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Abstract. Ginkgol C17:1 is a bioactive compound derived from
Ginkgo biloba. In the present study, the effect and possible
mechanisms of action of Ginkgol C17:1 on the biological
behaviors of tumor cells were investigated. Whilst cell prolif-
eration was assessed using the MTT assay, the behaviors of
cell migration and invasion were explored using Transwell and
modified Transwell assays. The results revealed that Ginkgol
C17:1 significantly inhibited the proliferation, migration and
invasion of human tumor cells in a dose-dependent manner.
Furthermore, due to their associations with the biological
behaviors of tumor cells, the protein expression of matrix
metalloproteinase (MMP)-7, Ras homolog gene family,
member A (RhoA) and phosphorylated-protein kinase B (Akt)
was analyzed by western blotting. The results showed that
the expression of the aforementioned proteins was decreased
markedly following Ginkgol C17:1 treatment. The results of
the present study suggested that Ginkgol C17:1 suppresses
the biological behaviors of tumor cells by inhibiting the
activation of the mitogen-activated protein kinase/MMP,
Rho/Rho-associated protein kinase and phosphatidylinositol
3-kinase/Akt signaling pathways.

Introduction

Conventional treatments for the clinical management of cancer
include surgery, chemotherapy and radiotherapy. The majority
of patients with high-stage cancer or who have undergone
tumor surgery require chemotherapy. However, some patients
cannot tolerate the treatment or exhibit drug resistance, and
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the efficacy of systemic chemotherapy remains unsatisfac-
tory (1). Only 60-70% of malignant tumors can be treated with
radiotherapy, and certain patients with recurrent or metastatic
disease only qualify for palliative treatment due to tolerance
to other treatments, complications and/or malignant tumor
metastasis (2,3). Other treatment options include immuno-
therapy and traditional Chinese medicine, including Ginkgol
C17:1.

Ginkgols are the active compounds with an anticancer
effect from Ginkgo biloba. Three different classes of alkylphe-
nols, including Ginkgolic acids, ginkgols and bilobols (Fig. 1),
occur in various parts of Ginkgo biloba. Ginkgols are also
termed 3-alkylphenols or cardanols, and their alkyl side chains
vary between 13 and 17 carbons in length with 0-2 double
bonds (4). Ginkgols have been reported to exhibit a wide
range of pharmacological effects, including antibacterial (5,6),
antifeeding (7), antioxidant (8) and anti-apoptotic activities, on
tumor cells in vitro (9).

Ginkgols are composed of four homolog monomers with
different alkyl side chains: C13:0, C15:0, C15:1 and C17:1 (10).
Among the ginkgol monomers, Ginkgol C17:1 has been shown
to exert the strongest inhibitory effect on cell viability in a
number of human cancer cells (9,11).

Ginkgol C17:1 was isolated, purified and identified by the
authors of the present study. Considering the results from our
previous studies (9,12), the present study aimed to systemati-
cally investigate the proliferation, migration and invasion of
tumor cells following treatment with various concentrations
of Ginkgol C17:1. Furthermore, the present study explored the
possible mechanisms of the signaling pathways underlying the
effects of Ginkgol C17:1.

Materials and methods

Cancer cell lines and culture. Human hepatoma carcinoma
HepG2 and human colon epithelial carcinoma SW480
cells were obtained from the Institution of Cell Biology of
the Chinese Academy of Sciences (Shanghai, China) and
cryopreserved at the School of Medicine, Jiangsu University
(Zhenjiang, China). The HepG2 and SW480 cells were main-
tained in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) (both from
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
at 37°C in a humidified atmosphere containing 5% CO,. The
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Figure 1. Alkyl-phenol compounds in Ginkgo biloba. (A) ginkgolic acid, (B) ginkgol and (C) cardol/bilobol.

medium was changed every 2 days and the cells were main-
tained at subconfluence.

