Am J Transl Res 2016;8(2):922-931
www.ajtr.org /ISSN:1943-8141/AJTR0017364

Original Article

Polydatin promotes apoptosis through upregulation the
ratio of Bax/Bcl-2 and inhibits proliferation by
attenuating the B-catenin signaling in

human osteosarcoma cells

Ge Xu?, Ge Kuang?, Wengao Jiang?, Rong Jiang®, Dianming Jiang*

1Department of Orthopaedics, The First Affiliated Hospital of Chongqing Medical University, Chongqing 400016,
China; 2Chongqing Key Laboratory of Biochemistry and Molecular Pharmacology, Chongqing Medical University,
Chonggqing 400016, China; 3Laboratory of Stem Cell and Tissue Engineering, Chongqing Medical University,

Chongqing 400016, China

Received October 6, 2015; Accepted January 7, 2016; Epub February 15, 2016; Published February 29, 2016

Abstract: Osteosarcoma is the most prevalent primary malignant bone tumor mainly endangering young adults.
In this study, we explore whether polydatin (PD), a glycoside form of resveratrol, is effective for osteosarcoma. Our
results showed that PD dose-dependently inhibited proliferation and promoted apoptosis in 143B and MG63 os-
teosarcoma cells, examined by MTT assay and Annexin V-FITC apoptosis detection. Further, we found PD increased
expression of Bax and attenuated expression of Bcl-2, and consequently augmented caspase-3 activity. Moreover,
PD also dose-dependently inhibited B-catenin signaling pathway as indicated by decreased B-catenin expression
and activity, while overexpression of -catenin by adenoviruses system could abrogate the anti-tumor effect of PD.
Our finding indicated that PD could inhibit the proliferation by inhibiting the B-catenin signaling and induce apoptosis
via upregulation the ratio of Bax/Bcl-2 in human osteosarcoma cells.
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Introduction

Osteosarcoma (0S) is one of the most frequent
primary malignant tumors of the musculoskel-
etal, occurring mainly in children and adoles-
cents with a high propensity for local invasion
and distant metastasis. Since the use of multi-
drug chemotherapy and refined regional surgi-
cal technique in 1980s, the overall survival rate
of non-metastatic OS has elevated from 10% to
65% [1]. However, despite the widespread use
of neo-adjuvant therapy, the survival rate
remains be in the plateau over the past two
decades. Furthermore, OS with multiple metas-
tases sustains to be grim with a poor survival
rate of 10-20% [1, 2]. Conventional chemother-
apy contains three-drug backbone consisting
of methotrexate, doxorubicin, and cisplatin
(MAP) with other two possible inclusions of ifos-
famide and etoposide [3]. Surprisingly, chemo-
therapeutic drugs used today seem to be whol-

ly similar to what used three decades ago. And
side-effects, such as pulmonary and renal toxic-
ity, hearing impairment, encephalopathy and
hemorrhagic cystitis can be caused by conven-
tional chemotherapeutic drugs, most of which
are life-threatening for OS [4]. Give the side
effects and poor progress of orthodox chemo-
therapies in OS treatment, there is an urgent
need for finding new chemotherapies with safer
and more sufficient anti-cancer properties.

Polydatin (PD), also named piceid (3, 4’, 5-trihy-
droxystilbene-3-b-D-glucoside, Figure 1), is a
stilbene compound originally extracted from
the root and rhizome of Polygonum cuspidatum
Sieb. et Zucc. (Polygonaceae). PD is a glycoside
form of resveratrol with glucoside group bond-
ed in position C-3 substituting a hydroxyl group,
which renders PD properties of resistance to
enzymatic oxidation, solubility in water and pen-
etrating the cell actively through the glucose
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Figure 1. Chemical structure of polydatin.

carriers [5]. PD has been proven with protective
effects against sepsis [6], shock [7], renal inju-
ry [8], septic lung injury [9], ischemia/reperfu-
sion-induced apoptosis [10], lipopolysaccha-
ride/D-galactosamine-induced fulminant he-
patic failure [11]. Numerous studies have sug-
gested that PD, like resveratrol, may have the
similar bioactivities such as inhibition of plate-
let aggregation [12], anticarcinogenic effects
[13]. Consistently, Su et al. [14] and Liu et al.
[15] found that PD could significantly kill sever-
al human tumor cell lines in a dose- and time-
dependent manner, suggesting PD might be a
promising anti-tumor drug.

