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Platycodin D (PD) was an active component that is mainly isolated from the roots of Platycodon grandiflorum, and it has
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been suggested to exhibit anticancer activities. In this study, anti-B16F10 melanoma metastasis activities of PD and related

antimetastasis mechanisms were investigated in vitro and in vivo. In vitro, PD altered the cytoskeleton of B16F10 cells and

inhibited B16F10 cell viability, as well as cell adhesion on human umbilical vein endothelial cells (HUVECs), cell migration,

cell invasion. Moreover, PD inhibited the ability of HUVECs proliferation and tube formation. Further more, PD exhibits

non-toxic and good biocompatibility under certain concentration(20 ug/mL). In vivo, PD (3 and 6 mg/kg) inhibited B16F10

cells lung metastasis and tumour angiogenesis in an experimental lung metastasis mouse model. In addition, PD

significantly decreased the levels of matrix metalloproteinases (MMPs) and increased the serum levels of cytokines

includinginterleukin-12 (IL-12), tumour necrosis factor-a (TNF-a), and interferon-y (IFN-y) in experimental mice. Taken

together, these results clearly indicated that PD inhibited B16F10 melanoma metastasis via antiangiogenic activity.

1 Introduction

Melanoma is a malignant cancer that originates from melanocytes,
specialised pigmented cells found in the epidermis.l As the most
aggressive form of skin cancer, the incidence of melanoma is
increasing worldwide, and it is also a frequent cancer found in
adolescents and young adults. Among cancers in patients under 40
years of age, the incidence of melanoma is highest for males and
second highest only to that of breast cancer for females. It is also
one of the most difficult cancers to treat” 3, and detection of the
highest risk of metastasis primary tumours is chaIIenging.4 B16F10 is
one of the B16 melanoma sublines, that demonstrates highly
metastatic characteristics, and it preferentially metastasises to the
lung following intravenous injection.5

Tumour metastasis is malignant cells spread from the primary
site to a remote location. It consists of a series of complicated
processes, including a loss of adhesion between cells and the
proteolytic degradation of the extracellular matrix (ECM), entrance
into the bloodstream and arrest in circulation, invasion into new
organs and subsequent growth.6 This concerning growth is the most
harmful aspect of cancer.” Angiogenesis is necessary for aggressive
tumour growth and metastasis.® ° Avascular tumours are severely
restricted in their growth potential because of the lack of a blood
supply. For tumours to develop in size and metastatic potential they
must make an “angiogenic switch” through perturbing the local
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balance of proangiogenic and antiangiogenic factors. Thus,
angiogenesis is a key point in the control of cancer progression. Its
inhibition represents a significant new approach to further improve
antiangiogenic and anticancer activity.m'lz

Modern medicine to cure cancer is highly hydrophobic (poor
bioavailability) and shows a lack of specificity to particular tumour
sites, causing severe toxicity to normal tissues and organs.” For
example, cisplatin is an anticancer clinical drug, and its toxic side
effects for kidney and other organ has been confirmed.™ Natural
products are safe and exhibit little side effects. It also has better
effects and lower cost in treatment. Thus, natural products have
received increasing attention in cancer treatment.”?” These
compounds can be clinically used on their own or in combination
with other natural products or drugs.lg Until recently, several
species of natural compounds have proven their therapeutic
potential in melanoma metastasis, including alkaloids, polyphenols,
vitamin-related compounds, terpenoids, peptides and herbal
extracts. *°

Platycodin D (PD, Figure 1) is a triterpenoid saponin isolated from
the roots of Platycodon grandif/orum.zo It possesses multiple
pharmacological activities including liver protection,21 anti-
obesity,22 anti-rheumatoid arthritis,?? anti-inflammatory,24 anti-

. . 25 . 26 . .27
nociceptive,” immunomodulatory,” anti-atherosclerosis,”” and
anticancer properties. The various anticancer activities can induce
apoptosis and inhibit proliferation, migration, invasion or xenograft
growth of human tumour cell lines, including hepatic,28'29
pulmonary,30 ovarian31, gastric,32 glioma,33 Ieukaemia,34’35
breast®®*” cancer cells, etc. Li et al.®® has reported that PD triggered

