigrowth effects of [6]-
gingerol in oral cancer cell lines by cell proliferation, colony
formation, migration, and invasion assays. We detected cell
cycle and apoptosis with flow cytometry and further explored
the mechanisms of action by immunoblotting. Results: [6]-
Gingerol significantly inhibited oral cancer cell growth by
inducing apoptosis and cell cycle G2/M phase arrest. [6]-
Gingerol also inhibited oral cancer cell migration and
invasion by up-regulating E-cadherin and down-regulating
N-cadherin and vimentin. Moreover, [6]-gingerol induced the
activation of AMPK and suppressed the AKT/mTOR
signaling pathway in YD10B and Ca9-22 cells. Conclusion:
[6]-Gingerol exerts anticancer activity by activating AMPK
and suppressing the AKT/mTOR signaling pathway in oral

cancer cells. Our findings highlight the potential of [6]-
gingerol as a therapeutic drug for oral cancer treatment.

Oral cancer, one of the many affecting the head and neck, is
among the world’s ten most common cancers (1). The 5-year
survival rate of oral cancer patients is still relatively low, less
than 50% (2). Oral cancer treatments include surgery,
radiation therapy, chemotherapy, and targeted therapy,
depending on the diagnosis (3). The most commonly used
chemotherapy drugs are 5-fluorouracil, carboplatin, cisplatin,
paclitaxel, and irinotecan. However, drug resistance and side
effects are serious problems that still hinder chemotherapy
success. Hence, it is essential to develop more effective and
safer drugs to treat oral cancers.

AMPK is a classical energy sensor activated by diverse
conditions, including metabolic and oxidative stresses (4).
The mammalian target of rapamycin (mTOR) is a highly
conserved serine/threonine kinase in eukaryotes; it serves as
a central regulator of cell metabolism, growth, proliferation,
and survival (5). AMPK is a tumor suppressor, as it inhibits
the activation of the oncogene mTORC1 (6). AMPK inhibits
mTOR phosphorylation through the tumor suppressor
complex (TSC) (7) and raptor (8). Multiple reports indicate
that activating AMPK and inhibiting the mTOR pathway can
repress the growth of a variety of cancer cells, including
colon (9), gastric (10), cervical (11), and oral cancers (12).
These observations indicate that the AMPK/mTOR pathway
plays a critical role in the progression of various tumors.

Numerous anticancer agents such as metformin (13),
resveratrol (14), and cordycepin (15) can activate AMPK.
[6]-Gingerol is a major phenolic compound present in the
ginger (Zingiber officinale) root which has been used as a
spice and ingredient in traditional Chinese medicine for
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centuries. [6]-Gingerol has numerous pharmacological
activities, including anti-inflammatory (16), neuroprotective
(17), and anticancer properties (18-20). [6]-Gingerol
enhances cisplatin sensitivity of gastric cancer cells by
inhibiting cell proliferation, migration, and invasion via the
PI3K/AKT signaling pathway (18). Treatments with [6]-
gingerol induce gastric adenocarcinoma cell apoptosis by
increasing the generation of reactive oxygen species (ROS)
and altering the Bax/Bcl-2 protein level (21). A recent study
reported that [6]-gingerol inhibited oral cancer cells growth
by triggering apoptosis and cell cycle arrest (19). The effect
and the underlying mechanisms of [6]-gingerol in oral cancer
cell growth remain largely unknown.

Here, we investigated the anticancer effects of [6]-gingerol
on proliferation, migration, invasion, apoptosis, and cell cycle
distribution in oral cancer cells. Additionally, we investigated
the underlying molecular mechanisms of these effects. We
found that [6]-gingerol significantly inhibits oral cancer cell
proliferation, migration, and invasion. It also induces cell
cycle arrest at the G2/M phase and apoptosis. Furthermore,
[6]-gingerol treatments activate AMPK and suppress the
AKT/mTOR signaling pathway in oral cancer cells.

Materials and Methods

Reagents and cell culture. [6]-Gingerol was purchased from Sigma
(St. Louis, MO, USA). Ca9-22 cells were purchased from the
Japanese Collection of Research Bioresources Cell Bank (Shinjuku,
Japan). YD10B cells were obtained from the Oral Cancer Institute
at the College of Dentistry, Yonsei University (Seoul, Korea) (22).
The cells were incubated in Dulbecco’s Modified Eagle’s Medium
with 10% fetal bovine serum (Gibco™) and 1% antibiotics. Cells
were maintained at 37˚C in a 5% CO2 incubator.

