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Paris saponin VII inhibits metastasis by modulating
matrix metalloproteinases in colorectal cancer cells
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Abstract. Metastasis is the main cause of mortality of
patients with cancer-related disease. Targeting the process
of metastasis has been proposed as a potential strategy in
cancer treatment. Trillium tschonoskii Maxim., a traditional
Chinese medicine, is used for the treatment of numerous
diseases, including cancer. The current study aimed to
determine the anti-metastatic effect of Paris saponin VII (PS
VII), which was extracted from T. tschonoskii Maxim., using
SW620 and LoVo cells, two human metastatic colorectal
cancer (CRC) cell lines. The present study conducted cell
attachment, wound healing and migration assays to detect
the anti-metastatic effects of PS VII on colorectal cells. In
addition, gelatin zymography assay and western blot analysis
were used to detect the possible mechanisms involved. The
results of this study demonstrated that PS VII significantly
suppresses the viability, attachment, migration and invasive
abilities of CRC cells in a concentration-dependent manner.
In addition, PS VII reduced the expression levels and activity
of matrix metalloproteinase (MMP)-2 and MMP-9. These
data indicate that PS VII reduces the metastatic capability
of CRC cells, possibly via the downregulation of the expres-
sion and activity of MMP-2 and MMP-9. These results
demonstrate a novel therapeutic potential for PS VII in
anti-metastatic therapy.
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Introduction

Colorectal cancer (CRC) is one of the most prevalent cancers
worldwide (1). Although the treatment of CRC has improved,
the mortality rate of CRC patients remains high. The first
course of treatment for primary CRC is surgical resection
and adjuvant chemotherapy; however, once metastasis occurs
it is almost incurable. Previous studies have determined that
90% of mortalities due to cancer are associated with metas-
tasis (2,3). In addition, metastasis is the most common cause of
mortality in patients with advanced stage CRC (4). Although
irinotecan, oxaliplatin and fluorouracil-based chemotherapy
regimens have improved the survival rate of patients with
metastatic CRC in the last decade (5), there remains a medical
requirement for more effective and well-tolerated therapies for
CRC.

An increasing number of studies suggest that there
are numerous natural compounds which act as cancer
preventative and therapeutic agents, in addition to multiple
prescription drugs that are derived from natural plant
species (6-8). Trillium tschonoskii Maxim. is a perennial
herb belonging to the Trilliaceae family, which is found in
mid-western China (9). T. tschonoskii Maxim. has tradition-
ally been used by the residents of China for the treatment of
a number of conditions, including hypertension, headache,
neurasthenia, giddiness, cancer and for ameliorating pain.
Previous studies have demonstrated that numerous bioac-
tive compounds, including steroidal saponins and steroidal
glycosides, are found in a number of species in the Trillium
genus, including Trillium erectum (10,11), Trillium kamts-
chaticum (12) and T. tschonoskii. A previous study extracted a
steroidal saponin, Paris saponin VII (PS VII), from T. tschono-
skii and evaluated its growth-inhibitory effect on HT-29 and
SW-620 cells in a murine xenograft tumor model. In addition,
the protective effects of PS VII against AOM/DSS-induced
colitis-associated carcinogenesis were investigated in ICR
mice.

In the present study, the anti-metastatic activities of PS VII
were investigated in two metastatic CRC cell lines. The
present study aimed to explore the molecular mechanisms for
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the effects of PS VII on metastatic colorectal cancer, in the
hope to provide a basis for the future development of PS VII
as a novel anti-colorectal cancer agent, for both primary and
metastatic diseases.

