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Sulfated polysaccharide extracted from Prunella vulgaris, a commonly used traditional Chinese herb,
possesses anti-tumor effect. But its underlying mechanism is unclear. The binding reaction of bFGF — P.
vulgaris sulfated polysaccharide (PVSP) and bFGF - heparan were characterized by surface plasmon
resonance assay. The competitive binding between bFGF - PVSP and bFGF - heparan sulfate were
determined by solid phase combined assay. PVSP was capable of binding to bFGF in a dose -
dependent manner. Moreover, PVSP could competitively inhibit the binding of heparan sulfate to the cell
binding domain of bFGF in a dose - dependent manner. PVSP significantly inhibited the proliferation of
ABAE cells in a dose - dependent and time - dependent manner. The percentage of apoptosis in adult
bovine aortic endothelial cells showed significant difference between PVSP - treated cells and control
cells. PVSP down regulated adult bovine aortic endothelial cell migration in a dose - dependent manner.
Therefore, PVSP could influence the proliferation, apoptosis and migration of endothelial cells, which
can be ascribed to the competitive ability of PVSP to inhibiting the binding of bFGF - heparan sulfate.
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INTRODUCTION

Angiogenesis play an important role in cancer metastasis
from the primary tumor to the secondary lesions
(Folkman, 1990, 1995). Various angiogenic growth factors
are involved in this process. Fibroblast growth factors
(FGF) are one of the earliest described angiogenic factor
in tumor angiogenesis (Abraham et al., 1986). FGF is
secreted by tumor cells and endothelial cells and it
accumulates in the extracellular matrix (ECM). The
release of FGF may influence solid tumor growth and
neovascularization. According to the article documented,
FGF influences the proliferation, apoptosis and migration
of endothelial cells (Drinane et al., 2006; Tao et al., 2010)
Accordingly, neutralizing anti- FGF antibodies could
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affect tumor growth (Baird et al., 1986; Gross et al., 1993;
Hori et al., 1991).

Basic fibroblast growth factors (bFGF), a member of
FGFs family, belong to heparan - binding growth factor
which typically store in ECM and bind to heparan sulfate
proteoglycans (Kiefer et al., 1990). Heparan sulfate
proteoglycans regulate bFGF signal pathway by direct
binding to bFGF and its receptor (Pellegrini, 2001).
Heparan sulfates are necessary to form bFGF - receptor
oligomerization (Plotnikov et al., 1999; Schlessinger et
al., 2000).

bFGF preferentially bind to heparan sulfates before
binding to its specific receptor (Harmer, 2006). Targeting
the binding of bFGF - heparan significantly reduces the
growth of solid tumor.

Prunella vulgaris, a commonly used Chinese herb, has
a wide range of reported medicinal activities (Brindley et
al., 2009; Fang et al., 2005; Ryu et al., 2000; Skottova et
al., 2004; Xu et al., 1999). P. wulgaris sulfated
polysaccharide (PVSP) was revealed to be the major
content with anti - tumor activity of P. vulgaris (Choi et al.,
2010; Feng et al., 2010). However, no detailed report can



be found about its underlying mechanism. Recently some
research has shown that various sulfated
polysaccharides have the anti - angiogenesis ability via
binding to FGF (Folkman and Shing, 1992). Here, the
effects of PVSP on endothelial cells and its underlying
mechanism were investigated.

MATERIALS AND METHODS
Cell line and reagents

PVSP was purchased from Ze Lang Nanjing Medical Technology
Co., Ltd (Nanjing, China). Heparan degrading enzyme assay kit
was obtained from Takara (Japan). The heparin was obtained from
solarbio biology (China). The 7-AAD and annexin V for apoptosis
test was purchased from Biolegend (US). The adult bovine aortic
endothelial (ABAE) cells were kindly provided by Dr. zhang (Nankai
university). ABAE cells were cultured in DMEM supplemented with
10% fetal bovine serum (FBS), 100 U/ml penicillin, and 100 pg/ml
streptomycin (Hyclone, USA) at 37°C in a humidified 5% CO-
incubator.