Previous study has demonstrated resveratrol
has an anti-osteosarcoma effect via inhibiting
cell proliferation and vascular endothelial
growth factor (VEGF) expression [16]. However,
the anti-osteosarcoma effect of PD has not
been acknowledged yet. In this current study,
we evaluated the anti-osteosarcoma activity of
PD and explored the underlying molecular
mechanism in human osteosarcoma cell lines
(143B and MG63).

Materials and methods
Chemical and reagents

PD (C,,H,,0, MW: 390.40, purity > 95%) was
purchased from Nanjing Debjochem Co. Ltd.
(Nanjing, China). Annexin V-FITC/propidium
iodide (Pl) apoptosis detection kit and the cas-
pase-3 colorimetric assay kit were from KeyGEN
Biotech (Nanjing, China). Bicinchoninic acid
(BCA) protein assay kit was obtained from
Pierce (Rockford, IL, USA). RPMI 1640 medium

was purchased from Gibco BRL Life
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Technologies (CA, USA). FBS (fe-

tal bovine serum) was obtained

from HyClone Laboratories (Lo-

gan, UT, USA). Bcl-2, Bax, B-

catenin, and GAPDH Antibody

were purchased from Cell Si-

gnaling Technology (Boston, MA,

USA). The dual luciferase assay

reagent kit was from Promega

OH  (san Luis Obispo, USA). Dimethyl

sulfoxide (DMSO), crystal violet

and 3-[4, 5-dimethylthiazol-2-yl]-

2, 5-diphenyltetrazolium bromi-

de (MTT) were obtained from

Sigma Chemical Co. (St. Louis,

MO, USA). All other chemicals

and solvents obtained from local

area were of the highest analytical grade
available.

Cell culture and treatment

Osteosarcoma cells 143B and MG63 were
obtained from American Type Culture Collection
(ATCC, Rockville, MD), and cultured in RPMI-
1640 supplemented with 10% FBS and 1%
penicillin/streptomycin. All cells were routinely
incubated in an atmosphere of 5% CO, at 37°C.
All cell experiments were done using cells in
exponential cell growth. Incubated for twenty-
four hours after seeding, cells were treated
with culture medium containing various con-
centrations of PD (104, 10, 10 M).

MTT assay for proliferation assay

MTT Assay was performed to evaluate the pro-
liferation of osteosarcoma cells. MTT assay is a
rapid and sensitive procedure for accessing
cellular toxicity of compounds in-vitro. Cells
were seeded into 96-well plates at a concentra-
tion of 10%/ml and plates were sealed and cul-
tured for 6 hours before treatment of PD. Cells
were incubated for 24, 48 and 72 hours after
treatment. Following incubation, 20 ul of MTT
was added to each well, and the cells were
incubated for an additional four hours.
Subsequently, media was carefully discarded
and 100 pl of dimethyl sulfoxide were added to
dissolve the formazan crystals, then the 96-well
plates were put on a horizontal oscillator for ten
minutes. The absorbance values were mea-
sured at a wavelength of 570 and a reference
wavelength of 620 nm. Each experiment was
conducted in triplicate, and the data are pre-
sented as mean values.
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Cell viability detection

Crystal violet assay was used to determine the
cytotoxicity of PD on osteosarcoma cells. Cells
were seeded and grown in 200 ul of growth
medium in 96-well plates at a concentration of
10%/ml. After incubated with various doses of
PD for 72 h, the wells were carefully washed
with PBS and the adherent cells were fixed with
2% (wt/vol) paraformaldehyde for 15 min at
room temperature (RT). Then after washing, the
cells were incubated and were slightly shook at
RT with 100 pl 2% crystal violet solution (in
19.2% ethanol containing 0.8% ammonium
oxalate) for 30 min. Next, the plate was washed
twice with distilled water and air dried com-
pletely. Finally, the remained cells were solubi-
lized in 1% (wt/vol) sodium dodecyl sulfate in
50% (vol/vol) ethanol the absorbance was read
with enzyme-linked immunosorbent assay
(ELISA) plate reader at a wavelength of 570 nm.
Each experiment was conducted in triplicate
and the data are presented as mean values.