. . . 20
autophagy in a series of cancer cell lines and Luan et al.”" has
demonstrated that PD can significantly inhibit the growth of HCT-15
xenografts in mice. Moreover, it decreased tumour microvessel

and
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Fig.1 Chemical structure of PD.

density (MVD), a related mechanism of PD-mediated antiangiogenic
activity via the suppression of the activation of vascular endothelial
growth factor receptor 2 (VEGFR2)-mediated signalling pathway.
Chun et al.* found that PD inhibited MDA-MB-231 human breast
cancer cells migration, invasion and the growth of MDA-MB-231
xenograft tumours in BALB/c nude mice. The mechanisms of action
exerted by PD involved the down-regulation of EGFR and the
inhibition of EGF-induced activation of the EGFR, MAPK, and
PI3K/Akt pathways. Taken together, these reports suggested that
the ability of PD to suppress on tumour growth and metastasis was
associated with a tumour angiogenesis factor. Interestingly, PD
exhibits potential cytotoxicity in several cancer cell lines in vitro and
inhibits the effect on a carcinoma transplant solid tumour model in
vivo. However, thus far, information regarding the anti-tumour
metastasis and angiogenesis of PD in vivo is relatively limited. Given
the anti-tumour metastasis effect of PD on B16F10 melanoma in
vivo and in vitro, the present study was designed to investigate the
suppressive efficacy of PD in an experimental lung metastasis
mouse model and several cell models. This study aimed conducted
to demonstrate the anti-tumour metastasis activity of PD in a
B16F10 melanoma lung metastasis model and its potential tumour
angiogenesis molecular mechanism.

2 Materials and methods
2.1 Reagents, cell lines and animals

PD (Purity > 98%)was purified from the methanol extract of
Platycodon grandiflorum as described in our previous paper.40
Foetal bovine serum (FBS) was purchased from Gibco (BRL Co.
Ltd.USA), 3-(4,5-Dimethylthiazol-2-yl)-2,  5-diphenyltetrazolium
bromide (MTT) was purchased from Sigma (St. Louis, MO), actin
tracker green staining solution was obtained from Beyotime
Institute of Biotechnology (Nanjing, China). The Elisa kit was
purchased from R&D Systems (Minneapolis, MN, USA).
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B16F10 melanoma cell lines and human umbilical vein
endothelial cells (HUVECs) were purchased from the Type Culture
Collection of the Chinese Academy of Sciences (Shanghai, China).
The cells were cultured in DMEM, containing 10% FBS (v/v),
supplemented with penicillin and streptomycin routinely. Both
B16F10 and HUVECs were cultured at 37°C in a humidified
atmosphere containing 5% carbon dioxide (CO,).

Male C57BL/6J mice (6 - 8 weeks old) were purchased from Vital
River Laboratories (Beijing, China). Male SD mice (8 weeks old) were
purchased from Changchun Institute of Biological Products Co. Ltd.
(Changchun, China). Throughout the experiments, mice were
maintained in plastic cages on a 12h light/dark cycle and access to
food and water was ad libitum. Animal welfare and experimental
procedures were performed strictly in accordance with the care and
use of laboratory animals. The experiments were performed
according to the Guide for the Care and Use of Laboratory Animals
(Ministry of Science and Technology of China, 2006). All
experimental procedures were approved by the Ethical Committee
for Laboratory Animals of Institute of Special Animal and Plant
Sciences of Chinese Academy of Agricultural Sciences, Changchun
130112, China.

2.2 Cell viability assay

In this study, PD was dissolved in dimethyl sulfoxide (DMSO) and
diluted in DMEM, and then filtered using a 0.22-um membrane. The
effect of PD on B16F10 and HUVEC cell growth was performed using
the MTT assay.“ Briefly, exponentially growing B16F10 (1 x 10*
cells/well) and HUVEC (7 x 10° cells/well) cells were seeded onto 96-
well plates and incubated for 24 h in complete medium. After 24 h
incubation, the cells were treated with various concentrations of PD
(0, 5, 10, 20, 40, 80 ug/mL for B16F10 and 0, 5, 10, 20, 40, ug/mL for
HUVECs) for 24h, and MTT (0.5%, 20 ulL) was then added to each
well and incubated for an additional 4 h at 37°C. The formazan
crystals were dissolved in DMSO (150 uL), and the absorbance at
490 nm was measured using a microplate reader (BioTek Epoch,
BioTek, Winooski, VT, USA)

