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Ginkgetin exerts growth inhibitory and apoptotic effects
on osteosarcoma cells through inhibition
of STAT3 and activation of caspase-3/9
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Abstract. Osteosarcoma is composed of tumor osteoblasts
and bone-like tissues, with malignant tumors originating from
osteogenesis organization. Osteosarcoma is a primary malig-
nant bone tumor. Invasion and metastasis of osteosarcoma
affect the prognosis of patients. However, effective therapeutic
treatments remain to be identified. The aim of the present study
was to investigate the possible inhibitory and apoptotic effects
of ginkgetin in osteosarcoma cells. 3.3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) and lactate
dehydrogenase (LDH) assays were used to determine the
effect ginkgetin exerted on the growth of osteosarcoma
cells. Flow cytometry was used to determine cell apoptosis.
STAT?3 protein expression and activation of caspase-3/9 were
measured using western blot analysis and the MTT and LDH
assays, respectively. The results showed that ginkgetin inhib-
ited cell growth and induced cell cytotoxicity in osteosarcoma
cells in a dose-dependent manner. Treatment with ginkgetin
significantly activated the apoptosis of osteosarcoma cells in
a concentration-dependent manner. The anticancer activity
of ginkgetin significantly inhibited STAT3 and promoted
caspase-3/9 activation in osteosarcoma cells. The findings
demonstrated that ginkgetin exerts growth inhibitory and
apoptotic effects on osteosarcoma cells through the inhibition
of STAT3 and activation of caspase-3/9.

Introduction

Osteosarcoma comprises tumor osteoblasts and bone-like
tissue, with malignant tumors originating for osteogenesis
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organization. Osteosarcoma is a primary malignant bone
tumor (1). The disease is characterized by a high degree of
tumor malignancy and poor prognosis, while the 3- to 5-year
survival rate after amputation is only 5-20% (1). Advances in
treatment such as chemotherapy and surgery have improved
the patient survival rate. However, even with combinatorial
treatment comprising chemotherapy and surgery, the 5-year
survival rate remains at 55-68% (2). Metastatic spread is the
main cause for the poor prognosis of osteosarcoma. However,
transfer therapies currently available are not satisfactory.
Additionally, the side effects of systemic chemotherapy cause
damage to internal organs of the human body (3,4). Invasion
and metastasis of osteosarcoma seriously affect the quality of
life and prognosis of patients. Gene therapy remains a hotspot
in the study of osteosarcoma, while the specific mechanism
involved remains to be determined. Gene therapy continues
to be considered an effective form of treatment for osteosar-
coma (5).

Ginkgo biloba is the only species in the Ginkgo genus of
the family of ginkgoaceae, and comprises the components
ginkgolides and bilobalide, which are present in the leaf and
velamen of the plant (6). Ginkgetin is a biflavone isolated from
the ginkgo biloba leaves (7) and its effects on cyclooxygenase
and anti-inflammatory activity in the body have been previ-
ously investigated (8). Ginkgetin exerts anti-inflammatory,
antioxidant, as well as anticancer effects (6,8.,9). Thus, in the
present study, the possible inhibitory and apoptotic effects
of ginkgetin in osteosarcoma cells, as well as the underlying
mechanisms involved were investigated.