Reagents. Trypsin-EDTA solution was purchased from Gibco;
Thermo Fisher Scientific, Inc. The horseradish peroxidase
(HP)-conjugated secondary antibodies, goat anti-mouse
polyclonal IgG (cat. no. A0216; dilution, 1:10,000) and goat
anti-rabbit polyclonal IgG (cat. no. A0208; dilution, 1:10,000)
were purchased from Beyotime Institute of Biotechnology
(Haimen, China). The enhanced chemiluminescence (ECL)
reagents were bought from GE Healthcare Life Sciences
(Chalfont, UK). MTT was purchased from Sigma-Aldrich
(Merck Millipore, Darmstadt, Germany). Mouse monoclonal
immunoglobulin G (IgG) anti-as homolog gene family,
member A (RhoA; cat. no. sc-418; dilution, 1:1,000) and 3-actin
antibody (cat. no. sc-47778; dilution, 1:1,000) were purchased
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).
Polyclonal rat anti-rabbit matrix metalloproteinase (MMP)-7
antibody (cat. no. S247; dilution, 1:1,000) was purchased from
Bioworld Technology, Inc. (St. Louis Park, MN, USA). Rabbit
polyclonal antibodies against protein kinase B (Akt; cat.
no. IM001-0359; dilution, 1:1,000) and phosphorylated (p)-Akt
(cat. no. IM001-0270; dilution, 1:1,000) were purchased from
ExCel Biology Co., Ltd. (Shanghai, China). Ginkgol C17:1
(high performance liquid chromatography (HPLC) purity of
>96.5%) was donated by the School of Food and Biological
Engineering, Jiangsu University (7).

MTT assay. The cells were pooled and diluted to a cell density
of 105 cells/ml, then dispensed into a 96-well plate to a final
volume of 100 ul per well. Following incubation for 12 h at
37°C in 5% CO,, the cells were treated with various concentra-
tions (5, 10, 20, 40 or 80 ug/ml) of Ginkgol C17:1in the same
final volume of 100 ul per well for an extended incubation of
24 h at 37°C. A total of 10 ul MTT solution (5 mg/ml) was
then added to each well and incubated for another 4 h at 37°C.
Subsequent to the removal of the growth medium, 100 ul
dimethyl sulfoxide (DMSO) was added and mixed thoroughly.
The absorbance was measured at an optical density of 490 nm
using a microplate reader (Bio-ad Laboratories, Inc., Hercules,
CA, USA). Positive (DMEM and 1% DMSO) and negative
controls (DMEM alone) were included in all assays.

Migration assay. A cell migration assay was performed using
a Transwell Boyden chamber, with 8.0-um polyethylene
terephthalate (PET) membrane 24-well cell culture inserts

(Corning Incorporated, Corning, NY, USA). In total, 500 pul
DMEM containing 10% FBS was added to the bottom
chamber. Exponential phase HepG2 or SW480 cells were
collected, and 5x10* cells were seeded into the upper chamber
in 300 ul serum-free medium containing various concentra-
tions (20, 40 or 80 ug/ml) of Ginkgol C17:1. The cells were
allowed to migrate through the PET membrane to the bottom
chamber. Following a 24-h incubation at 37°C in 5% CO,,
the cells that had not migrated were removed from the upper
chamber using cotton swabs, and the cells that had migrated
to the lower side of the membrane were fixed in 4% para-
formaldehyde and stained with Giemsa solution for 10 min.
The level of migration was determined by counting the cell
numbers under a light microscope at a magnification of x200.
The migrated cells were counted in 5 randomly selected
fields per insert, and the mean values were calculated. All
experiments were performed in triplicate for each migration
condition.

In vitro invasion assay. For the peridium basement membrane
preparation, 5 mg/ml Matrigel (Corning Matrigel basement
membrane matrix; cat. no. 356234; Corning Incorporated)
was thawed at 4°C, kept on ice and diluted in cold serum-free
DMEM to a final concentration of 1 mg/ml using pre-cooled
pipette tips. A total of 50 pl diluted Matrigel was then added
to the upper chamber of each pre-cooled Transwell insert. The
wells without lids were maintained at 37°C for ~2 h until the
Matrigel dried completely. Subsequently, for the hydration
basement membrane preparation, gelled Matrigel was gently
washed with warm serum-free culture medium, after which
50 pl serum-free DMEM medium was added to the Transwell
insert. The hydration basement membrane was left at 37°C for
30 min. Finally, the assay protocol was the same as described
for the cell migration assay.