FACS assay of apoptosis

For apoptosis analysis, Annexin V-FITC/propidi-
um iodide (PI) staining using an Annexin V-FITC
apoptosis detection kit (KeyGEN Biotech,
Nanjing, China) was performed by flow cytome-
try according to the manufacturer’s guidelines.
Briefly, after 48 h of PD treatment, the cells
were washed with cold phosphate buffered
saline (PBS), incubated with Annexin V-FITC/PI
at room temperature for 5 min in the dark. The
fluorescence of the cells was detected by the
flow cytometry using a FITC signal detector
(FL1) and a PI signal detector (FL2). According
to the method, Annexin V-FITC (-)/PI (-) indicates
survived cells, Annexin V-FITC (+)/PI (-) indicates
cells of apoptosis in the early stage, and
Annexin V-FITC (+)/PI (+) indicates cells of apop-
tosis or necrosis in the late stage. Each experi-
ment was performed in triplicate and reproduc-
ible results were achieved.

Caspase-3 activity assay

The activity of caspase-3 was detected in vitro
using a caspase-3 colorimetric assay kit
according to the manufacturer’s instructions. In
short, following the treatment, the collected
cells were lysed and centrifuged at 12000 g for
15 minutes at 4°C. The supernatant were col-
lected and the protein concentrations were
measured by the BCA method. Then superna-
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tant containing 50 pg of total protein were incu-
bated with 5 pl caspase substrate in the 100 pl
reaction buffer at 37°C for 4 h in the dark. The
activity of caspase 3 was determined by a
microplate reader at 405 nm, and calculated
as a percentage of OD in PD treatment cells
relative to the control that were not treated with
the PD.

Quantitative real time PCR

Total RNA was extracted from the cells using
Trizol (Invitrogen, USA) according to the manu-
facturer’s protocol. The primer sequences we-
re as follows: B-catenin (Forward: 5-ATG-
GAGCCGGACAGAAAAGC-3’; Reverse: 5-CTT-
GCCACTCAGGGAAGGA-3’), GAPDH (Forward:
5-AGGTCGGTGTGAACGGAT TTG-3’; Reverse:
5-TGTAGACCATGTAGTTGAGGTCA-3’). Real-time
PCR was carried out using Maxima SYBR
Green/ROX gPCR Master Mix (Fermentas)
according to the manufacturer’s instructions.
7500 Real Time PCR System (Applied
Biosystems) was employed for the thermal
cycling reactions. After the normalizing with
GAPDH, relative change in gene expression of
B-catenin was determined by the comparative
Ct method (222° method).

Protein isolation and western blot

Cells were washed with PBS and lysed in cell
lysis buffer. The lysate was centrifuged at
12000 g at 4°C for 10 min. The supernatant
was collected and protein concentration was
determined by BCA method. 40 ug total protein
from each treated cell group was fractionated
on 10% polyacrylamide-sodium dodecyl sulfate
(SDS) gel and then transferred to polyvinylidene
fluoride membranes. The membranes were
blocked with 5% (w/v) fat-free milk in Tris-
buffered saline (TBS) containing 0.05% Tween-
20, followed by incubation with a primary anti-
body at 4°C overnight. Then after washing with
TBST for three times, the membranes were
incubated with horseradish peroxidase-conju-
gated secondary antibodies. Antibody binding
was visualized using enhanced ECL chemilumi-
nescence system and short exposure of the
membrane to X-ray films (Kodak, Japan).

Luciferase reporter assay
To investigate the activation of 3-catenin signal-

ing pathway modulated by PD, TOPFlash (4 x
TCF binding sites) luciferase reporter was used
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as reported previously [17]. Luciferase activi-
ties were analyzed by the dual-luciferase
reporter assay system (Promega, Madison, WI)
with normalization to the control Renilla.