Materials and methods

Chemical reagents. Dulbecco's modified Eagle's medium/
Ham's F-12 medium (DMEM/F-12) and fetal bovine serum
(FBS) were obtained from Invitrogen (Grand Island, NY,
USA). Trypsin, 3.3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) and lactate dehydrogenase (LDH)
were obtained from the Beyotime Institute of Biotechnology
(Haimen, Jiangsu, China). The Annexin V-FITC/propidium
iodide (PI) kit was obtained from BD Biosciences (San Jose,
CA, USA).
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Cell culture and cell proliferation assay. The present study
was approved by the regional Ethics Committee of the
Affiliated Dongfeng Hospital, Hubei University of Medicine
(Hubei, China). Written informed consent was obtained from
all the patients. Giant cell tumor samples were collected from
patients at the Affiliated Dongfeng Hospital, Hubei University
of Medicine. The samples were separated and sectioned in
medium containing DMEM/F-12, supplemented with 10%
FBS and 100 U/ml penicillin and 100 mg/ml streptomycin.
The giant cell tumor samples were digested with 0.01% trypsin
(Beyotime Institute of Biotechnology) at room temperature for
10-30 min. The samples were transferred into 25-cm? flasks,
and the cell samples were incubated at 37°C in a water-satu-
rated atmosphere of 95% air and 5% CO,. The culture medium
was replaced half with fresh complete medium every 2 days.
Primary cultures were subcultured and stored in liquid
nitrogen at 37°C in a water-saturated atmosphere of 95% air
and 5% CO,until cell confluence was reached.

MTT assay. To determine cell growth, osteosarcoma cells
were seeded in a 96-well plate (1x10? cells/well) and cultured
with ginkgetin (0, 5, 10, 20, 30, 40, 50 and 60 uM) for 24 h
at room temperature of 37°C in a humidified atmosphere of
5% CO,. MTT solution (20 ul) was added to each well and
the samples were incubated for 4 h at a temperature of 37°C
in a humidified atmosphere of 5% CO,. Dimethylsulfoxide
(DMSO) solution ) 150 ul) was added to each well followed
by gentle agitation for 20 min. The cell growth of each well
was measured at A=570 nm using a multiscanner (XL-818;
Bio-Tek, Winooski, VT, USA).

LDH assay. To determine cytotoxicity, osteosarcoma cells
were seeded in a 96-well plate (1x10? cells/well) and cultured
with ginkgetin (0, 5, 10, 20, 30, 40, 50 and 60 uM) for 24 h
at a room temperature of 37°C in a humidified atmosphere of
5% CO,. LDH solution (100 ul) was added into each well and
incubated for 30 min at a temperature of 37°C in a humidi-
fied atmosphere of 5% CO,. The cell growth of each well was
measured at A=490 nm using a multiscanner (XL-818).

Flow cytometry. To determine cell apoptosis, osteosarcoma
cells were seeded in a 6-well plate (1.5x10° cells/well) and
cultured with ginkgetin (0, 20, 30 and 40 xM) for 24 h at a
room temperature of 37°C in a humidified atmosphere of 5%
CO,. Annexin-V/FITC (10 ul) and 10 ul of PI were added into
each well and incubated for 30 min in the dark. Cell apoptosis
was detected using flow cytometry (EPICS® Altra™, Brea,
CA, USA).

Western blot analysis. Osteosarcoma cells were seeded in a
6-well plate (1.5x10° cells/well) and cultured with ginkgetin
(0,20, 30 and 40 M) for 24 h at a room temperature of 37°C
in a humidified atmosphere of 5% CO,. The osteosarcoma
cells were resuspended using lysis buffer containing RIPA
lysis buffer (Beyotime Institute of Biotechnology) for 30 min
on ice. The protein concentration was determined with
Coomassie blue staining. Protein sample (20 ug) was used
to load the sodium dodecyl sulfate (SDS)-polyacrylamide
gel and the samples were transferred onto a cellulose nitrate
film (Hybond™-C; Amersham Biosciences, Piscataway,

1035

Figure 1. The chemical structure of ginkgetin.