2.3 Measurement of cell adhesion

A sensitive ELISA method based on the cellular uptake of Rose-
Bengal stain was used to measure the effect of PD on the adhesion
of B16F10 and human umbilical vein endothelial cells (HUVECs).*
Briefly, HUVEC cells were seeded onto a 96-well plate and grown in
37°C for 24 h to form a monolayer of cells. The cells were then
washed with DMEM containing 10% FBS. B16F10 cells suspension(5
x 10" cells/well, 200 uL) with or without PD (0, 5,10, 20 and 40
ug/mL) was added to the HUVECs and incubated at 37°C for 30min
in a 5% CO; incubator. Non-adherent cells were removed by DMEM
medium. Next, 0.25% Rose-Bengal (100 ul/well) was added and
incubated for 5 min at room temperature. The stain was removed
and the wells were washed twice with DMEM containing 10% FBS.
A solution of ethanol and PBS (1:1) was used to treat the 96-well
plate for 30 min to release the stain. The optical density at 570 nm
for each well was determined using an ELISA reader (BioTek Epoch,
BioTek, Winooski, VT, USA).

2.4 Morphological characteristics of B16F10 cells

This journal is © The Royal Society of Chemistry 20xx
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Sulforhodamine B staining assay was performed for further
morphological observation of B16F10 cells. Briefly, cells were
washed by PBS after PD treatment and fixed with 4%
paraformaldehyde, and then stained with the sulforhodamine B for
20 min. After the cells were washed by 1% acetic acid, the cells
were imaged under an inverted microscope. (Nikon eclipse Ti, Nikon,
Tokyo, Japan).

The filamentous actin (F-actin) cytoskeleton is a dynamic
structure that is necessary for the regulation of cell motility. FITC-
labelled phalloidin was used to detect the distribution of actin
filaments.”? To assess the effect of PD on the cell cytoskeleton,
B16F10 cells were seeded onto 24-well plates and incubated for
24h. After the PD (0, 5, 10, 20 and 40 ug/mL) solution was added to
the plates, all of the cells were further incubated at 37 °C for 24 h.
Next, the cells were rinsed with PBS, and the cells were fixed with
3.7% paraformaldehyde and permeabilised in 0.1% Triton X-100 in
PBS for 10 min. Phalloidin conjugated to FITC in a solution
containing 0.1% Triton X-100 in PBS and 5% BSA was added to stain
F-actin. After incubation for 60 min at room temperature, the cells
were extensively washed to reduce nonspecific interactions. The
nuclei of the cells were stained by DAPI. The cells were imaged
using a fluorescence microscope (Nikon eclipse Ti, Nikon, Tokyo,
Japan).

2.5 Cell migration assay

The wound healing migration assay was performed as previous
described.* B16F10 cells were seeded in a 6-well plate and
incubated for 24 h, wounding was performed by scraping through
the monolayer of cells with a 200 uL pipette tip. Cells were washed
twice with phosphate-buffered saline (PBS) to remove cell debris,
and then incubated with different concentrations (0, 5, 10, 20 and
40 ug/mL) of PD for 24 h. The wound was imaged at 0 and 24 h
under an inverted microscope. (Nikon eclipse Ti, Nikon, Tokyo,
Japan). Image analysis was performed using Image-ProPlus 6.0
software.

2.6 Cell invasion assay

The B16F10 cells invasion assay was performed using transwell
chambers as previously described.” Serum-free DMEM diluted
matrigel matrix (50 ug/well) was placed in the upper chamber of
the transwell chamber (pore size of 8 um), and incubated for 2 h
at37°C in a carbon dioxide incubator for gelling. B16F10 cells (5 x
10 cells/well) were seeded on the upper chamber in DMEM
containing 2% FBS and the concentration of PD was 0, 5, 10, 20 and
40 pg/mL. A solution of 10% FBS in DMEM was placed in the lower
well. The cells were incubated at 37°C for 24 h. Non-invasive cells
on the upper surface of the membrane were removed by wiping
with cotton swabs. The cells that invaded the underside of the
insert membrane were fixed with 4% paraformaldehyde and
stained with crystal violet. The migrated cells were observed and
quantified under a microscope (Nikon eclipse Ti, Nikon, Tokyo,
Japan).