Western blotting. HepG2 and SW480 cells were cultured
with 20, 40 or 80 ug/ml Ginkgol C17:1 for 24 h, reached a
confluency of ~80% in the 6-well plates, they were lysed in
lysis buffer (50 mM Tris, 150 mM NaCl, 1 mM EDTA and 1%
Triton X-100; pH 7.4), washed three times with cold PBS and
treated with 1 mM phenylmethylsulfonyl fluoride (Shanghai
Bogoo Biotechnology Co., Ltd., Shanghai, China) for 30 min
on the ice. Following transfer into an Eppendorf tube (Corning
Incorporated), centrifugation at 12,000 x g was performed for
5 min at 4°C. Finally, the supernatant was taken as the whole
cell protein extract.
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Figure 2. Ginkgol C17:1 reduces tumor cell viability. (A) HepG2 or (B) SW480 cells were treated with dimethyl sulfoxide alone (control) or with 5, 10, 20, 40 or
80 pg/ml Ginkgol C17:1 for 24 h. Cell viability was detected using the MTT assay. Ginkgol C17:1 reduced the cell viability compared with the control group.
Data are presented as the mean + standard deviation of three independent experiments. “P<0.05, “P<0.01 vs. the control cells.

The sample proteins were run on 10.0 or 12.5% SDS
polyacrylamide gels, and were transferred onto polyvinylidene
difluoride (PVDF) membranes (Bio-Rad Laboratories, Inc.,
USA). The PVDF membranes were initially blocked with
5% milk in TBS-T (80 g/l NaCl, 2 g/l KCl, 30 g/1 Tris and
0.1% Tween-20; pH 7.4) for 1 h at room temperature. The
membranes were then incubated with the primary antibodies
at 4°C overnight. Following subsequent incubation of the
membranes with HP-conjugated secondary antibodies for
1 h at room temperature, the ECL reagents were applied to
reveal the positive bands on the membrane, according to the
protocol of the manufacturer. The bands were detected using
the Typhoon 9400 imager (GE Healthcare Life Sciences,
Piscataway, NJ, USA).

Statistical analysis. Data are expressed as the mean + stan-
dard deviation. Statistical analysis was performed with the
Student's #-test in SPSS 16.0 software (SPSS, Inc., Chicago,
IL, USA). An independent samples #-test was used to compare
the relative cell numbers in the viability, migration and inva-
sion assays. P<0.05 was considered to indicate a statistically
significant difference.

Results

Ginkgol Cl17:1 reduces the viability of tumor cells. The
HepG?2 (Fig. 2A) and SW480 (Fig. 2B) cells were treated with

Ginkgol C17:1 for 24 h at concentrations of 5, 10, 20, 40 or
80 ug/ml. Cell viability was detected using the MTT assay.
The results revealed that the concentrations of Ginkgol C17:1
exhibited a dose-dependent inhibitory effect on the viability of
the cancerous cell lines.

Ginkgol C17:1 suppresses the migration of tumor cells. The
effect of Ginkgol C17:1 on the migration of HepG2 (Fig. 3A)
and SW480 (Fig. 3B) cells was evaluated using a Transwell
Boyden chamber. The cellular migration was induced using
10% FBS as a chemotactic factor to increase the basal migra-
tion of tumor cells in the control group. Treatment of the cells
with 20, 40 or 80 pug/ml Ginkgol C17:1 for 24 h exhibited a
dose-dependent inhibitory effect on cell migration.