NJ, USA). The cellulose nitrate film was blocked with tris-
buffered saline (TBS) containing 5% non-fat milk to block
non-specific binding sites. The cellulose nitrate film was incu-
bated with anti-p-STAT3 (phosphorylation-STAT?3, 1:1,000),
anti-Bcl-2 (1:2,000), anti-Bcl-xL (1:1,000), anti-cyclin D1
(1:1,000), anti-survivin (1:1,500), anti-total PARP (1:2,000)
(all from Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA) and anti-f-actin (1:500; Sangon Biotech, Shanghai,
China) overnight at 4°C. The cellulose nitrate film was washed
three times with 0.1% (v/v) Tween-20 in tris-buffered saline
(TTBS) and incubated with the secondary antibody (1:5,000;
Santa Cruz Biotechnology, Inc.). The film was subsequently
washed using an ECL Advanced Western Blot Detection kit
(Beyotime Biotech, Nanjing, China). The resultant bands were
detected using the gel imaging system (GDS8000; Ultra Violet
Products, Upland, CA, USA).

Caspase-3/9 activation. Osteosarcoma cells were seeded in a
6-well plate (1.5x10° cells/well) and cultured with ginkgetin
(0, 20, 30 and 40 M) for 24 h at a room temperature of
37°C in a humidified atmosphere of 5% CO,. Osteosarcoma
cells were resuspended using lysis buffer containing RIPA
lysis buffer for 30 min on ice. The protein concentration was
determined with Coomassie blue staining. The caspase-3/9
activation was visualized using fluorescence and was detected
at the wavelength of 405 nm with the caspase-3 and -9 colori-
metric assay kits (Beyotime Institute of Biotechnology).

Statistical analysis. Data were presented as means + SD and
the degree of significance was analyzed by the Student's t-test.
Differences were considered to indicate a statistically signifi-
cant result at P=0.05.

Results

Inhibitory growth effect of ginkgetin in osteosarcoma cells.
To identify the growth inhibitory effect of ginkgetin in osteo-
sarcoma cells, the cell growth was measured using an MTT
assay. The structure of ginkgetin is shown in Fig. 1. Ginkgetin
was identified as exerting a potential anticancer effect on
osteosarcoma cells by inhibiting the growth of osteosarcoma
cells in a dose-dependent manner. Thus, 35.5 yM of ginkgetin
exerted a 50% inhibitory cell growth effect on osteosarcoma
cells (Fig. 2).
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Figure 2. Growth inhibitory effect of ginkgetin in osteosarcoma cells.
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Figure 3. Growth inhibitory effect of ginkgetin results in an increase in the
cytotoxicity of osteosarcoma cells.
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Figure 4. Apoptotic effect of ginkgetin in osteosarcoma cells. “P<0.01
compared to the O uM ginkgetin-treated group.

Growth inhibitory effect of ginkgetin results in an increase
in the cytotoxicity of osteosarcoma cells. We examined
whether the growth inhibitory effects of ginkgetin increased
the cytotoxicity of osteosarcoma cells. As shown in Fig. 3,
ginkgetin effectively induced the cytotoxicity of osteosarcoma
cells in a dose-dependent manner. Thus, 41.2 uM of ginkgetin
resulted in a 50% increase of cytotoxicity of osteosarcoma
cells, compared to the 0 uM ginkgetin-treated group.

Apoptotic effect of ginkgetin on osteosarcoma cells. To
examine the apoptotic effect of ginkgetin on osteosarcoma
cells, flow cytometry was used to analyze the apoptosis of
osteosarcoma cells. Osteosarcoma cells were treated with
ginkgetin at 0, 20, 30 and 40 uM. The results showed that
ginkgetin markedly induced the apoptosis of osteosarcoma
cells in a concentration-dependent manner, suggesting 30 or
40 uM of ginkgetin induced apoptosis of osteosarcoma cells,
and the result was statistically significant (Fig. 4).
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Figure 5. Growth inhibitory effect of ginkgetin suppresses STAT3 protein
expression. (A) Western blot analysis and (B) statistical analysis of the
STAT3 protein expression of osteosarcoma cells. “P<0.01 compared to the

0 M ginkgetin-treated group.
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Figure 6. Inhibitory effect of ginkgetin induces the caspase-3/9 activa-
tion of osteosarcoma cells. Effects of ginkgetin induce (A) caspase-3 and
(B) caspase-9 activation of osteosarcoma cells. ““P<0.01 compared to the
0 M ginkgetin-treated group.