2.7 Tube formation assay

The tube formation assay was performed as previously described.”
Matrigel (BD Biosciences, San Jose, CA) was thawed overnight at
4°C. Next, 50 uL matrigel was coated to the pre-chilled 96-well
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plates per well, and then incubated at 37°C for 1h. HUVECs (5 x 10"
cells/well) were seeded on the matrigel and treated with various
concentrations of PD (0, 5, 10, 20 and 40 ug/mL). After incubation
for 5 h, the formation of HUVECs tubular structures was captured
using a microscope (Nikon eclipse Ti, Nikon, Tokyo, Japan). The tube
length was quantified using Image-ProPlus 6.0 software.

2.8 Haemolysis test

To evaluate the haemocompatibility of PD, the haemolysis test was
performed as previously described with some modifications.””
Arterial blood was obtained from healthy SD mice and erythrocytes
were separated from the plasma and lymphocytes by centrifugation
(3000 r/min, 5 min) at 4°C, washed three times with normal saline
and suspended in normal physiological saline at a haematocrit of
2%. Erythrocytes were used immediately after isolation. Next, 2.5
ml erythrocyte suspension and 2.5 ml medicated saline solution
were added to a 10-ml centrifuge tube. The final concentration of
PD was 5, 10, 20, 40 ug/mL, respectively. The negative and positive
controls were normal physiological saline and 0.2% Triton X-100.
The samples were incubated for a specific time period at 37 °C for
60 min. Next, the tube was centrifuged at 3000 r/min for 5 min.
Finally, the optical density (OD) was obtained at a wavelength of
545 nm. Three paralleled samples were laid in each group. The
mean value of the three samples was obtained as the group OD
value. The haemolysis ratio (HR) was expressed as the percentage
and calculated according to the equation:

HR =( ODt-ODn )/(ODp -ODn ) x100%.

The ODt indicates the OD value of the tested group. The ODn and
ODp are the OD values of the negative and positive control groups,
respectively. Less than 5% haemolysis rate was regarded as a
nontoxic effect level in this experiment.

2.9 Experimental lung metastasis assay

The tumour lung metastasis assay was established as previously
described.”® B16F10 cells were cultured with DMEM medium
containing 10% FBS. After collection of the cells, the cells were
resuspended with normal saline to the appropriate concentrations.
Next, 0.2 mL of the B16F10 cells suspension (5 x 10° cells) was
injected via the tail vein of the C57BL/6J mice. The animals were
randomly divided into five groups, including the normal control,
model control, positive control, PD high dose (6 mg/kg) and PD low
dose (3 mg/kg) groups, 6 mice per group. Normal and model mice
were administered with normal saline. The mice received
cyclophosphamide (CTX, 20 mg/kg) as a positive control.”’ The
successively intraperitoneal injection of drugs into the mice from
the day after tumour inoculation and the body weights were
monitored every two days. After 2 weeks of PD administration, the
mice were sacrificed and the number of B16F10 colonies present on
the surface of each group of lungs was determined by visual
inspection using a stereoscopic dissecting microscope.

The lung tissue samples were fixed in neutral 10% formalin for 48
h and embedded in paraffin and sectioned (7 um thickness) for
histology. The sections were stained with haematoxylin and eosin
(H&E) and examined using light microscopy (Nikon 90i, Nikon,
Tokyo, Japan).

2.10 Tumor angiogenesis assay

J. Name., 2013, 00, 1-3 | 3
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Tumour angiogenesis was surveyed using male C57BL/6J mice,
B16F10 cells (1 x 106) were injected intradermally into the ventral
skin.’® The animals were randomly divided into three groups,
including the model control, PD high dose (6 mg/kg) and PD low
dose groups (3 mg/kg). The model mice were administered with
normal saline. After 10 days of successive intraperitoneal injection,
the animals were sacrificed and the tumour was removed from the
skin and imaged using a stereo microscope (Leica MZ95, Leica
Instrument GmbH, Nussloch, Germany). The length of the tumour-
directed vessels was analysed using the Image-ProPlus 6.0 software.

