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Polygala tenuifolia polysaccharide PTP induced apoptosis
in ovarian cancer cells via a mitochondrial pathway
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Abstract One purified polysaccharide protein tyrosine phos-
phatase (PTP) was isolated from the roots of Polygala
tenuifolia. The aim of the present study is to investigate the
antitumor effect of PTP on human ovarian cancer OVCAR-3
cells and explore the molecular mechanism of the action in-
volved. The results of MTTassay and apoptosis detection assay
showed that PTP inhibited cellular proliferation of OVCAR-3
cells and induced apoptotic cellular death via arresting cell
circle at the G0/G1 phase. Reverse transcription-polymerase
chain reaction (RT-PCR) and Western blot analysis identified
that bcl-2 gradually decreased at both transcription and protein
levels after PTP treatment for 48 h in OVCAR-3 cells, while
those of bax, cytochrome c, caspase-3, and caspase-9 increased.
In addition, the low expression of NF-κB in PTP-treated
OVCAR-3 cells would trigger the extrinsic pathway of pro-
grammed cell death signaling in tumor cells. These results
together suggest that PTP may induce apoptosis of OVCAR-3
cells through a mitochondrial pathway.
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Introduction

Polycomb protein BMI-1 is broadly overexpressed in various
types of cancer cells, such as leukemia [1], mantle cell lympho-
ma [2], non-small-cell lung cancer [3], breast cancer [4], colo-
rectal cancer [5], nasopharyngeal carcinoma [6], prostate cancer
[7], and ovarian cancer [8], and its depletion in those cells often
leads to reduced cell growth and proliferation and increased cell
apoptosis [9, 10]. These observations led us to hypothesize that
downregulation of BMI-1 can result in the apoptosis of cancer
cells, including ovarian cancer.We previously reported the Bmi-
1 protein was highly expressed in ovarian epithelial cancer
tissues and that elevated expression of Bmi-1 correlated closely
with increased telomerase activity [8]. We also found that the
cell viability of human ovarian carcinoma OVCAR-3 cells
decreased when stably transfected with antisense Bmi-1 RNA
[11]. In view of the charming attraction of a natural product to
fight against this disease, we purified one homogeneous poly-
saccharide protein tyrosine phosphatase (PTP) from the roots of
Polygala tenuifolia and evaluated its antitumor effect in vitro
and in vivo [12]. The results identified PTP could significantly
inhibit the growth of ovarian cancer. Importantly, Bmi-1 expres-
sion was suppressed by PTP treatment at both mRNA and
protein levels, together with the low telomerase activity. All
these findings have thrown light on the mechanism by which
PTP participates in tumor progression, but the underlying
mechanisms are not yet well understood. In this context,
determining the mechanism by which downregulation of
BMI-1 by PTP treatment sensitizes the cancer cells to
apoptosis would be important for the development of new
therapeutic strategies to combat ovarian cancer. This report
firstly documented that the polysaccharide PTP from the
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roots of P. tenuifolia induced apoptosis in human ovarian
cancer OVCAR-3 cells through the mitochondrion-dependent
apoptotic pathway.

Materials and methods

Materials and chemicals

P. tenuifolia was harvested from Jilin province of China in
October, 2009. The roots were washed, air dried, and cut into
small pieces before use. The materials were thoroughly washed
with tap water, air dried at room temperature, and finely pow-
dered for subsequent experiment.DEAE-Sephacel and Sephadex
G-100were purchased fromAmershamPharmaciaCo., Sweden.