Inhibitory growth effect suppresses STAT3 of osteosarcoma
cells. As shown in Fig. 5A and B, pretreatment with ginkgetin
markedly suppressed the p-STAT3 protein expression of osteo-
sarcoma cells in a dose-dependent manner. Thus, 30 or 40 xM
of ginkgetin suppressed the p-STAT3 protein expression in
osteosarcoma cells, and the result was statistically significant.

Inhibitory effect of ginkgetin induces caspase-3/9 activation
of osteosarcoma cells. To confirm the effect of the caspase-
3/9 pathway on the inhibition of ginkgetin on osteosarcoma
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Figure 7. Growth inhibitory effect of ginkgetin suppresses Bcl-2 and Bcl-xL of osteosarcoma cells. Effects of ginkgetin on the protein expression of Bcl-2
and Bcl-xL were assessed using (A and C) western blot analysis and (B and D) statistical analysis for osteosarcoma cells. “P<0.01 compared to the 0 uM

ginkgetin-treated group.
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Figure 8. Growth inhibitory effect of ginkgetin suppresses cyclin D1 in osteosarcoma cells. Effects of ginkgetin on cyclin D1 protein expression were assessed
using (A) western blot analysis and (B) statistical analysis for osteosarcoma cells. “P<0.01 compared to the O uM ginkgetin-treated group.

cells, osteosarcoma cells were treated with ginkgetin and the
activation of caspase-3/9 was measured. The results showed a
marked increase in the activation of caspase-3 and -9 of osteo-
sarcoma cells treated with ginkgetin (30 or 40 uM, Fig. 6).

Growth inhibitory effect of ginkgetin suppresses Bcl-2 and
Bcl-xL in osteosarcoma cells. Regulatory proteins such as
Bcl-2 and Bcl-xL, are involved in the apoptotic signaling
pathway (10). Fig. 7A and C shows the suppression of the two
proteins following treatment with ginkgetin. Fig. 7B and D
shows that 30 or 40 M of ginkgetin markedly reduced the
protein expression of Bcl-2 and Bcl-xL in osteosarcoma cells
in a dose-dependent manner.

Growth inhibitory effect of ginkgetin suppresses cyclin D1
in osteosarcoma cells. Induced apoptotic regulatory protein
cyclin DI was assessed using western blot analysis (Fig. 8A).
Treatment with ginkgetin (30 or 40 xM) markedly reduced the
protein expression of cyclin D1 of osteosarcoma cells (Fig. 8B).

Growth inhibitory effect of ginkgetin suppresses survivin in
osteosarcoma cells. We also measured the induced apoptotic
regulatory protein survivin, using western blot analysis. The
expression of survivin protein was suppressed by treatment
with 30 or 40 M of ginkgetin in osteosarcoma cells (Fig. 9).

Growth inhibitory effect of ginkgetin suppresses total PARP
of osteosarcoma cells. To assess whether the growth inhibitory
effect of ginkgetin suppressed total PARP in osteosarcoma
cells, total PARP protein expression was measured using
western blot analysis. The results revealed that the total PARP
protein expression was significantly suppressed following the
treament of ginkgetin at 30 or 40 yM in osteosarcoma cells
(Fig. 10).

Discussion

Osteogenesis is one of the most common malignant osseous
tumors. Osteogenesis is characterized by tumor cells that
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Figure 9. Anticancer effects of ginkgetin inhibit the growth of survivin of osteosarcoma cells. Anticancer effects of ginkgetin inhibits the growth of survivin
protein expression using western blot analysis (A) and statistical analysis of survivin protein expression (B) of osteosarcoma cells. “P<0.01 compared with