2.11 ELISA

The serum was collected before the mice were sacrificed and
centrifuged twice at 4000 rpm for 10 min. The levels of IL-12, TNF-a,
IFN-y, MMP-2, and MMP-9 were determined using mouse enzyme-
linked immunosorbent assay (ELISA) kits according to the
manufacturer's instructions. The absorbance was measured at 450
nm in an ELISA reader (BioTek Epoch, BioTek, Winooski, VT, USA).

2.12 Statistical analyses

Statistical analyses were performed using SPSS 22.0 and GraphPad
Prism 6.0. All data were expressed as the mean % standard
deviation (S.D). Data were analysed using ANOVA with the Tukey
multiple comparisontest and Dunnett's multiple comparison test.
Differences were considered significant if p< 0.05 and extremely
significant if p< 0.01. All experiments performed in vitro were
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repeated three times. Statistical graphs were produced using
GraphPad Prism 6.0.

3 Results

3.1 Effect of PD on the viability of B16F10 melanoma cells and
HUVEC cells in vitro

In this study, the effect of PD on B16F10 and HUVECs cell viability
was evaluated using MTT assay. B16F10 and HUVEC cells were
exposed to various concentrations of PD for 24 h. The
concentrations were 0, 10, 20, 40 and 80 ug/mL for B16F10 cells
and 0, 5, 10, 20 and 40 ug/mL for HUVEC cells. These results
showed that PD exhibited cellular toxicity in a concentration-
dependent manner (Figure 2A and 2B).

3.2 Effect of PD on B16F10 melanoma cells adherence to HUVECs

The measurement of adherence was determined on the uptake of
the Rose Bengal stain. As shown in Figure 2C, high concentrations of
PD (20 and 40 ug/mL) strongly reduced the adhesive capacity of
B16F10 cells. The number of adhesive cells was obviously decreased
(20 and 40 ug/mlL), and the inhibitory effect was at a low
concentration of PD (5 and 10 ug/mL). Accordingly the inhibitory
rates were 13.84, 17.55, 75.19, and 97.07%, respectively.
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Fig.2 The effect of PD on cell viability, adhesion and morphological changes. (A) PD inhibited the viability of B16F10 cells in MTT assay. The
results of the control were normalised to 100%, and the results from PD-treated cells were expressed as the % of control,*p <0.05, **p <
0.01. (B) PD inhibited the viability of HUVECs in the MTT assay. (C) PD showed inhibition effect on B16F10 cells adhered to HUVECs. (D) PD
changed B16F10 cell morphology and actin cytoskeleton. B16F10 cells were stained with sulforhodamine B after cells were incubated with
different concentrations of PD(magnification, x200). Actin filaments were stained by FITC-conjugated phalloidinand (green). DAPI (blue)

was applied to counter-stain the nucleus (magnification, x400).

3.3 Effect of PD on the morphological characteristics of B16F10
cells

The ability of cells to form colonies is positively correlated with
proliferation and metastatic potential. After exposure to PD for 24 h,
as shown in (Figure 2D-sulforhodamine B), untreated B16F10 cells
formed sizeable colonies and showed rapid proliferation. However,
PD-treated B16F10 cells showed a reduced efficiency to form
colonies.

To confirm the cellular morphological characteristics of PD, the
change in the cytoskeletal organisation of B16F10 cells was further
investigated. Fluorescent images were visualised using phalloidin-
FITC staining (Figure 2D-phalloidin-FITC). DAPI (blue) was used to
stain cell nuclei for clear observation. Figure 2D (green) showed a
similar tendency as the sulforhodamine B staining assay. Normal
control cells exhibited a normal cytoskeleton (green long bundles of
stress fibres consisting of actin filaments). There was no significant
difference between control cells and cells with low concentrations
of PD (5, 10 ug/mL). However, PD (20, 40 ug/mL)-treated cells was
confirmed to demonstrate less organised actin fibres. PD (20, 40
ug/mL) exhibited a significant decrease in the number of filopodia
and lamellipodia compared to the number of PD-treated cells.
Furthermore, PD treatment reduced filopodia and lamellipodia
formation in a dose-dependent manner.