Isolation and purification of polysaccharide PTP

PTPwas extracted fromP. tenuifoliawith amethod as previously
described [12]. Briefly, the dried powders of P. tenuifolia (100 g)
were defatted with toluene–ethanol (1:1, v/v) for 6 h in a Soxhlet
apparatus under reflux. The remaining residuewas then extracted
with distilled water at 80 °C for two times and 1 h each time.
Subsequently, the whole combined extract was filtered, concen-
trated, and centrifuged and then the supernatant was precipitated
with 95%EtOH until the end concentration of 50% (v/v) at 4 °C
for 1 h. Then, 10 % CaCl2 was added and kept overnight to
precipitate the tannin. The supernatant containing water-soluble
polysaccharide collected by centrifugation was ultrafiltrated with
membrane (MWCO: 1 k) and membrane (MWCO: 10 k) on an
ultrafiltration apparatus. The ultrafiltrate (outside ofmembrane of
10 k) was concentrated and lyophilized to yield crude polysac-
charide (cPTP). The crude polysaccharides were dissolved in
distilled water and filtered through a 0.45-μm Millipore filter.
The solution was subjected to DEAE-Sephacel column (4×
60 cm) chromatography and eluted with deionized water at a
flow rate of 1 mL/min. Fraction was collected and monitored
with the phenol–sulfuric acid method [13]. One main fraction
eluted with deionized water was further applied to Sephadex
G-100 column (2.5×100 cm) with the same buffer at a flow rate
of 1 mL/min. The eluted fractions containing a large amount of
sugar were only separated into one fraction and lyophilized to
afford a purified polysaccharide, named as PTP. The purified
polysaccharide was kept in solid powder for further analysis.

Cell line and culture

The human ovarian carinoma cell line OVCAR-3 was obtain-
ed from Shanghai Institute for Biological Sciences, Chinese
Academy of Science and was cultured in RPMI 1640 contain-
ing 100 U/mL penicillin, 100 μg/mL streptomycin, and 10 %
fetal bovine serum (FBS) and were maintained at 37 °C in a
humidified atmosphere with 5 % CO2.

Cell viability assay

Cytotoxicities were assessed using MTT assays [14]. Briefly,
cells were harvested during logarithmic growth phase and
seeded into flat-bottomed 96-well plates at a density of 5×
103 cells per well and incubated for 12 h. PTP ranging from
0.1 to 1.6 mg/mL was added, and plates were incubated for
additional 24, 48, and 72 h. Subsequently, culture medium
was removed, and 20 μLMTTsolution (5 mg/mL) was added
to each well and incubated for 4 h at 37 °C. Then, the
supernatant was discarded, and 100 μL anhydrous DMSO
was added to terminate the experiments. Cell viability was
measured by Bio-Rad Model 680 Microplate reader at
570 nm. Experiments were carried out at least thrice. Cell
survival was calculated with the following formula: survival
(%)=(mean experimental absorbance/mean control absor-
bance)×100 % [15].

Apoptosis assay

After OVCAR-3 cells were exposed to the indicated concen-
trations of PTP (0.4, 0.8, and 1.6 mg/mL) for 48 h, the cells
were harvested and washed twice with cold phosphate-
buffered saline (PBS). Subsequently the cells were stained
with annexin V-FITC and propidium iodide (PI) at room
temperature for 15 min in the dark. The samples were ana-
lyzed immediately after staining using a flow cytometer
(Becton Dickinson, USA) and analyzed by the CellQuest
software. For each measurement, at least 20,000 cells were
counted. Apoptotic cells were defined as annexin V-FITC-
positive cells. The apoptosis rate (%)=(the number of apopto-
tic cells/the number of total cells observed)×100 % [15].

Cell cycle analysis

Cell cycle was analyzed by flow cytometry analysis [16].
Briefly, the cells (5×105) were seeded in six-well plates and
treated with various concentrations of PTP (0.4, 0.8, and
1.6 mg/mL) for 48 h. After treatment, the cells were collected
by trypsinization, fixed in 70 % ethanol, washed with cold
phosphate-buffered saline (PBS, pH 7.4) and then stained with
PI solution (50 μg/mL of propidium iodide, 100 μg/mL
RNase, and 0.1 % Triton X-100 in PBS) in the dark for
30 min at room temperature. The stained cells were analyzed
for cell cycle phase distribution by flow cytometry
(FACSCalibur, BD Bioscience). More than 1×104 cells were
collected and analyzed with CellQuest™ software (Becton
Dickinson).

ELISA for DNA assessment during apoptosis

Cells were cultured with PTP (0.4, 0.8, and 1.6 mg/mL) for
48 h. The optical density (OD) value of DNA fragments was
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assayed using an apoptosis testing kit (Roche, USA). The
results were calculated as the OD value of the experimental
sample/the OD value of the control.