Cell viability assay. Cell Counting Kit-8 (CCK-8 CCK-8; Dojindo
Laboratories, Kumamoto, Japan) assays were performed to assess
cell viability. Briefly, oral cancer cells were plated on 96-well plates
at a density of 1,000 cells/well. After 24 h of culture, the medium
was replaced with one containing the specified [6]-gingerol
concentrations. The cells were then cultured for 0, 24, 48, 72, and
96 h, followed by an incubation with 10 μl of the CCK-8 regent per
well for an additional 1 h at 37˚C. The optical density at 450 nm of
each well was measured using a microplate reader (BioTek).

Soft agar colony formation assay. YD10B and Ca9-22 cells (8×103
cells/well) were suspended in complete growth medium containing
0.3% agar with 0, 50, 100, or 150 μM [6]-gingerol, and then
overlaid into 6-well plates containing 0.6% agar and the same [6]-
gingerol concentrations. The cultures were incubated for 14 days
with 5% CO2 at 37˚C. Subsequently, they were photographed under
a microscope (Leica) and the number of colonies was counted on
photographs using ImageJ.

Cell cycle and apoptosis analysis. Oral cancer cells were seeded into
60-mm culture dishes (1×105 cells/dish) and cultured overnight at
37˚C. Cells were then treated with 0, 50, 100, or 150 μM [6]-gingerol
for 48 h. For the cell cycle analysis, cells were collected and washed

with cold PBS and then fixed in 70% ethanol at –20˚C overnight.
Cells were incubated with propidium iodide (PI, 20 μg/ml) and RNase
(100 μg/ml) in the dark for 30 min and detected by flow cytometry.
For the apoptosis analysis, cells were stained with Annexin V-FITC
and PI in the dark for 20 min and subsequently analyzed by FACS
Verse flow cytometry (BD Science, CA, USA).

Migration and invasion assays. Migration assays were performed in
24-well transwell plates (8 μm pore size, Corning) according to the
manufacturer’s instructions. Cells were seeded in the upper chambers
at a density of 5×104 cells in 200 μl serum-free DMED with the
indicated concentrations of [6]-gingerol. The lower chambers were
filled with 600 μl of culture medium containing 20% FBS to
stimulate cell traveling. After 48 h in culture at 37˚C with 5% CO2,
cells were fixed for 20 min using 4% paraformaldehyde. The non-
invaded cells were wiped using a cotton swab, and the invaded cells
were stained with 0.05% crystal violet. For invasion assays, the
chamber was pre-coated with Matrigel® (BD Biosciences, St Louis,
MO, USA). The other procedures were the same as for the migration
assays. The stained cells were quantified under a microscope to
determine the number of invaded cells.

Western blotting assay. Oral cancer cells (1×106) were plated in 10-
cm dishes and incubated with 0, 50, 100, or 150 μM [6]-gingerol
for 48 h at 37˚C. The cells were collected and lysed using the Pro-
Prep lysis buffer (Intron Biotechnology, Gyeonggi-do, Republic of
Korea). Protein concentrations were measured with a Nanodrop
2000 (Thermo). A total of 30 μg of protein was separated by SDS-
PAGE and then transferred to a PVDF membrane (0.22 μm, Merck
Millipore). The membranes were blocked in 5% BSA for 1 h and
then incubated with the corresponding primary antibodies overnight
at 4˚C, followed by incubation with HRP-conjugated secondary
antibodies for 1 h at room temperature. The primary antibodies
cleaved caspase-3, cleaved PARP, p53, Bax, cyclin A1, CDK2,
cyclin B1, E-cadherin, N-cadherin, vimentin, p-AMPKα (Thr172),
AMPKα, p-AKT(Ser473), AKT, p-mTOR (Ser2448), mTOR, p-
p70S6K(Thr389), and p70S6K were purchased from Cell Signaling
Technology (Danvers, MA, USA). β-Actin was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Protein signals
were detected with the ECL detection kit (GE Healthcare, Seoul,
Korea) using the Davinch imaging system (Davinch-K, Seoul,
Republic of Korea). β-actin was used as a loading control.