Ginkgol C17:1 suppresses the invasion of tumor cells. The effect
of Ginkgol C17:1 on tumor cell invasion was examined using
a Matrigel invasion assay with a modified Transwell Boyden
chamber. Subsequent to treatment with various concentration
of Ginkgol C17:1 for 24 h, the number of HepG2 (Fig. 4A) and
SW480 (Fig. 4B) cells that passed through the Matrigel base-
ment membrane matrix was markedly lower compared with the
control group, and Ginkgol C17:1 exhibited a dose-dependent
inhibitory effect on cancer cell invasion.

Ginkgol CI17:1 effects the protein expression of several
signaling pathway components. Several signaling pathways,
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Figure 3. Ginkgol C17:1 inhibits cancer cell migration. The migration of (A) HepG2 and (B) SW480 cells was detected using the Transwell assay. Migrated
cells were examined under a light microscope (magnification, x200) following treatment with dimethyl sulfoxide alone (control) or various concentrations
of Ginkgol C17:1 for 24 h. Data are presented as the mean * standard deviation from three independent experiments, each performed in duplicate. "P<0.05,

“P<0.01 vs. the control cells.

including the mitogen-activated protein kinase/extra cellular
signal-regulated kinase (EK), reactive oxygen species/EK and
phosphatidylinositol 3-kinase (PI3K)/Akt pathways have been
reported to be involved in the invasion, metastasis and prog-
nosis of cancer (13,14). However, it remains unknown whether
these pathways contribute to the anticancer effects of Ginkgol
CI17:1. In the present study, the expressions of MMP-7, RhoA,
Akt and p-Akt were analyzed by western blotting. Following
treatment of HepG2 (Fig. 5A) and SW480 cells (Fig. 5B) with
various concentration of Ginkgol C17:1 for 24 h, the total
amount of Akt remained the same, while the protein expres-
sions of MMP-7, RhoA and p-Akt were markedly decreased.

Discussion

Ginkgo biloba L. is the only surviving member of the plant
order Ginkgoales and serves as one of the oldest living seed

plant groups of medicinal, spiritual and horticultural impor-
tance worldwide (15). Studies investigating the antitumor
characteristics of ginkgo alkylphenols have focused on ginkgo
acids (GAs). Liu and Zeng (16) found that HepG2 cells were
more sensitive to the cytotoxicity of GAs than primary rat
hepatocytes. GAs significantly inhibited the growth of Hep-2
cells, arrested cells at the GO/G1 phase, decreased the level
of B-cell lymphoma 2 (Bcl-2)/Bcl-2-like protein 4 (Bax) (17)
and induced the apoptosis of pituitary gland tumor cells by
increasing the radiosensitivity of the cells (18).

However, GAs are not stable, but are easily decarboxyl-
ated to form ginkgols subsequent to exposure to heat and
acid or base catalysis. The Ginkgol C17:1 monomer can be
isolated and the structure of the monomer has been confirmed
by HPLC-diode array detection, gas chromatography-mass
spectrometry, proton nuclear magnetic resonance (NM) and
carbon-13-NM analysis (9). Our previous study revealed that
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Figure 4. Ginkgol C17:1 inhibits cancer cell invasion. The invasion of (A) HepG2 and (B) SW480 cells was detected using peridium Matrigel on the bottom
of Transwell Boyden chambers following treatment with dimethyl sulfoxide alone (control) or various concentrations of Ginkgol C17:1 for 24 h. Invaded cells
were examined under a light microscope (magnification, x200). Data are presented as the mean + standard deviation of three independent experiments, each
performed in duplicate. “P<0.05, “P<0.01 vs. the control cells.
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Figure 5. Ginkgol C17:1 affects the protein levels of MMP-7, RhoA and p-Akt in cancer cells. Subsequent to the treatment of (A) HepG2 and (B) SW480
cells with 20, 40 or 80 ug/ml Ginkgol C17:1 for 24 h, whole cell extracts were prepared for the detection of the protein levels of MMP-7, RhoA, Akt and
p-Akt by western blotting. B-actin expression served as a loading control. MMP, matrix metalloproteinase; RhoA, ras homolog gene family, member A; p,
phosphorylated; Akt, protein kinase B.