Materials and methods

Materials and chemicals. PS VII, with a purity of >99%, was
isolated from the root and rhizome of T. tschonoskii Maxim.
which was obtained from the Qinba Mountains (Ankang,
China) (13). The chemical structure of PS VII is shown in Fig. 1.
PS VII was dissolved in dimethylsulfoxide (DMSO) at 1 M and
stocked at -20°C in aliquots. Trypan blue, Triton X-100, pyru-
vate, penicillin G and streptomycin were obtained from Sigma
(St. Louis, MO, USA). RPMI-1640 and fetal bovine serum (FBS)
were purchased from Corning Inc. (Corning, NY, USA). Rabbit
polyclonal anti-MMP-2 and MMP-9 antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).
Matrigel was purchased from BD Biosciences (Franklin Lakes,
NIJ, USA). Materials and chemicals for electrophoresis were
obtained from Bio-Rad Laboratories (Hercules, CA, USA). All
other chemicals were of analytical reagent grade and purchased
from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China).

Cell line and culture conditions. SW620 and LoVo human
colon carcinoma cell lines [American Type Culture
Collection (ATCC), Rockville, MD, USA] were cultured in
RPMI-1640 medium, and human umbilical vein endothelial
cells (HUVECs; which were supplied by Prof. Zhou Siyuan,
Department of Pharmacology) were cultured in Dulbecco's
modified Eagle's medium. For cell maintenance, the basal
medium was supplemented with 10% FBS, 100 U/ml penicillin
and 100 U/ml streptomycin. The solvent control contained an
equivalent amount of DMSO corresponding to the highest
concentration of PS VII that was used.

Cell viability assay. The effects of PS VII on cell viability
were determined using an MTT assay. Cells were seeded
in a 96-well plate at a density 5,000 cells per well and
incubated with or without PS VII for 24 h at 37°C. After
incubation, 20 ul MTT solution (5 mg/ml) was added to each
well and the plate was incubated for a further 4 h at 37°C.
The supernatants were aspirated carefully and 200 1 DMSO
was added, and then the plate was subjected to vibration for
20 sec. The optical density (OD) of the cell suspension was
measured at a wavelength of 490 nm using a microplate
reader (iMark model 680; Bio-Rad Laboratories). The
inhibition rate was calculated using the following formula:
Inhibition = (1-OD;eyument group’ODPeontrol growp) X 100. All experi-
ments were performed in triplicate.

Cell-matrix and cell-cell attachment assays. Cells contained
in dishes were pretreated with or without PS VII (0.3 and
1 uM) for 24 h. Following pretreatment, the cells were detached
from the dishes via incubation with 15 mM EDTA, washed
twice with phosphate-buffered saline (PBS) and once with
serum-free medium (SFM), counted and seeded into 96-well
plates at a density of 5,000 cells per well. For cell-matrix
attachment assays (13), the 96-well plates (Costar, Corning
Inc., Corning, NY, USA) were precoated with Matrigel (BD

FAN et al: PARIS SAPONIN VII INHIBITS METASTASIS IN COLORECTAL CANCER CELLS

OH
(0]
HO
L
HO
H0- 2527 Hﬁozgf
HO HO
OH OH

Figure 1. Chemical structure of Paris saponin VII.

Biosciences, Franklin Lakes, NJ, USA) or bovine serum
albumin as a background control, incubated for 1 h at room
temperature (RT) and 1 h at 37°C, and washed with PBS, prior
to the assay. Plates with CRC cells were incubated for 1 h at
37°C, cells were washed twice with PBS and attached cells
were assessed using the MTT method. For cell-cell attach-
ment assays (14) HUVECs were plated in growth medium
at a density of 30,000 cells per well and incubated at 37°C
in 5% CO, for 24 h prior to the assay. The plates containing
the CRC cells were incubated in a humidified atmosphere for
1 h, washed four times with warm SFM, stained with a 0.25%
rose bengal-PBS solution and incubated for 5 min at RT.
Subsequently, cells were washed twice with SFM. Rose bengal
was dissolved in a 95% ethanol-PBS solution (1:1) and detected
using a microplate reader. Duplicate wells containing only
HUVECs were included in each experiment as background
controls. After subtracting the OD value of background wells,
the rate of attachment was determined as the ratio of attaching
cells to that of the non-washed group.