Statistical analysis. Results are presented as mean±SD from three
independent experiments. Statistical significance was determined
using the Student’s t-test. A p-value less than 0.05 indicated a
statistically significant difference.

Results

[6]-Gingerol has antiproliferative effects in oral cancer
cells. The chemical structure of [6]-gingerol is shown in
Figure 1A. To evaluate the effects of [6]-gingerol on human
oral cancer cell growth, YD10B and Ca9-22 cells were
exposed to different concentrations (0, 50, 100, or 150 μM)
of [6]-gingerol for 48 h. Treatments changed cell
morphology to round, caused shrinkage, and reduced cell
density (Figure 1B). This indicated that [6]-gingerol could
induce oral cancer cell death. Next, we performed CCK-8
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Figure 1. [6]-Gingerol has antiproliferative effects in oral cancer cells. (A) Chemical structure of [6]-gingerol. (B) Cell morphology of YD10B and
Ca9-22 cells after treatment with 0, 50, 100, or 150 μM [6]-gingerol for 48 h, as observed with a light microscope (magnification, 100×). (C) Cell
viability analyzed with the CCK-8 assay. YD10B and Ca9-22 cells were treated with 0, 50, 100, or 150 μM [6]-gingerol for 0, 24, 48, 72, and 96
h. (D) Representative images of the soft agar assay in YD10B and Ca9-22 cells after treatment with 0, 50, 100, or 150 μM [6]-gingerol
(magnification, 50×). (E) Relative colony number and size of YD10B and Ca9-22 cells after treatment with 0, 50, 100, or 150 μM [6]-gingerol.
Data are presented as the mean±SD (n=6). *p<0.05; **p<0.01; ***p<0.001.



assays to evaluate the viability of treated oral cancer cells at
different time points. As shown in Figure 1C, [6]-gingerol
inhibited oral cancer cell proliferation in a dose- and time-
dependent manner. Soft agar colony formation assays
showed that the number and size of clones were markedly
reduced by [6]-gingerol in a dose-dependent manner in
YD10B and Ca9-22 cells (Figure 1D, E). These results show
that [6]-gingerol effectively inhibits oral cancer cell
proliferation and colony formation.

[6]-Gingerol inhibits the migration and invasion abilities of oral
cancer cells. We then investigated whether [6]-gingerol could
attenuate oral cancer cell migration and invasion abilities. Both
migration and invasion of oral cancer cells were significantly

inhibited by [6]-gingerol in a dose-dependent manner (Figure
2A-D). The epithelial-mesenchymal transition (EMT) process
can make solid tumors more malignant and increase their
invasiveness and metastatic activity (23, 24). Therefore, we
investigated the effect of [6]-gingerol on the expression of the
EMT marker proteins E-cadherin, N-cadherin, and vimentin.
Immunoblotting results revealed that [6]-gingerol down-
regulated N-cadherin and vimentin and up-regulated E-cadherin
in YD10B and Ca9-22 cells (Figure 2E). These results suggest
that [6]-gingerol inhibits the migration and invasion abilities of
oral cancer cells by suppressing the EMT process.

[6]-Gingerol induces apoptosis of oral cancer cells.
Apoptosis is a form of programmed cell death that occurs in
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Figure 2. [6]-Gingerol inhibits the migration and invasion of oral cancer cells. (A and B) Migration abilities of YD10B and Ca9-22 cells were
determined after treatment with 0, 50, 100, or 150 μM [6]-gingerol for 48 h. (C) and (D) Invasion abilities of YD10B and Ca9-22 cells were
determined after treatment with 0, 50, 100, or 150 μM [6]-gingerol for 48 h. (E) Western blot analysis on the expression of vimentin, N-cadherin,
and E-cadherin in the YD10B and Ca9-22 cells after treatment with 0, 50, 100, or 150 μM [6]-gingerol for 48 h. Magnification, 100×. Data are
presented as the mean±SD (n=6). *p<0.05; **p<0.01; ***p<0.001.



physiological and pathological conditions; the loss of
apoptotic control is the key to cancer development (25).
Hence, many cancer treatment strategies involve targeting
different steps of apoptotic pathways (26). To investigate the
effects of [6]-gingerol on apoptosis, oral cancer cells were
treated with 0, 50, 100, or 150 μM of [6]-gingerol for 48 h,
and analyzed by flow cytometry. The results showed that [6]-
gingerol induced oral cancer cells in a dose-dependent
manner (Figure 3A and B). Furthermore, we examined the
expression of apoptotic-related proteins by western blotting
assays. As shown in Figure 3C, [6]-Gingerol up-regulated the
expression of cleaved caspase-3, cleaved PARP, and Bax and
down-regulated the expression of Bcl-2 and survivin in oral
cancer cells.