1878

Ginkgol C17:1 exhibited stronger thermal stability compared
with GAs and exerted stronger anticancer effects compared
with the monomers of Ginkgol and GAs, with respect to the
apoptosis of tumor cells (9).

In the present study, the effects of Ginkgol C17:1 on the
biological behaviors of human tumor cells were systemati-
cally investigated, in terms of cell proliferation, migration and
invasion. Consistent with a previous study using other cancer
cells (9), the present study found a dose-dependent inhibition
of cell proliferation in human hepatoma carcinoma HepG2
cells and colon cancer SW480 cells. In addition, the results of
the present study revealed that Ginkgol C17:1 inhibited the cell
migration and invasion capabilities of HepG2 and SW480 cells
in a dose-dependent manner.

The protein expressions of RhoA, MMP-7, Akt, and p-Akt
were analyzed by western blotting to investigate the under-
lying mechanisms of the inhibitory effects of Ginkgol C17.1
on cancer cells. The results revealed that, subsequent to a 24 h
treatment with Ginkgol C17:1, the expressions of RhoA and
MMP-7 proteins were markedly reduced. Although the total
amount of Akt protein remained unchanged, the expression of
p-Akt was markedly decreased.

RhoA activation is associated with invasive growth and
metastasis. The best known effector of RhoA is Rho kinase
(ROCK), which appears to serve a key role in regulating the
force and velocity of actomyosin crossbridging in smooth
muscle and non-muscle cells by inhibiting the myosin phos-
phatase-mediated dephosphorylation of the regulatory chain
of myosin II (19). The inhibition of RhoA reduces the level
of tumor cell invasion and metastasis, and these effects may
be mediated by the RhoA target protein ROCK (20). Since
RhoA protein expression decreased subsequent to Ginkgol
CI17:1 treatment, the present study hypothesized that Ginkgol
C17:1 suppresses the development and growth of tumors by
inhibiting the RhoA/ROCK pathway.

MMP-7 is associated with invasive tumor growth and
distant metastasis in several types of cancer (21). Although
MMP-7 is rarely expressed in normal tissues, the level of
expression rises during the malignant transformation of
tumors, inflammatory diseases (22) and epithelial-mesen-
chymal transition (23); thus serving an important role in
the process of malignancy (24). MMP-7 markedly enhances
chondrosarcoma cell motility and invasion due to its upregu-
lation in response to stress exposure, which may promote
lung colonization of chondrosarcomas in vivo (25). MMP-7
was also found to be an indicator of poor survival and a high
recurrence rate in patients with colorectal cancer (26). In the
present study, the marked decrease in the level of MMP-7
following Ginkgol C17:1 treatment confirmed that Ginkgol
C17:1 inhibits the migration and invasion of tumor cells by
inhibiting MMP-7.

The PI3K/Akt signaling pathway has been found to serve
an important role in the survival, proliferation and apoptosis
of tumor cells (27,28). p-Akt-positive expression is signifi-
cantly associated with distant metastasis and unfavorable
prognosis (29,30). While the protein expression of total Akt in
cancer cells did not change following treatment with Ginkgol
Cl17:1 in the present study, the level of p-Akt was markedly
decreased, confirming the inhibitory effect of Ginkgol C17:1
on the activation of the PI3K/Akt signaling pathway.

LI et al: GINKGOL C17:1 AFFECTS THE BEHAVIOR OF TUMOR CELLS

In conclusion, the present study investigated the inhibitory
effect of Ginkgol C17:1 on cancer cell proliferation and migra-
tion and revealed that Ginkgol C17:1 inhibited the invasion
capacity of hepatocellular and colon cancer cells. The under-
lying mechanisms for the suppression of tumor biological
behaviors may be associated with the reduced activities of
the RhoA/ROCK, MMP-7 and PI3K/Akt pathways. These
results indicate that Ginkgol C17:1 maybe a novel candidate
for cancer therapy. Additional investigation is required, for
example, to understand the interaction of Ginkgol C17:1 with
the cancer cells and the subsequent cascade with respect to
altered cancer biology.
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