0 uM of ginkgetin-treated group.
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Figure 10. Anticancer effects of ginkgetin inhibits the growth of total PARP of osteosarcoma cells. Anticancer effects of ginkgetin inhibits the growth of total
PARP protein expression using (A) western blot analysis and (B) statistical analysis of total PARP protein expression of osteosarcoma cells. “P<0.01 compared

with 0 M of ginkgetin-treated group.

produce osteoid matrix, which is produced directly by the
sarcoma of osteoblasts, bone tissue and new bone, and is simul-
taneously combined with osteogenesis and bone destruction in
different proportions, resulting in osteogenesis and osteolysis
types often occurring in lung metastasis (1). Osteosarcoma
is highly malignant and has a poor prognosis, and even with
surgical treatment combined with chemotherapy, the 5-year
survival rate is only 55-68% (11). The main reason for the
poor prognosis is early metastatic spread of osteosarcoma.
However, current anti-metastatic therapy remains unsatisfac-
tory, with side-effects of systemic chemotherapy causing
damage to internal organs of the human body. Additionally,
surgical treatment is usually considered unacceptable by
patients due to potential loss of limb (12). Therefore, identifi-
cation of treatment for osteosarcoma is imperative. You et al
have identified that ginkgetin induces the apoptosis of PC-3
prostate cancer cells through the activation of caspase (10).
In the present study, 30 or 40 uM of ginkgetin inhibited cell
growth, increased cytotoxicity and induced the cell apoptosis
of osteosarcoma cells. Thus, a new potential anticancer effect
of ginkgetin has been identified involving the inhibition of
cell growth and induction of apoptosis of osteosarcoma cells.
However, the mechanisms underlying its anticancer activities
remain to be elucidated.

SATA3 is a key signal transduction and transcriptional
activation protein found in the body. The STAT3 coding gene in
human is located in chromosome 12 (13). The STAT3 signaling
pathway is a signal transduction system that is transduced
from the membrane to the nucleus, through the activation of

the receptor tyrosine kinase STAT3 target genes (14). STAT3
is mainly stimulated through tyrosine phosphorylation, trig-
gering the activation of STAT3 receptor, thereby forming
the cytoplasm of homologous or heterologous dimers (14).
The STAT3 dimer enters the nucleus, and combines to the
specific gene promoter, thereby inducing gene expression (15).
In normal tissue cells, the expression of STAT3 is rapid and
short, while in a variety of malignant tumors, such as liver
cancer, gastric cancer, lung cancer, head and neck squamous
cell carcinoma, breast and prostate cancer, STAT3 expression
is characterized by persistent activation and a high expression.
Additionally, its expression level is closely associated with the
degree of malignancy and tumor prognosis (16). Osteosarcoma
organization is highly expressed in STAT3, while the expres-
sion of STAT3 is associated with tumor staging as well as
tumor presence of soft tissue infiltration (17). STAT3 signal
plays an important role in the occurrence and development
of osteosarcoma (17). In the present study, we elucidated the
anticancer mechanism of ginkgetin against osteosarcoma cells
through the suppression of p-STAT3 expression. Additionally,
Jeon et al reported that ginkgetin inhibits the cell growth by
suppressing STAT3 protein expression in human prostate
DU-145 cancer cells (18).

Our mechanistic study indicates that ginkgetin reduced
the activation of caspase-3 and -9 in osteosarcoma cells.
Caspase-3/9 is a cysteine protease that is distributed in
tissues and cell lines of bone and cartilage. It is involved in
the apoptosis mechanism due to its structure domain having
a FADD-like death effect, proceeding into the death domain
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and FADD effect structure. Caspase-3/9 is involved in apop-
tosis primarily through the death-induced signal complex.
The caspase protease family is situated in a central position
in the cell apoptotic process, and is directly involved in early
apoptosis, signal transmission and late apoptosis, including
caspase-3/9, which is identified in the top of the cascade reac-
tion. The expression of caspase-3/9 reflects the level of the
cell apoptotic reaction as well as the existence of initiation of
apoptotic factors. Su et al have identified the ginkgetin-induced
apoptosis of human ovarian adenocarcinoma cells via the
activation of caspase-3 (6). Thus, a possible anticancer effect
of apoptosis occurring following activation of caspase-3/9 in
osteosarcoma cells has been identified.