Wound-healing assay. Cells were seeded in 6-well plates at
a density of 5x10° cells per well. Once the cells reached 90%
confluence, a wound area was carefully created by scraping the
cell monolayer with a sterile 200-u1 pipette tip, from one end
of the well to the other. The detached cells were removed by
washing with PBS. Subsequently, the cells were incubated at
different concentrations of PS VII (0.3 and 1 xM). Migration of
cells into the wounded region was observed using an Olympus
CK-2 inverted microscope (Olympus, Tokyo, Japan) and images
were captured at 0 and 24 h at x100 magnification. The wound
area was measured using the image processing program ImageJ
(NIH, Bethesda, Maryland, USA). The cell wound closure
rate was calculated using the following equation: Wound
closure = [1-(wound area at T,/wound area at T,) x 100, where T,
is the time passed since wounding and T, is the time the wound
was created. The experiments were performed in triplicate.

Cell invasion determinations. Cell invasion was determined
using Matrigel-coated Transwell cell culture chambers
(8 um pore size) (Millipore, Billerica, MA, USA) as described
previously (15,16). Cells were maintained for 24 h in SFM, tryp-
sinized and resuspended in serum-free RPMI-1640 medium.
Following resuspension, cells were placed in the upper chamber
of the Transwell insert (5x10* cells per well) and incubated with
different concentrations of PS VII (0.3 or 1 yM). RPMI-1640
medium containing 10% FBS was added to the lower chamber.
The cells were incubated at 37°C in an incubator supplemented
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Figure 2. Effects of Paris saponin VII (PS VII) on SW620 and LoVo cell viability. Cells were incubated with or without PS VII (0.1,0.3, 1, 3, 10 or 30 uM) for
24 h at 37°C. Following incubation, the effects of PS VII on cell viability were determined using an MTT assay. The inhibition rate was calculated using the

optical density (OD) values and the following formula: Inhibition rate = (1-OD

treatment group!

/ODgu1501 group) X 100. All experiments were performed in triplicate. All

data are represented as the mean + standard deviation of five independent experiments.

with 5% CO, for 24 h; non-invasive cells in the upper chamber
were removed by wiping with a cotton swab and invasive cells
were fixed with 4% formaldehyde in PBS and stained with
1% crystal violet in 2% ethanol. Images of cells on the lower
surface of the filter were captured under a light microscope
(TS100; Nikon Corporation, Tokyo, Japan; x100 magnification).
The inserts were washed with 33% acetic acid. The absorbance
of the washing buffer at 570 nm was determined for each well
using a microplate reader. Cell-free inserts which only contained
medium were included in duplicate throughout each experiment
as OD background controls. The reported OD data represent the
mean background-corrected values + standard deviation (SD)
obtained from three independent experiments in duplicate.

Gelatin zymography. The zymographic analysis was adapted
from Surgucheva et al (17). Cells were seeded in a 24-well
plate at a density of 5x10° cells per well and incubated with
PS VII (0.3 or 1 uM) for 24 h at 37°C. Following incubation,
conditional medium was harvested and then electrophoresed
on 15% denaturing sodium dodecyl sulphate (SDS) polyacryl-
amide gels containing 1 mg/ml gelatin (Sangon, Shanghai,
China). Gels were washed twice in rinsing buffer (50 mM
Tris-HCI, 5 mM CaCl,, 2.5% Triton-X 100, 1 uM ZnCl, and
0.05% NaNj,) for 1 h and then incubated for 24 h at 37°C in the
rinsing buffer without Triton-X 100, so that renaturation of the
enzyme could occur. Gels were stained with Coomassie blue
R-250 (Bio-Rad Laboratories) and destained with 5% acetic
acid containing 10% methanol. Gelatinolytic activities were
visualized as clear bands against a blue background.