Adenovirus infection

Recombinant adenoviruses expressing [-
catenin was used according to procedure
described. The expression of RFP was as a
marker for monitoring transfection efficiency.
An analogous adenovirus expressing only RFP
(Ad-RFP) was used as a control, and expression
efficiency was determined by real-time PCR,
western blotting, and functional assays of
B-catenin signaling pathway.

Statistical analysis

The results were expressed as the means *
standard deviation (SD), either Student’s t-test
or one-way ANOVA was used to achieve data
analyses. A two-tailed P value of less than 0.05
was considered significant difference.

Results

PD inhibited the proliferation and viability of
osteosarcoma cells

The proliferation and viability of 143B and
MGG63 cells were determined by MTT and crys-
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Figure 2. Effect of polydatin on
proliferation and viability of hu-
man osteosarcoma cells. 143B
and MG63 osteosarcoma cells
were treated with polydatin at
indicated concentration. A. The
proliferation was measured by
MTT 24, 48, and 72 h after treat-
ment. B. The viability was evalu-
ated by Crystal violet 72 h after
treatment. Each value is mean *
S.D. *P<0.05, **P<0.01.

tal violet viability assay, respectively, following
treatment with concentrations of 10°%, 105,
and 10* M of PD for 24, 48 and 72 h. We found
that PD inhibited the proliferation of these
human cells in a dose-dependent manner
based on the MTT assay (Figure 2A). In lines
with MTT assay, PD also exhibited the inhibitive
effects on these osteosarcoma cells in a dose-
dependent manner determined by crystal violet
viability assay (Figure 2B).

PD induced apoptosis in osteosarcoma cells

The apoptosis of MG63 induced by PD was
quantified by flow cytometry using Annexin
V-FITC/PI staining. As shown in Figure 3, the
apoptosis were significantly increased in the
groups treated with PD by comparison with con-
trol groups, and dose-dependent effects were
found.

PD enhanced the activation of caspase-3 in
osteosarcoma cells

The caspase-cascade system plays a critical
role in the initiation, transduction, and amplifi-
cation of cell apoptosis [18]. To investigate the
cleaved effector caspase in the apoptotic path-
way, the activation of caspase-3 were mea-
sured by the colorimetric assay. As shown in
Figure 4, compared with untreated group, expo-
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Figure 3. Effect of polydatin on apoptosis of human osteosarcoma cells. 143B osteosarcoma cells were treated
with O, 10, 30, and 100 uM polydatin for 48 h, apoptosis was detected using annexin V-FITC/PI dual staining by

flow cytometry.

sure of PD can evidently and dose-dependently
induce activation of caspase-3 in 143B osteo-
sarcoma cells.

PD up-regulated expression of pro-apoptotic
protein (Bax) and down-regulated anti-apoptot-
ic protein (Bcl-2)

The Bcl-2 family proteins are important regula-
tors of apoptosis, including both pro-apoptotic
protein Bax and anti-apoptotic protein Bcl-2,
and the ratio of Bax/Bcl-2 determined the fate
of cell [19]. To further study the potential mech-
anism by which the PD induces apoptosis of
human osteosarcoma cells, the effect of PD on
the expression of Bcl-2 and Bax in 143B osteo-
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sarcoma cells was examined. As shown in
Figure 5, PD profoundly up-regulated Bax and
down-regulated Bcl-2 in a dose-dependent
manner.

PD suppresses [-catenin signal pathway

The expression of B-catenin is obviously higher
than normal tissue [20], subsequently; it can
induce over activation of several downstream
target genes including c-Myc and c-Jun, leading
to increased cell proliferation and survival [21].
Therefore, Quantitative Real-Time PCR and
western blotting were employed to examine the
mRNA and protein expression of B-catenin.
Treatment of PD obviously decreased [3-catenin

Am J Transl Res 2016;8(2):922-931
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Figure 4. Effect of polydatin on caspase-3 activity
in human osteosarcoma cells. 143B osteosarcoma
cells were treated with O, 10, 30, and 100 uM poly-
datin for 48 h, caspase-3 activity was measured by
the colorimetric assay. Each value is mean = S.D.
*P<0.05, **P<0.01.