Reverse transcription-polymerase chain reaction (RT-PCR)
for mRNA analysis of bcl-2, bax, cytochrome c, caspase-3,
and caspase-9

OVCAR-3 cells were treated with PTP at various concentra-
tions of 0.4, 0.8, and 1.6 mg/mL for 48 h. Total RNA was
isolated from solvent control and treated SW-480 cells using
the TRIzol™ reagent (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s protocol and kept at −80 °C
until use. And the first strand of cDNAwas synthesized. The
primers for PCR used in this experiment were as follows: bcl-
2 (304 bp): sense primer 5′-GTGGAGGA GCTCTTCAGG
GA-3′ and antisense primer: 5′-AGGCACCC AGGGTGAT
GCAA-3′; bax (477 bp): sense primer 5′-GGCCCACCAGCT
CTGAGCAGA-3′ and antisense primer 5′-GCCACGTGGG
CGTCCCAAAGT-3′; cytochrome c (204 bp): sense primer
5′-TGAAGCCGCTCGCAAGACTCC-3′ and antisense prim-
er 5′-GGCTGTCAAAAGGGGCGGTCT-3′; caspase-9
(273 bp): sense primer 5′- GCTTAGGGT CGCTAATGCT
G-3′ and antisense primer 5′-TGTCGTCAATC TGGAAGCT
G-3′; caspase-3 (297 bp): sense primer 5′-ATGGAAGCGA
ATCAATGGAC-3′ and antisense primer: 5′-GGCTCAGA
AGCACACAAACA-3′; β-actin (353 bp): sense primer 5′-
GCTCGTCGTCGACAACGGCTC-3′ and antisense primer
5′-CAAACATGATCTGGGTCATCT TCTC-3′. PCR condi-
tions were as follows: 30 s at 95 °C, 35 s at 56 °C, 34 s at 72 °C
for 28 cycles, followed by 8min at 72 °C for different primers.
PCR product (5 μL) was loaded for 1 % gel electrophoresis
(Kaiji Biotechnology Company, Nanjing, China). The expres-
sion of apoptotic genes was normalized by the expression of
the internal reference gene β-actin. The results were semi-
quantified using the ultrasonic vibration potential (UVP) gel
photograph analyzing system (Bio-Rad) and Quantity One
software (Bio-Rad).

Western blotting analysis

The total cell lysates and cytosolic and mitochondrial fractions
were isolated from the cells as previously described [17]. After
culturing with PTP (0.4, 0.8, and 1.6 mg/mL) for 48 h, cells
were collected and the proteins were extracted using RIPA
lysis buffer. The protein concentration was measured using the
BCA method. Equal amounts of protein were separated by
10 % SDS-PAGE electrophoresis and then transferred to
polyvinylidene difluoride membranes (0.45-μm pore size).
The membranes with proteins were incubated at 4 °C over-
night with the primary antibody (mouse anti-human bcl-2,
bax, cytochrome c, NF-kB, caspase-3, or caspase-9 antibod-
ies) at a 1:500 dilution and then incubated with the HRP-

conjugating secondary antibody in a final dilution of 1:5000
for 1 h. The blots were developed, and the proteins were
detected using the Odyssey infrared imaging system (LI-
COR) according to the manufacturer’s instructions. The den-
sitometry of the band was analyzed using a UVP gel photo-
graph analyzing system, and the relative expression levels of
bcl-2, bax, cytochrome c, caspase-3, and caspase-9 were
calculated.

Statistical analysis

Data in all experiments were shown as mean±SD. Statistical
significance was compared between each treated cell group
and control cells using Student’s t test. Values with P<0.05
were considered significantly different from untreated control
values.

Results

Effect of PTP on cell proliferation

The cytotoxic activity of water-soluble polysaccharide PTP
from the roots of P. tenuifolia on OSCC human ovarian
carcinoma OVCAR-3 cells was evaluated by MTT assay.
The percentage of growth inhibition of PTP at various con-
centrations on OVCAR-3 cells was determined as the percent-
age of viable treated cells in comparison with viable cells of
untreated controls, the viability of which was assumed to be
100 %. As shown in Fig. 1, after treatment with PTP at the
concentrations ranging from 0 to 1.6 mg/mL for 24, 48, and
71 h, the cell viability of OVCAR-3 cells was significantly
decreased in a dose- and time-dependent manner. When the
culture time was over 48 h, there was only a small decrease of
cell viability on the same concentration of PTP along with the
time increasing, and cell viability arrived at the lower value
especially at the high concentration in the range of 0.4 to
1.6 mg/mL. Therefore, we choose the concentrations of 0.4,
0.8, and 1.6 mg/mL and 48 h of incubation time for the
following experiments.