Western blotting. Following treatment with PS VII (0.3 and
1 uM) for 24 and 48 h, cells were washed twice with PBS and
treated with extraction buffer (50 mM Tris-Cl, pH 7.5, 150 mM
NaCl, 0.1% SDS, 1% NP-40, and 0.5% deoxycholic acid). The
cell extractions were collected, centrifuged at 10,000 x g for
15 min at 4°C and the cell lysates collected as supernatants.
The cell lysates were subjected to SDS-PAGE and transferred
to nitrocellulose membranes (Millipore, Bedford, MA, USA).

The membranes were blocked with 5% (w/v) non-fat milk
in PBS containing 0.1% Tween-20, and then blotted with
primary antibody. Subsequently, the membranes were incu-
bated with an appropriate secondary antibody (horseradish
peroxidase-conjugated goat anti-mouse or anti-rabbit IgG).
The immuno-detected proteins were then revealed using
enhanced chemiluminescence (ChemiScope5000; Clinx
Science Instruments, CO., Ltd., Shanghai, China).

Statistics. Results are expressed as the mean + SD. Two group
comparisons were evaluated using Student's t-test. P<0.05 was
considered to indicate a statistically significant difference.

Results

PS VII inhibits the viability of CRC cells. The viability of
SW620 and LoVo cells treated with PS VII at different concen-
trations (0.1, 0.3, 1, 3, 10 or 30 M) for 24 h was determined
using an MTT reduction assay. As shown in Fig. 2, PS VII
reduced the cell viability rate in a concentration-dependent
manner. Higher concentrations of PS VII inhibited the growth
of CRC cells directly. Hence, in order to observe the effect of
PS VII on the attachment, migration and invasion of CRC cells
more accurately and clearly, concentrations for the following
experiments were selected which demonstrated no obvious
cytotoxicity to the proliferation of the cells (0.3 and 1 uM).

PS VII inhibits cell attachment. To determine whether PS VII
affects the attachment ability of CRC cells, the attachment
of the cells to Matrigel and vascular endothelial cells was
assessed. Matrigel is an extracellular matrix (ECM) which is
composed of laminin, collagen type IV, nidogen and heparan
sulfate glycoprotein. As shown in Fig. 3A, pretreatment with
0.3 and 1 uM PS VII for 24 h reduced the attachment of SW620
and LoVo cells to Matrigel following incubation for 1 h,
compared with that of the control cells. The potential effect of
PS VII on the attachment of CRC cells to vascular endothelial
cells was investigated via incubation with HUVECs. As shown
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Figure 3. Effects of Paris saponin VII (PS VII) on cell attachment. Cells pretreated with or without different concentrations of PS VII (0.3 and 1 yM) were
added to plates pre-coated with Matrigel or human umbilical vein endothelial cells (HUVECS) and cells were incubated for 1 h at 37°C, then washed and
quantified. The effect of PS VII pretreatment on cell attachment to (A) Matrigel and (B) HUVECs. The experiments were performed in triplicate, “P<0.01 vs.

the control (Student's two-tailed t-test).
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Figure 4. Effects of Paris saponin VII (PS VII) on cell migration. (A) Migration of SW620 and LoVo cancer cell lines was assayed by wound-healing assay.
Cells were cultured to an almost confluent cell monolayer, a scratch-wound was created on the cell surface using a micropipette tip, and then PS VII (0.3 and
1 uM) was added. The cultures were incubated at 37°C and images were captured with a microscope at 0 and 24 h (magnification, x100). (B) The cell wound
closure rate was measured at 24 h and was calculated according to the equation: Wound closure = [1-(wound area at T//wound area at T,) x 100, where T, is
the time passed since wounding and T, is the time the wound was created. The experiments were performed in triplicate, “P<0.01 vs. the control (Student's

two-tailed t-test).

in Fig. 3B, SW620 and LoVo cells that were pretreated with
0.3 and 1 uM PS VII for 24 h demonstrated an impaired ability
to attach to HUVECs after incubation for 1 h, compared with
that of the control cells.