MRNA in a dose-dependent manner, as pre-
sented in Figure 6A, and the similar results
were found in the pattern of protein expression
of B-catenin (Figure 6B). Additionally, luciferase
assay with B-catenin reporter presented that
PD suppressed B-catenin activity in a dose-
dependent manner in the osteosarcoma cell
line (Figure 6C).

B-catenin mediated the beneficial effect of PD

In order to verify whether inhibiting B-catenin
pathway is responsible for the antitumor activi-
ty of PD, overexpression of 3-catenin by adeno-
viruses vector was used. As shown in Figure 7,
overexpression of [-catenin abolished the
inhibitory of PD on cell proliferation in osteosar-
coma cells.

Discussion

Osteosarcoma is the most common type of
malignant bone tumor. Benefited from the
advance in multidrug chemotherapy and surgi-
cal technique, the survival rate of patients with
osteosarcoma has increased. Recent years, a
5-year survival rate for the treatment of surgi-
cal alone was 20%, which was considered to be
accepted for approximately 80% the patients
suffered from pulmonary metastasis at the
time of presentation [22, 23]. However, the
effectiveness of chemotherapeutic drugs
attenuated because of required chemoresis-
tance, moreover, many currently used drugs
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Figure 5. Effect of polydatin on expression of Bcl-2
and Bax in human osteosarcoma cells. 143B osteo-
sarcoma cells were treated with O, 10, 30, and 100
MM polydatin for 48 h, expression of Bcl-2 and Bax
were determined by western blotting.

have been confirmed to be intrinsic and potent
toxic to normal cells, which renders their long-
term use and effectiveness limited [19].
Therefore, new therapeutic agents are desper-
ately needed to improve the prognosis of
osteosarcoma.

In this study, the results revealed that PD had
the anti-tumor effect on human osteosarcoma
lines. We found that PD induced apoptosis and
inhibited proliferation of 143B and MG63 cells
in a dose dependent manner. Additionally, we
confirmed that enhanced caspase-3 activation,
up-regulation of Bax, down-regulation of Bcl-2,
and reduced activation of B-catenin signaling
were involved. According to previous reports,
PD has favorable effects on many human tumor
cells, including human cervical carcinoma Hela
cells, hepatoma cell line SMMC-7721 cells, epi-
dermal carcinoma A-431 cells, nasopharyngeal
carcinoma CNE cell, and it was identified that
PD could induce apoptosis of nasopharyngeal
carcinoma CNE cell via mitochondrial disrup-
tion, endoplasmic reticulum stress and down-
regulation of Akt phosphorylation [15].
Additionally, it was documented that PD could
inhibit the formation of capillary-like tube net-
works (angiogenesis) of human umbilical vein
endothelial cells (HUVECs) and suppress DNA
synthesis in Lewis lung carcinoma [24]. These
findings indicate that PD has an anti-tumor
effect in human osteosarcoma cells, and it is
also a promising anti-tumor candidate for other
tumors.

Apoptosis is characterized by shrinkage, cyto-
plasmic membrane blebbing, chromatin con-

Am J Transl Res 2016;8(2):922-931
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Figure 6. Effect of polydatin on B-catenin mRNA and protein expression and TCF/LEF activity in human osteosar-
coma cells. A and B. 143B osteosarcoma cells were treated with 0, 10, 30, and 100 uM polydatin, B-catenin mRNA
and protein expression were determined at 48 h posttreatment. C. 143B cells were transfected with the B-catenin-
TCF/LEF reporter pTOP-Luc for 24 h, and treated with the indicated concentrations of PD. Luciferase activity was
determined at 48 h posttreatment. Each value is mean + S.D. *P<0.05, **P<0.01.