3.4 Effect of PD on migration of B16F10 melanoma cells

Effect of PD on cell migration was investigated using the wound-
healing assay. We observed that B16F10 melanoma cells moved
gradually from the edge of the wound to the blank area during the
24 h incubation, and the width of the wound in the PD-
administered groups was wider than normal control. PD inhibited
the migration of B16F10 melanoma cells in a concentration-
dependent manner (Figure 3A).

3.5 Effect of PD on invasion of B16F10 melanoma cells

To investigate whether PD affects the invasion ability of B16F10
melanoma cells, an in vitro transwell invasion assay system was
used. As shown in Figure 3B, the number of invaded B16F10 cells
was decreased with an increase in PD concentration. The inhibitory
rates of PD at 5, 10, 20, and 40 ug/mL were 25.24, 46.60, 57.28, and
75.73%, respectively.

3.6 Effect of PD on tube formation of HUVECs

To examine the effect of PD on crucial functions in blood vessel
formation, we next investigated whether PD decreased the
formation of tubes by HUVECs in vitro. Our results showed that PD
remarkably inhibited HUVECs tube formation. Tube formation was
imaged and length of the tubes was determined (Figure 3C).
Treatment with PD resulted in 1.41, 14.84, 70.44, and 100%

This journal is © The Royal Society of Chemistry 20xx

inhibition of tube formation at concentrations of 5, 10, 20, and 40
ug/mL, respectively.
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Fig3. The effect of PD on B16F10 metastasis and HUVECs tube
formation in vitro combined with the haemolysis test. (A) PD
showed an obvious inhibitory effect on B16F10 cells migration in
the wound-healing assay. Based on the width of the wound at Oh,
the relative width at 24h was calculated using Image-Pro Plus 6.0
software. (B) PD inhibited B16F10 cells invasion. The invaded cells
were quantified and stained, and the relative invasion was
quantified. (C) The HUVEC tubular structures were imaged under a
microscope at x200 magnification. Tube networks were quantified
using Image-Pro Plus 6.0 software. *p <0 .05, Hp < 0.01. (D)
Haemolysis test results of various concentrations of PD.
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3.7 Effect of PD on haemolysis test

Haemolysis rate is an important parameter for evaluating blood
compatibility. Less than 5% haemolysis was regarded as a nontoxic
effect level in this experiment.51 Nearly no haemolysis was
observed for the negative control (-) and complete haemolysis was
observed for the positive control (+). The HR % of PD at different
concentrations (5, 10, 20 ug/ml) was 0.06, 0.61, and 4.57%,
respectively. The colour of the high concentration of PD group (40

ug/ml) turned red (Figure 3D) and the haemolysis rate was 101.11%.

Thus, the results of the haemolysis test demonstrated that PD
exhibited good biocompatibility under certain concentration (20
ug/mL ) and can act as a promising platform for cancer treatment.

3.8 Effect of PD on B16F10 experimental lung metastasis.

Intraperitoneal injection of PD (3 and 6 mg/kg) for two weeks
resulted in a significant decrease in the number of metastatic
nodules on the lung surface compared to the model group (Figure
4A). The metastatic nodules on the lung surface were quantified
(Figure 4B). These results showed that the weights of the lung were
associated with the degree of tumour metastasis (Figure 4C). The
number of lung metastasis nodules was 18.33 and 22.00 in mice
administered with PD at 3 and 6 mg/kg, respectively. In the model
and CTX control groups, the number was 125.67 and 13.67,
respectively. This amount was decreased to a different extent in the
CTX and PD treatment groups. The inhibitory rates of PD at 3 and 6
mg/kg on metastasis were 82.49 and 85.41%, respectively.