Surface plasmon resonance assay

The kinetics and specificity of the binding reactions of bFGF - PVSP
and bFGF - heparin were performed on surface plasmon resonance
apparatus (BlAcore X100). Briefly, the first step is the
immobilization of bFGF on CM5 sensor chips using the amine
coupling kit according to the procedure described by the
manufacturer. PBS was used as a mobile phase at a flow rate of 10
pl/min. The carboxymethyl dextran matrix of the sensorchip surface
was first activated with an injection of 70 pl of the EDC: NHS
reagent mixture. Then, 70 pl of bFGF at 100 pyg/ml in 10 mM
NaOAc (pH 5.7) was injected and allowed to covalently couple to
the sensor surface. Finally, the unreacted sites were blocked by
injection of 70 pl of 1M ethanolamine (pH 8.5). A response unit of
~6580 Ru was achieved after immobilization. The second step was
to determine the binding affinity for bFGF of PVSP. This was done
by injecting 15 pl PVSP at different concentrations (0.25, 0.5, 1
pg/ml) in PBS buffer onto the immobilized bFGF chip. For evaluated
the ability of PVSP inhibition of heparin bind to bFGF, 10 pg/ml
heparin was added to the chip after PVSP was added and bound to
the chip. To correct for nonspecific binding and bulk refractive index
changes, a blank channel (FC2) without heparin or PVSP was
employed as a control for each experiment. All binding interactions
were recorded in real time and the blank channel readings were
subtracted from the results before analysis. Changes in mass due
to the binding response were recorded as resonance units. All
binding experiments were done at 25°C with a constant flow rate of
10 pl/min HBS - EP. The sensor chip surface was regenerated by
an injection of 10 pl of 15 mM HCI plus 0.5 M NaCl and then
switched to PBS in between experiments. For determination of
association and disassociation rate constants, the real - time
binding capacity was recorded. For direct assessment of
dissociation constants, the association phase was allowed to
proceed to equilibrium. Binding kinetics and stoichiometry were
determined by surface plasmon resonance using the BIACORE
software.

Solid phase heparan-binding assay

Heparan degrading enzyme assay (code MK412, TAKARA) was
applied to research the competitive binding between bFGF - PVSP
and bFGF - heparan sulfate with modified protocol. Briefly, 50 pl of
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different concentrations of PVSP (10, 50 pg/ml) and 50 pl of
biotinylated heparan sulfate were mixed and transferred into the
well of the cell binding domain of bFGF immobilized 96 - well
microtiterplate. Then the microtiterplate was incubated at 37°C for
15 min. After discarding the reaction solution and washing, 100 pl of
avidin POD conjugate was added into each well and incubated at
37°C for 30 min. Then, 100 pl of POD substrate was added into
each well and performed color development at room temperature
for 5 to 15 min. Then 100 pl of stop solution was added into each
well. After zero adjustment of microplate reader by using distilled
water as zero control, the absorbance of each well was measured
at 450 nm. The inhibition ratio was determined by using biotinylated
heparan sulfate without mixed with PVSP as a control.

Proliferation assays

ABAE cells were seeded in 24 - well plates at 0.4 x 10* cells/ well
and incubated with the presence of 10, 100, 200 pg/ ml PVSP and
control (absence of sample) groups, respectively. At 24, 48, 72, 96
and 120 h after treatment, the cells were collected respectively. The
cell number was counted with a hematocytometer and the viability
of the cell was checked by trypan blue exclusion assay.

Analysis of apoptosis

ABAE cells were seeded in 6 - well plates at 2x10° cells/ well for
24h. After the supernatant was discarded, blank medium and 10,
100, 200 pg/ ml PVSP were added separately to the different wells
of the plates. After 48 hours treatment, the Cells were collected,
followed by stained with 7-AAD/ Annexin V-FITC (Biolegend, US).
Then, Cell apoptosis was analyzed by flow cytometry (BD
FACSCalibur, USA).

Wound-healing assay

ABAE cells were seeded in 24 - well plates at 2 x 10° cells/ well and
allowed to grow for 1 day before being exposed to PVSP (10,
50upg/ml, respectively). For the control group, an equal volume of
DMEM was added into the medium. A linear wound about 1mm in
width was made by scratching the monolayer cell culture with a
pipette tip after cell confluency. Then DMEM with different
concentration of PVSP and 10% FBS were added for cell growth.
Wound healing of the cells was observed under phase-contrast
microscope after 0 and 48 h.

Statistical analysis

All experiments were repeated three times, with three replicate
samples in each experiment. Single-factor ANOVA was used for
data analysis. Statistical calculations were performed by SPSS
10.0. All values are expressed as means + SD.

RESULTS
Inhibited bFGF-heparin binding

In order to assess the ability of PVSP binding to bFGF in
vitro, we exploited the surface plasmon resonance assay.
As shown in Figure 1A, PVSP was capable of binding to
bFGF that had been immobilized on CM5 chip in a dose -
dependent manner. Solid phase combined assay was
used to ensure a competitive binding between
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Figure 1. PVSP inhibited the bFGF-heparan binding. A, Surface plasmon resonance analysis. B, solid phase
combined assay. PVSP bind to bFGF and the binding ability was concentration-dependent. Moreover, PVSP
concentration-dependently inhibited the binding of biotinylated heparan sulfate to CBD-bFGF immobilized on

microtiterplate. PVSP: Prunella vulgaris sulfated polysaccharides.

bFGF - PVSP and bFGF - heparan sulfate.

Our results indicated that PVSP significantly inhibited
the binding of heparan sulfate to the cell binding domain
of bFGF that had been immobilized on microtiterplate in a
dose - dependent manner (Figure 1B).