densation, DNA fragmentation and finally
destruction of the cells. In mammals, two path-
ways are involved in apoptosis process. One is
the extrinsic pathway, which is activated by cell-
surface death receptors and consequent acti-
vation of caspase-8 occurs. The other one is
intrinsic pathway containing mitochondrial dis-
ruption by pro-apoptotic Bcl-2 family members
and subsequent release of cytochrome ¢ and
activation caspase-9 [25]. Both activated cas-
pase-8 and caspase-9 can activate caspase-3,
subsequently initiate the apoptotic program
through cleavage of plenty of vital proteins [26].
In our study, PD dose dependently enhanced
the activation of caspase-3 and in parallel with
the identified increase rate of apoptosis in the
osteosarcoma cells, suggesting that enhanced
activation of caspase-3 might play critical roles
in PD-induced apoptosis.
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Bcl-2 family proteins, key regulators of mito-
chondrion-mediated apoptosis, consist of anti-
apoptotic protein such as Bcl-2 and pro-apop-
totic proteins such as Bax [27], and regulate
apoptosis through alteration of permeability of
mitochondrial outer membrane (MOM) follow-
ing homo- or hetero-association [28]. It was
reported that chemotherapeutic agents influ-
enced the participation of Bcl-2 family mem-
bers in the regulation of apoptosis [27]. By
immunoblotting, we found that PD dose-
dependently unregulated Bax and downregu-
lated Bcl-2 in the osteosarcoma cell lines. As is
expected, the activation of caspase-3 increased
in parallel with the upregulation of Bax and
downregulation of Bcl-2. Bax, a pro-apoptotic
Bcl-2 family protein, promotes apoptosis by the
release of cytochrome ¢ from mitochondria and
downstream caspase activation [29]. However,

Am J Transl Res 2016;8(2):922-931
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Figure 7. Overexpression of B-catenin blocked the anti-proliferation of PD in human osteosarcoma cells. 143B cells
were infected with Ad-B-catenin or Ad-RFP. At 24 h after infection, cells were treated with 100 uM polydatin for 48
h. A. Total protein was obtained for western blotting to determine B-catenin expression. B. Cell proliferation was
measured by MTT. Each value is mean + S.D. *P<0.05, **P<0.01.

Bcl-2 inhibits cell apoptosis by obstructing the
pro-apoptotic effects of Bax and blocking the
release of cytochrome ¢ from the mitochondria
[30]. The balance of the anti- and pro-apoptotic
Bcl-2 family protein controls the tissue homeo-
stasis and lower Bax/Bcl-2 ratio commonly
exits in various cancers. Furthermore, higher
Bax/Bcl-2 is associated with increased activa-
tion of caspase-3 and consequent susceptibili-
ty of a cell to apoptosis [31]. Therefore, we can
conclude that PD induced apoptosis in osteo-
sarcoma cells through caspase-3 signaling via
increasing the ratio of Bax/Bcl-2.

Aberrant over activation of Wnt-p-catenin path-
way plays an essential role in OS pathogenesis,
and it seems to be positively associated with
lung metastasis and chemotherapeutic resis-
tance [21, 32]. Accumulated nuclear B-catenin
binds to the T-cell factor/lymphoid enhancer
factor and subsequently promotes the target
genes activity including Myc, cyclin D1, Axin 2
and Lefl, leading to increased cell survival
against apoptosis induced by chemotherapeu-
tic agents and proliferation [33, 34]. In the cur-
rent study, by Quantitative Real-Time PCR and
western blotting, we found that PD dose-
dependently decreased the expression of
B-catenin mRNA and protein, which presented
a negative association with cell proliferation. In
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order to identify the activation of B-catenin,
luciferase reporter assay were used after treat-
ment of PD. The results presented that the
reduction of activated B-catenin paralleled with
the protein and mRNA expression, but inversely
related to osteosarcoma cell proliferation.
Furthermore, by overexpression of (-catenin
adenoviruse vector, we found that the inhibitive
effect of PD on osteosarcoma cell proliferation
was abrogated, indicating that -catenin signal
participated in the beneficial effect of PD.
Taking together, our results demonstrate that
PD inhibits osteosarcoma cell proliferation by
inhibiting 3-catenin signaling.

In conclusion, our data for the first time demon-
strated that PD induced apoptosis through cas-
pase-3 via upregulation the ratio of Bax/Bcl-2,
and inhibited the proliferation of osteosarcoma
cells by attenuating the B-catenin signaling.
These results suggested that PD might become
a potential novel chemotherapeutic agent for
the treatment of osteosarcoma.
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