Mitochondrial cell apoptotic pathways are regulated by
Bcl-2 family proteins (19,20). The Bcl-2 family is a polygenic
family comprising at least 25 family members in mammals.
It includes subfamilies such as the Bcl-2 subfamily, whose
members Bcl-2, Bel-x1, Mcl-1, A1 and Bcl-w inhibit cell
apoptosis; the Bax subfamily, whose members Bax and Bak
promote cell apoptosis; and the BH3-only protein families,
which promote cell apoptosis. Bcl-2 subfamily members
including Bcl-x1, Mcl-1 and Al, can be used as targets for
gene therapy for tumors of the digestive system (20,21). Our
results revealed that ginkgetin has antitumor activity against
the reduction of the protein expression of Bcl-2 and Bel-xL
in osteosarcoma cells in a dose-dependent manner. Jeon et al
also reported that ginkgetin inhibits cell growth through
anti-apoptotic proteins (Bcl-2 and Bcl-xL) in prostate DU-145
cancer cells (18). This result shows that Bcl-2 and Bcl-xL are
biomarkers involved in the anticancer effect of ginkgetin on
osteosarcoma.

Cyclin D1 is considered an oncogene whose encoded protein
accelerates the regulation of cell proliferation. However, over-
expression of this oncogene as well as loss of control leads to
an abnormal cell cycle, thus causing cancer (22). The expres-
sion of survivin protein in the human body and its biological
effects are not expressed in healthy adult tissue except for the
outer thymus, placenta, CD34* stem and epithelial cells on the
basal portion of the colon (23). However, survivin has been
shown to be expressed in lung, breast and colon cancer, and
soft tissue sarcoma and malignant cells in the blood. In addi-
tion, retrieval of the wide gene expression profile confirmed
that compared with normal tissue, there were statistically
significant differences in survivin expression (19). We
observed that 30 or 40 uM of ginkgetin treatment markedly
reduced the protein expression of cyclin DI and survivin of
osteosarcoma cells. Jeon et al also reported that ginkgetin
inhibits cell growth through cell survival-related genes
(cyclin D1 and survivin) in prostate DU-145 cancer cells (18).
Therefore, the results provide new insight into the inhibition
of cell survival-related genes (cyclin DI and survivin) in the
process of ginkgetin on osteosarcoma cells.

There are 18 subtypes in the PARP family, with PARP-1
having the largest proportion of the family and over 90% func-
tions. These functions include mediated DNA repair and cell
energy consumption pool, causing cellular dysfunction and
death, and promoting inflammation gene transcription (24).
Griffin er al (25) first reported that the cytotoxic activity of
sulfuric acid dimethyl ester can be enhanced in the process
of DNA excision repair by attenuating the activity of PARP,
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which shows that it can be used as a sensitizer in cancer
therapy together with cytotoxic drugs (25,26).

Administration of ginkgetin at 30 or 40 uM significantly
suppressed the total PARP protein expression in the osteo-
sarcoma cells. You et al reported that ginkgetin induces
apoptosis through cleavages of PARP in PC-3 prostate cancer
cells (10). Our findings suggest that ginkgetin induces apop-
tosis through suppression of PARP in osteosarcoma cells.

To the best of our knowledge, this is the first study to iden-
tify that ginkgetin is highly effective in osteosarcoma cells,
inhibits cell growth, increases cytotoxicity and induces the
cell apoptosis of osteosarcoma cells. These results provide new
insight into the action of ginkgetin, which potently inhibits
the STATS3, caspase, cyclin D1, survivin and PARP signaling
pathway. Therefore, our findings indicate that ginkgetin has a
potential role in the treatment of osteosarcoma cells.
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