Effects of PTP on the cell cycle and apoptosis in OVCAR-3
cells

Since PTP exerted an antiproliferation effect, cell apoptosis
and cell cycle distribution were assayed by flow cytometry to
further elucidate the potential mechanism through which PTP
inhibits cell growth. Representative histograms for cell apo-
ptosis and cell cycle distribution in OVCAR-3 cells following
exposure to different concentrations of PTP were shown in
Fig. 2a, b. After treatment with PTP for 48 h, annexin V-
positive cells were observed, and the percentage of apoptotic
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cells induced by 0.4, 0.8, or 1.6 mg/mL of PTP was increased
to 23.5, 51.2, and 75.6 %, respectively. Accordingly, PTP
treatment resulted in the increase of G0/G1 phase compared
to media control. From the result, 76.68, 82.21, and 85.34 %
of cells were arrested at G0/G1 phase after treatment with 0.4,
0.8, and 1.6 mg/mL of PTP, respectively, whereas in the
untreated group, 69.73 % of OVCAR-3 cells were in G0/G1

phase. This dose-dependent increase at G0/G1 phase was
coupled with the decreased percentage of cells in S phase,
which indicated that PTP inhibited the cellular proliferation of
OVCAR-3 cells via arresting the cell cycle at G0/G1 phase.

Effect of PTP on DNA fragmentation in OVCAR-3 cells

As shown in Fig. 3, PTP was found to increase the DNA
fragmentation compared to the negative control, especially at
the concentrations of 0.8 and 1.6 mg/mL (P<0.05). In accor-
dance with quantification of apoptosis by flow cytometry,
these results further suggested the apoptotic activity of PTP
in OVCAR-3 cells.

Effect of PTP onmRNA expression of bcl-2, bax, cytochrome
c, caspase-3, and caspase-9 in OVCAR-3 cells

The Bcl-2 family, composed of both antiapoptotic and
proapoptotic proteins, regulates cell death by controlling mi-
tochondrial membrane permeability during apoptosis [18].
Thus, it is a mediator of the mitochondrial apoptosis pathway.
To investigate the role of the Bcl-2 family in PTP-induced
apoptosis, we first analyzed the changes in the levels of
antiapoptotic Bcl-2 and proapoptotic Bax in treatment and
control cells. RT-PCR and Western blot analysis showed that
treatment of OVCAR-3 cells with PTP dose-dependently
increased the expression of the proapoptotic Bax in
OVCAR-3 cells. On the other hand, the expression of the
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antiapoptotic Bcl-2 was significantly decreased after being
treated with the same condition (Fig. 4). Thus, the ratio of
Bax to Bcl-2 was significantly increased after treatment with
PTP, and this change would promote cell apoptosis. Our
results suggested that PTP could induce apoptosis through
changing the Bax/Bcl-2 ratio and, therefore, increasing the
mitochondrial membrane permeability to trigger the whole
cascade of apoptotic reactions. Accordingly, PTP-treated tu-
mor cells showed a dose-dependent release of cytochrome c
into the cytosol, which was well correlated with this conclu-
sion (Fig. 4).

Because the caspase family plays a central role in the
apoptotic process, we next examined the effect of PTP on
caspase activation. As shown in Fig 4, PTP treatment could
significantly increase the transcription and protein expression
of caspase-3 and caspase-9 in OVCAR-3 cells. These results
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Fig. 3 Effects of PTP on DNA fragmentation were measured by ELISA.
Data represented as means±SD of three independent experiments.
*P<0.05 compared with control cells

Fig. 4 Effect of PTP on mRNA and protein expression of bcl-2, bax,
cytochrome c, caspase-3, and caspase-9 in OVCAR-3 cells. a Protein
expression of bcl-2, bax, cytochrome c, caspase-3, and caspase-9 in
OVCAR-3 cells was confirmed by Western blot, and β-actin was used
as a loading control. b mRNA expression of bcl-2, bax, cytochrome c,
caspase-3, and caspase-9 in OVCAR-3 cells were confirmed by RT-PCR

and β-actin as an internal reference. c Quantitative analysis of protein
expression of bcl-2, bax, cytochrome c, caspase-3, and caspase-9 in
OVCAR-3 cells. d Quantitative analysis of mRNA expression of bcl-2,
bax, cytochrome c, caspase-3, and caspase-9 in OVCAR-3 cells. Data
represent the mean±SD (n=3). *P<0.05 when compared to control cells
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indicated that caspase-3 and caspase-9 were involved in the
apoptotic effects induced by PTP.