PS VII inhibits the migration of SW620 and LoVo cells in vitro.
One characteristic of tumor metastasis is the increased migra-
tory ability of tumor cells. The inhibition of migration of SW620
and LoVo cells by PS VII was investigated using wound-healing
assays. Cells were incubated with different concentrations of
PS VII for 24 h. Higher concentrations of PS VII (1 M) were
observed to significantly increase the inhibition of cell migra-
tion in the two cell lines compared with that of the control
cells (Fig. 4).

PS VII inhibits the invasion of SW620 and LoVo cells in vitro.
In order to determine the inhibitory effect of PS VII on the
invasion of SW620 and LoVo cells across the ECM, the cells
that invaded through the Matrigel-coated polycarbonate filter
in the Transwell chamber were analyzed. The results are
presented in Fig. 5. The majority of SW620 and LoVo cells
invaded from the upper to the lower chamber in the control
group; however, the presence of PS VII inhibited the penetra-
tion of the Matrigel-coated filter by SW620 and LoVo cells
(Fig. 5A). This inhibitory effect was greatest at a concentration
of 1 uM. The quantification of cells in the lower chamber from
Fig. 5B indicated that PS VII significantly inhibited SW620
and LoVo cell invasion and that this inhibitory effect was
concentration-dependent.
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Figure 5. Effect of Paris saponin VII (PS VII) on the invasiveness of SW620 and LoVo cells. (A) Cells were treated with PS VII (0.3 and 1 M) for 24 h and a
cell invasion assay was performed. Images of the invaded cells were captured with a microscope (magnification, x100). (B) The invaded cells were quantified
via the absorbance of crystal violet in the 33% acetic acid used to wash the cells that invaded the underside of the porous polycarbonate membrane. The experi-
ments were performed in triplicate, and are represented as the mean of the three experiments + standard deviation. "P<0.01 vs. the control.
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Figure 6. Effect of Paris saponin VII (PS VII) on the expression of matrix metalloproteinase (MMP)-2 and MMP-9. Cells were treated with PS VII for 24 and
48 h, and the protein expression levels were estimated using western blot analysis.
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Figure 7. Effect of Paris saponin VII (PS VII) on the activation of matrix metalloproteinase (MMP)-2 and MMP-9 in SW620 and LoVo cells. Cells were
incubated for 24 h with a vehicle control or PS VII (0.3 and 1 yM). Conditioning media were used for the measurement of MMP-2 and MMP-9 protein levels

by gelatin zymography.

PS VII affects the expression levels of metastasis-related
proteins in SW620 and LoVo cells. The expression of MMPs
is crucial to ECM degradation, which is required for cell
invasion. Hence, the effect of PS VII on the expression of
MMPs was investigated by western blot analysis. The results
demonstrated that PS VII suppresses the expression levels of
MMP-2 and MMP-9 proteins in a concentration-dependent
manner (Fig. 6). These effects may lead to the inhibition of the
invasive ability of SW620 and LoVo cells following exposure
to PS VIIL.

PS VII suppresses the activity of MMP-2 and MMP-9.
Although the protein expression of MMP-2 and MMP-9 was
downregulated by PS VII, the activity of these two enzymes

during treatment with PS VII required further investiga-
tion. Gelatinolytic activity at molecular masses of 72 and
92 kDa (which correspond to the molecular mass of MMP-2
and MMP-9, respectively) was detected in the conditioned
medium of cells treated with PS VII. The activity of MMP-2
and MMP-9 in the two cell lines was markedly repressed by
PS VII in a concentration-dependent manner (Fig. 7).