[6]-Gingerol induces cell cycle G2/M phase arrest of oral
cancer cells. One strategy behind many cancer chemotherapy
treatments is to induce cancer cell cycle arrest and then

inhibit cell growth. To elucidate the mechanism responsible
for growth inhibition by [6]-gingerol, we examined cell cycle
distribution by flow cytometry following treatments with
different concentrations (0, 50, 100, or 150 μM). [6]-
Gingerol significantly increased the proportion of YD10B
and Ca9-22 cells in the G2/M phase (Figure 4A and B). We
then examined the expression of the G2/M phase associated
proteins cyclin B1, cyclin A1, CDK2, and Cdc25C
expression after treatment with [6]-gingerol. As shown in
Figure 4C, [6]-gingerol down-regulated cyclin B1, cyclin A1,
CDK2, and Cdc25C in YD10B and Ca9-22 cells.

[6]-Gingerol activates AMPK and inhibits the AKT/mTOR
signaling pathway in oral cancer cells. One of the strategies
for cancer chemotherapy drug development is to activate
AMPK and inhibit the AKT/mTOR pathway (27, 28).
Interestingly, [6]-gingerol enhances cisplatin sensitivity of
gastric cancer cells via the PI3K/AKT signaling pathway
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Figure 3. [6]-Gingerol induces apoptosis of oral cancer cells. (A and B) Effects of [6]-gingerol on YD10B and Ca9-22 cell apoptosis as determined
by flow cytometry. (C) Effects of [6]-gingerol on the expression of cleaved PARP, cleaved caspase-3, Bcl-2, and survivin. Data are presented as the
mean±SD (n=3). *p<0.05; **p<0.01; ***p<0.001.



(18). We determined whether [6]-gingerol had an effect on
the AMPK/AKT signaling pathway. As demonstrated in
Figure 5A, [6]-gingerol treatments up-regulated p-AMPKα
and AMPKα and significantly down-regulated p-AKT, p-
mTOR, and p-70S6K expression in YD10B and Ca9-22
cells. The potential mechanism of [6]-gingerol in oral cancer
cell growth is depicted in Figure 5B. These results suggest
that [6]-gingerol inhibits oral cancer cell growth through
activation of AMPK and suppression of the AKT/mTOR
signaling pathway.

Discussion

Natural products play an important role in the development
of drugs aimed at the clinical treatment of cancer. Numerous
studies demonstrated that [6]-gingerol has a powerful
therapeutic effect by inhibiting cancer-related signaling
pathways in various types of cancer cells (18, 21, 29-31). For

example, 6-gingerol suppresses tumorigenesis in
benzo[a]pyrene and dextran sulfate sodium-induced
colorectal cancer in mice by inhibiting inflammation and
proliferation and inducing apoptosis (29). Another study
reported that [6]-gingerol inhibits metastasis of MDA-MB-
231 human breast cancer cells through down-regulation of
MMP-2 and MMP-9 (32). [6]-Gingerol also induces cell
cycle arrest and apoptosis in human oral cancer cells (19).
However, the anticancer effect and underlying molecular
mechanism of [6]-gingerol in oral cancer cells remained
largely unknown. Here, we demonstrated that [6]-gingerol
significantly inhibited oral cancer cell proliferation, colony
formation, migration, and invasion. Furthermore, we showed
that it induced apoptosis and cell cycle G2/M phase arrest.
Analyzes of the mechanism of [6]-gingerol action showed
that treatments increased the expression of apoptotic
proteins, inhibited the expression of cell cycle G2/M phase-
related proteins, and regulated the level of EMT-related
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Figure 4. [6]-Gingerol induces cell cycle G2/M phase arrest of oral cancer cells. (A) Effects of [6]-gingerol on cell cycle distribution quantified by
flow cytometry. (B) Bar graphs represent values of cells in different phases. (C) Protein expression of cyclin B1, cyclin A1, CDK2, and Cdc25C
analyzed by western blotting. Data are presented as the mean±SD (n=3). *p<0.05; **p<0.01; ***p<0.001.



proteins. Additionally, we showed that [6]-gingerol inhibited
oral cancer cell growth by activating AMPK and suppressing
the AKT/mTOR signaling pathway.