Inhibited the proliferation of endothelial cells

The growth curves showed that PVSP significantly
inhibited the proliferation of ABAE cells in dose - and time
- dependent manner. On 120 h after the addition of PVSP,
the cell numbers were 7155 cells/well for control group,
5572 cells/well for 10 pg/ml PVSP, 2133 cells/well for 100
pg/ml PVSP and 500 cells/well for 200 pg/ml PVSP,
respectively.

There was significant difference between the treatment
and control groups (Figure 2).

Promoted the apoptosis of endothelial cells

The percentage of apoptosis in ABAE cells showed
significant difference between PVSP - treated cells and
control cells (P<0.01) (Figure 3). The percentage of
apoptosis of cells was 11.7 £ 0.5; 17.2 £ 0.78 and 19 %
0.8% in the group treated with 10, 100 and 200 pg/ml
PVSP respectively, which was much higher than that of
the control group (3.9 £ 0.7% ) (P<0.01).

Inhibited the migration of endothelial cells

We investigated the effect of PVSP on ABAE cells

migration using a monolayer wound-healing assay.
Considering the major influence of PVSP on ABAE cells
apoptosis, we utilized lower concentrations of PVSP (10
and 50 pg/ml) in this study. We found that PVSP exerted
inhibitory effect on the migration of ABAE cells even at
concentration of 10 pg/ml. Moreover, no obvious
migration was observed after 48 h with the treatment of
50 pg/ml PVSP. Our result suggested that PVSP could
dramatically down regulate ABAE cell migration in a dose
- dependent manner compared to untreated controls
(Figure 4).

DISCUSSION

Sulfated oligosaccharides or sulfated polysaccharides
play important roles in biological process (Kovensky,
2009; Wu, 2006). They are capable of binding to protein
by the interactions mediated by their highly specific
sequences (heparin - antithrombin, heparan sulfate -
growth factors / herpes simplex virus) or by electrostatic
interaction between sulfate groups and cationic sites of
proteins. Sulfated polysaccharides are involved
inmultiplies pharmacological effects, such as the control
of proteolysis, the modulation of the angiogenesis and
the oligomerisation of cell growth factors.

Large amount of research work have shown that the
polysaccharides was considered to be the major content
of P. vulgaris, which possesses immunoregulatory, anti -
inflammatory and anti - virus activity (Fang et al., 2005;
Ryu et al., 2006; Xu et al., 1999; Brindley et al., 2009).
Some researches have shown that PVSP have the anti -
tumor activity (Choi et al., 2010; Fang et al., 2005; Feng
et al., 2010). PVSP is a close structural homologue of
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Figure 2. PVSP suppressed the proliferation of endothelial cells. Endothelial cell proliferation
was assessed by trypan blue exclusion assay. Data were expressed as means + SD (n=3). The
number of cells was reduced after administrated with PVSP. PVSP: Prunella vulgaris sulfated

polysaccharides.
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Figure 3. PVSP induced apoptosis of endothelial cells. The apoptosis was assessed by flow
cytometry. The level of apoptosis cells increased after administrated with different concentration of
PVSP for 48h. Endothelial cell apoptosis is shown as % of all collected cells. Data were expressed as
means * SD (n=3). PVSP: Prunella vulgaris sulfated polysaccharides. *: P<0.01 versus control.
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Figure 4. Wound-healing assay of PVSP on endothelial cells. Phase-contrast microscope images
were shown (100x). Indicated times (0 h, 48 h) depict the duration after scratching of the
monolayer. a: Control group, b:10 pg/ml PVSP, c: 50 pg/ml PVSP. PVSP: Prunella vulgaris
sulfated polysaccharides.

endogenous sulfated polysaccharides such as heparin
and heparan sulfated. The hypothesis is that the binding
of PVSP to bFGF may inhibit the binding of bFGF to
heparan. Surface plasmon resonance assay and solid
phase heparin - binding assay showed that PVSP is
capable of binding to bFGF in a concentration- dependent
manner. Moreover, PVSP can dose - dependently inhibit
the binding of heparin to bFGF.

FGF influence the proliferation, apoptosis and migration
of endothelial cells (Drinane et al., 2006; Tao et al., 2010).
Human neutralizing FGF antibody is able to inhibit the
proliferation, migration and tube formation of human
umbilical vein endothelial cells (Drinane et al., 2006).
Plasminogen activator inhibitor - 1 is capable of inducing
high levels of apoptosis and inhibiting the migration and
proliferation of arterial endothelial cells via inhibiting FGF-
2 functions (Tao et al., 2010). In this work ABAE cells
were used to assess the influence of PVSP on
endothelial cells. Dramatically, PVSP inhibited the
proliferation and migration of ABAE cells. Moreover,
PVSP induced the apoptosis of ABAE cells.

In conclusion, PVSP influence the proliferation,
apoptosis and migration of endothelial cells, which can be
ascribed to the abilities of binding to bFGF and inhibiting
the binding of bFGF - heparan. It indicated that PVSP
could potential to be used as adjuvant therapy medicines
to the treatment of malignant tumors.
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