Discussion

Saponins are natural glycosides which possess a wide range
of pharmacological properties, including cytotoxic activity.
In a previous study, it was determined that PS VII, a saponin
compound isolated from 7. tschonoskii Maxim., possesses a
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growth-inhibitory effect in vitro and in vivo. Furthermore,
non-apoptotic processes have also been revealed to be involved
in saponin cytotoxic activity, including cell cycle arrest (18),
autophagic cell death stimulation (19), inhibition of metas-
tasis (20) and cytoskeleton disintegration (21).

The suppression of cancer metastasis is an urgent thera-
peutic requirement in the treatment of CRC. As resection of the
primary tumors is the treatment of choice, 30% of patients with
stage III CRC develop local recurrence or distant metastasis
within 5 years of curative resection (22). However, the majority
of existing therapies only inhibit cancer cell proliferation and
little has been accomplished in terms of treating cancer metas-
tasis. Cancer cells are released from their primary locations
early in carcinogenesis, hence anti-metastasis drugs would be
most effective if they could assist in preventing the spread of
cancer cells in addition to suppressing existing tumor colo-
nies. It has previously been demonstrated that PS VII exerts
a growth-inhibitory effect on CRC cells. In the present study,
the anti-metastatic activity of PS VII was observed in two
metastatic CRC cell lines, SW620 and LoVo.

Metastasis is a complex, multistep process that consists
of a cascade of interrelated sequential steps, including migra-
tion, invasion, adhesion, infiltration, colonization at a distant
site and the subsequent formation of new microvessels (23).
To successfully metastasize, cancer cells must acquire the
ability to migrate. The migration of cells is based on cycles of
lamellipodial extension, attachment, cell body translocation,
and retraction of the cell (24). In a non-cytotoxic dose, the
present study evaluated the anti-migratory activity of PS VII
via a wound-healing assay which is a classic in vitro assay of
cell migration. The results revealed that PS VII reduces cell
migration in a concentration-dependent manner.

In the present study, the invasive ability of cells was evaluated
via a Transwell invasion assay. It was demonstrated that PS VII
inhibits the invasion rate of cells in a concentration-dependent
manner. Cell invasion requires proteolysis of ECM components
and transmigration to penetrate it. In these steps, the expres-
sion of proteolytic enzymes, such as MMPs, is crucial for ECM
degradation (25). Two members of the MMP family, the 72-kDa
type IV collagenase MMP-2 (gelatinase A) and the 92-kD type
IV collagenase MMP-9 (gelatinase B), have been shown to be
highly expressed and to be important mediators in the patho-
genesis of CRC metastasis (26). Increased MMP-2 and MMP-9
protein expression levels are associated with a poor prognosis
in patients with CRC (27). Therefore, the present study inves-
tigated whether the inhibitory effect of PS VII on cell invasion
occurred via the suppression of MMP-2 and MMP-9 expres-
sion. The results of gelatin zymography and western blot assays
verified that PS VII suppressed the activation and expression of
MMP-2 and MMP-9.

In the process of metastasis, the first step of migration
involves attachment of cells to the ECM and the process of
invading and exiting blood vessels requires attachment of cells
to the vascular endothelium. Therefore, the ability of cells
adhere to the ECM and vascular endothelial cells was assessed
in this study. Matrigel was used as an ECM in the migration and
invasion assays. The results demonstrated that cells which were
pretreated with PS VII exhibited reduced cell attachment to
Matrigel. In the cell-cell attachment assays, PS VII pretreatment
reduced the ability of cells to adhere to vascular endothelial
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cells. These results indicate that PS VII also inhibits metastasis
by impairing the ability of cells to adhere.

In conclusion, the results of the current study indicate
that PS VII obtained from T. tschonoskii Maxim. inhibits
the migration, invasion and adhesion of human metastatic
CRC cells through inhibition of the activity and expression of
MMP-2 and MMP-9. Hence, PS VII may be a promising agent
for therapeutic and preventive purposes in the treatment of
CRC, by not only suppressing the proliferation of cancer cells
but also by inhibiting metastasis-associated events.
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