Effect of PTP on the NF-кB protein expression in OVCAR-3
cells

To investigate whether PTP inhibits NF-kB in human ovarian
carcinoma OVCAR-3 cells, we perform Western blots to
examine NF-κB expression at the protein levels. As shown
in Fig. 5, PTP inhibited NF-κB expression of OVCAR-3 cells
after treating for 48 h at all concentrations, and the inhibitory
action was much more obvious as concentrations increased.
Those results suggested that the effect of NF-kB was
abolished by PTP.

Discussion and conclusions

Cancer is one of the serious diseases threatening human
health. At present, it has not been entirely overcome. Current-
ly, most chemotherapeutic agents in clinical use are effective
in combating cancer cells but they are also associated with
toxicity, and particularly, the occurrence of resistance con-
straints their effectiveness. In cancer research, the focus is on

the development of novel drugs that could induce apoptosis
with high efficiency and minimal side effects. Apoptosis
causes specific cell death via an intrinsic ‘suicide’mechanism
and is believed to play a key role in cancer progression [19].
The mechanisms of apoptosis mainly involve two signaling
pathways: the mitochondrial pathway and the cell death re-
ceptor pathway [20]. A large amount of reports have shown
that alterations of mitochondrial structure and function are
closely associated with apoptosis [21]. Bcl-2 family proteins,
such as Bax and Bcl-2, induce mitochondrial membrane per-
meabilization to cause the release of cytochrome c into the
cytosol, which is thought to be the key factor in apoptosis
[22]. Once cytochrome c is released to the cytosol, cyto-
chrome c together with apoptotic protease activating factor 1
(Apaf-1) activates initiator caspases (caspase-2, caspase-8,
caspase-9, and caspase-10), and the latter then leads to effector
caspases activation (caspase-3, caspase-6, and caspase-7)
[23–25]. These effector caspases are responsible for the cleav-
age of various proteins leading to biochemical and morpho-
logical features characteristic of apoptosis [26]. There is ac-
cumulating evidence that naturally occurring compounds and
many chemotherapeutic agents with antitumor effects can
trigger the apoptosis of cancer cells [27–29]. Thus, the study
presented here focused on the apoptotic mechanism of the
polysaccharide PTP.

In the present study, we have reported the anticancer po-
tential of PTP in vitro on a human ovarian carcinoma
OVCAR-3 cell line and have elucidated the possible underly-
ing mechanism. We found that PTP treatment induced not
only apoptosis but also cell cycle G0/G1 arrest in OVCAR-3
cells thus leading to the low survival rate of OVCAR-3 cells.
This data was further supported by results from DNA frag-
mentation assay, which demonstrated statistically significant
increase of DNA fragmentation in PTP-treated cells compared
to the untreated control cells. Moreover, the expression of bcl-
2, bax, cytochrome c, caspase-3, and caspase-9 in PTP-treated
OVCAR-3 cells were also detected at both protein and mRNA
levels. RT-PCR and Western blot analysis identified that the
expression of bcl-2 gradually decreased after PTP treatment
for 48 h in OVCAR-3 cells, while that of bax, cytochrome c,
caspase-3, and caspase-9 increased in a concentration-
dependent fashion. Additionally, PTP could significantly sup-
press NF-κB protein expression in VCAR-3 cells. Based on
the results of the present study, we can conclude that PTP
might be useful for integrative and complementary medicine
by promoting apoptotic cell death in human ovarian carcino-
ma OVCAR-3 cells via the mitochondria-dependent pathway.
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Fig. 5 Effect of PTP on NF-кB protein expression in OVCAR-3 cells. a
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analysis of protein expression of NF-кB in OVCAR-3 cells. Data
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