A B

Normal

- N
cTX ,%.s

metastasis nodules

PD 6mg/kg | gg: \ﬂ@ . q,‘,
. - & Model CTX 3 [
PD 3mg/kg %1;‘ Q*! ;.: * “3} ﬂ» e
C

Lung weight (g)

Normal Model CTX 3 6
PD (mg/kg)

Fig. 4 The effect of PD on B16F10 melanoma cells experimental lung
metastasis. B16F10 cells were injected into the tail vein of C57BL/6)
mice. PD was administered with an intraperitoneal injection at 3
and 6 mg/kg for two weeks consecutively. Normal saline was
administered to normal and model mice with the same schedule,
and CTX was administered to positive mice. (A) After the mice were
sacrificed, the lungs were excised, and metastatic nodules on the
lung surface were imaged. (B) The metastatic nodules on the lung
surface were quantified. (C) The lung weight was determined. (D)
Histopathology of lung of metastatic B16F10-bearing animals (x200).
Lungs were fixed in 10% neutral formalin after the mouse were
sacrificed, 7 um sections were obtained and stained with H&E,
arrowheads indicate the metastatic foci.##p < 0.01 vs Normal, Mp<
0.01 vs Model.
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Fig. 5 PD suppressed tumour angiogenesis. (A) Peritumoural blood
vessels were imaged under a microscope at x 6.3 magnification.
Representative images of the mouse blood vessels directed to the
tumor. (B) Length of the blood vessels was estimated using Image-
Pro Plus 6.0 software. Mp <0.01

The results from histological examination revealed the number of
metastasis in lung sections of B16F10-bearing mice, while this
number was dramatically reduced after CTX and PD treatment for
two weeks (Figure 4D).

3.9 Effect of PD on tumour angiogenesis

C57BL/6) mice were used to evaluate the anti-angiogenesis effects
of PD in B16F10 tumour-bearing mice. Ten days after successive
intraperitoneal injection of PD, all mice showed well-developed
tumours in the skin and the vessels were observed clearly (Figure
5A). The length of the peritumoural blood vessels were significantly
reduced by treatment with PD (Figure 5B).

3.10 Effect of PD on cytokines and MMPs

To assess the effects of PD on cytokines and MMPs in the tumour
microenvironment, an ELISA assay was performed to determine the
serum levels of IL-12, TNF-a, IFN-y and MMPs (Figure 6). Compared
with the model group, the levels of IL-12and IFN-y were significantly
increased and the level of TNF-a was slightly elevated in the PD-
treated group (p<0.05).These results indicated that PD may exert
anti-metastasis effects by regulating these cytokines.

According to the serum levels of MMPs, we found that MMP-2
and MMP-9 consisted of a portion of factors involved in PD
inhibition of tumour metastasis. The concentration of MMP-2 was
53.18, 61.58 and 101.88 ng/mL in the 3 mg/kg PD group, 6 mg/kg
PD group, and model mice, respectively. The concentration of
MMP-9 was 16.76, 18.78 and 36.13 ng/mL in the 3 mg/kg PD group,
6 mg/kg PD group, and model mice, respectively. ELISA data
indicated that PD decreased the expression of both MMP-2 and
MMP-9 compared to the model mice.

This journal is © The Royal Society of Chemistry 20xx
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Fig.6 Effects of PD on the serum levels of cytokines and MMPs. The
serum was collected after PD treatment for two weeks on B16F10-
tumor bearing mice. The serum levels of IL-12, TNF-a, IFN-y, MMP-2
and MMP-9 were measured using an ELISA assay. Data were
presented as the mean + SD, **p< 0.01, *P<0.05.

4 Discussion

Cancer is a major public health problem worldwide. With
respect to skin cancer, malignant melanoma is the most
dangerous type of skin cancer; it is a highly metastatic cancer
and has a poor prognosis once metastasis has occurred.”” The
recent increase in the prevalence of melanoma and the lack of
effective treatments for metastatic disease make it one of the most
devastating malignancies. Traditional treatments no longer meet
the requirements for quality of life, particularly considering their
serious poor bioavailability and side effects. Thus, development of
agents strategies malignant melanoma
metastasis is a priority and an important global medical issue.

novel and for
There is a need to explore new drugs to improve survival and

quality of life.

PD, a natural agent extracted from Platycodon grandiflorum,
exhibits a wide spectrum of pharmacological properties and has
been shown to be a promising anticancer drug. In a previous study,
PD has been confirmed to inhibit the proliferation and migration of
various cancer cell lines in vitro. In the current study, visible
metastasis inhibition in B16F10 melanoma after PD treatment was
observed by experimental lung metastasis in vivo. This effect of PD
is likely due to its anti-angiogenesis and anti-invasion activity. MTT
assay results indicated that HUVECs are more sensitive to PD than
B16F10 cells.