AMPK acts as a metabolic tumor suppressor by regulating
energy levels, performing metabolic checkpoints, and
inhibiting cell growth (33, 34). mTOR is a nutrient and
growth factor sensing complex, and contributes to cell
growth, biosynthesis, and autophagy (35). There is evidence
that AMPK inhibits the mTOR complex 1 (mTORC1)
through the phosphorylation of the tuberous sclerosis
complex protein-2 (TSC2) and raptor (36). Furthermore, the
AMPK/mTOR pathway plays a crucial role in the progression
of various tumors (9, 11, 37). For example, trifolirhizin
induces colorectal cancer cell autophagy and apoptosis
through activating AMPK and suppressing the mTOR
pathway in vivo and in vitro (9). Periplocin inhibits human
pancreatic cancer cell proliferation and induces apoptosis by
activating AMPK and suppressing the mTOR pathway (38).
Our study demonstrated that [6]-gingerol significantly up-
regulated p-AMPKα and down-regulated p-AKT, p-mTOR,
and p-p70S6K expression in oral cancer cells. This indicates
that [6]-gingerol inhibits oral cancer cell growth by activating
AMPK and inhibiting the AKT/mTOR signaling pathway.

Apoptosis is the natural mechanism of programmed cell
death; it is a particularly critical process in long-lived
mammals (39). Apoptosis is also one of the mechanisms of
cancer prevention (40). We found that [6]-gingerol increased
expression of cleaved caspase-3, cleaved PARP, and
decreased the expression of Bcl-2 and survivin in oral cancer

cells, indicating that [6]-gingerol induced oral cancer cell
apoptosis via the mitochondria-dependent pathway. Cell
cycle deregulation is one of the characteristics of cancer
cells. CDK/Cyclins have crucial roles in the regulation of
cell cycle progression (41). Cyclin B1 is a regulatory protein
involved in mitosis, playing an important role in the G2 to
M phase transition. Over-expression of cyclin B1 causes the
uncontrolled growth of cancer cells by binding to its partner
Cdks (42). Cyclin A/CDK2 also regulates the G2/M phase
transition, as it controls mitosis entry-time through activation
of cyclin B/CDK1 (43, 44). Cell division cycle 25C
(Cdc25c) is a dual-specific phosphatase that activates the
cyclin B1/CDK1 complex promoting G2/M progression (45).
We found that [6]-gingerol inhibits oral cancer cell growth
by inducing G2/M phase cell cycle arrest through down-
regulating cyclin B1, cyclin A1, CDK2, and Cdc25C.

EMT is one of the major factors contributing to the
metastasis of cancer cells and drug resistance (46). EMT is
characterized by the activation of vimentin, N-cadherin,
snai1, slug, and fibronectin and the down-regulation of the
epithelial markers E-cadherin and desmoplakin (23). In this
study, we explored the effect of [6]-gingerol on the oral
cancer cell migration and invasion ability. We found that [6]-
gingerol significantly inhibited the migration and invasion
ability of oral cancer cells. Moreover, [6]-gingerol down-
regulated vimentin and N-cadherin and up-regulated E-
cadherin. These results indicate that [6]-gingerol suppresses
EMT process in oral cancer cells, which may play a role in
cancer progression prevention.
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Figure 5. [6]-Gingerol activates AMPK and suppresses the AKT/mTOR signaling pathway in oral cancer cells. (A) Protein expression of p-AMPK,
AMPK, p-AKT, AKT, p-mTOR, mTOR, p-p70S6K, and p70S6K as determined by western blotting. (B) Potential mechanism of [6]-gingerol inhibition
of oral cancer cell growth.



Taken together, our results suggest that [6]-gingerol
significantly inhibits oral cancer cell proliferation, migration,
and invasion and induces apoptosis and cell cycle G2/M
phase arrest. [6]-Gingerol inhibits oral cancer cell growth by
inducing the activation of AMPK and suppressing the
AKT/mTOR signaling pathway. These findings highlight the
potential of [6]-gingerol as a therapeutic agent for the
treatment of oral cancer.
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