In addition, little difference was presented in mice between 3
and 6 mg/kg of PD group, but the antimetastasis and antiangiogenic
activity of PD in vitro occurred in a concentration-dependent
manner. A potential reason was that the mice received a relatively
small dose (3 and 6mg/kg) of PD, and the metabolism of absorption

This journal is © The Royal Society of Chemistry 20xx
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and distribution presented little difference in vivo. Thus, low dose
(3mg/kg) of PD was a best choice to treat malignant melanoma in
this condition.

Tumour cell migration and invasion are critical steps in tumour
progression and metastasis. Cell motility involves the formation of
cell protrusions known as filopodia and lamellipodia. Such
protrusions are known to play an important role in the machinery
of cell movement as a result of actin polymerisation and
cytoskeletal rearrangement. The filamentous actin (F-actin)
cytoskeleton is a dynamic structure that is necessary for regulating
cell functions such as cell motility, adhesion and internal
architecture. The results showed that B16F10 cells exposed to PD
may exhibit cytoskeletal disruption and cellular membrane
dysfunction. The results revealed that PD dramatically inhibited the
migration and invasion of B16F10 melanoma cells.

Angiogensis is an essential component of tumour metastasis. The
present data proved that PD exhibited antiangiogenic activity via
the tube formation assay in vitro and tumour angiogenesis in vivo.
Haemolysis of the blood is an important problem associated with
the bioincompatibility of materials. Haemolysis result means that
PD will not lead to severe haemolysis at an appropriate dose.

Cytokines in the tumour microenvironment affect tumour growth
and metastasis. IL-12 is an inflammatory cytokine that induces IFN-y
production from T lymphocytes and NK cells. It exhibits antitumor
and antimetastatic biological effects.” In addition, IL-12 acts as an
indirect inhibitor of angiogenesis.”® TNF-a is a key cytokine in the
tumour microenvironment involved in tumour progression.ss IFN-y
is one such proinflammatory cytokine that plays an important role
in immune responses to tumours, and it has pleiotropic effects in
the tumour microenvironment, including the inhibition of cell
proliferation and angiogenesis.56 Both TNF-a and IFN-y have been
shown to affect blood vessel endothelial cells and inhibits
proliferation and migration.57The present results showed that the
serum levels of IL-12, TNF-a and IFN-y were remarkably restored
and enhanced after PD treatment compared with those in the
model group. Interestingly, in splenocytes obtained from the
HBsAg-immunised mice, PD could also significantly enhanced the
concentration of cytokines IL-2 and IFN—y.18 In a previous study, PD
exhibited the ability to modulate the secretion of TNF-a, and an
increase in TNF-a production by PD treatment may stimulate TNF-a
synthesis or inhibit the degradation of TNF-amRNA.*% Taken
together, these data indicated that PD might increase the level of
cytokines in the tumour microenvironment of B16F10 tumour-
bearing mice by promoting cytokine release. The ability of cancer
metastasis is related to the migration of cancer cells into and out of
blood vessels to form a new metastatic colony. Angiogenesis is
closely related to tumour metastasis and this process is related to
the tumour microenvironment, and is mediated by cytokines and
proteases MMPs. Particularly, MMP-2 and MMP-9, which play a
vital role in the metastasis of cancer.”> ® MMPs mediate invasion
and tumour metastasis by providing a mechanism through which
tumour cells can traverse basement membranes, thereby gaining
access to blood and lymphatic vessels. In the present study, CTX
and PD significantly reduced the serum levels of MMP-2 and MMP-
9 in B16F10-bearing mice. Coincidentally, following a tumour
xenograft nude mice were administered of CTX, and the levels of
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MMP-9 were significantly reduced compared with the control
group.“ We assumed that the effect of PD on MMP-2 and MMP-9 is
responsible for the inhibitory activity of PD on B16F10 melanoma
metastasis.

Conclusions

In conclusion, the present data demonstrated that PD inhibits the
migration and invasion of B16F10 melanoma cells via anti-
angiogenic activity. The findings in the present study indicate that
PD has the potential to be an efficient anticancer drug in the
treatment of metastatic malignant melanoma.
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Platycodin D inhibits B16F10 melanoma metastasis via antiangiogenic activity
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