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Cudratricusxanthone G (CTXG), a natural bioactive cudratricusxanthone extracted from C. tricuspidata,
has shown anti-cancer properties. However, the function and mechanism of CTXG in tumor invasion
have not been elucidated to date. In this study, we investigated the inhibitory effect of CTXG on the
proliferation, migration and invasion of SW620 cells. We found that MMP-2, a pivotal factor in tumor
invasion, was suppressed in both expression and activation by CTXG in a dose-dependent manner. The

Keywords: suppression of MMP-2 expression by CTXG led to an inhibition of SW620 cells invasion and migration by
AP-1 . inactivating Rac1 and Cdc42 but not RhoA GTPase. Furthermore, CTXG also inhibited the transcriptional
Cudratricusxanthone G (CTXG) .. . . . R

Invasion activity of AP-1 (activator protein-1). In conclusion, our data demonstrate that CTXG exerted anti-
MMP-2 invasion action in SW620 cells by targeting MMP-2 though regulating the activities of Rac1, Cdc42 and
Racl their downstream transcriptional factor AP-1. These results are the first to reveal the novel functions of

CTXG in cancer cell invasion and its molecular basis for the anti-cancer action.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

CTXG (cudratricusxanthone G) is a natural cudratricusxanthone
extracted from the roots of C. tricuspidata, which is widely distributed
in China, Korea, and Japan. The cortex and root bark of C. tricuspidata
have been widely applied in clinic as a traditional medicine for the
treatment of alimentary system cancer, especially gastric carcinoma
[1,2]. It has been documented that cudratricusxanthones have
multiple functions such as inhibitory activity against human digestive
apparatus cancer cells [3], hepatoprotective effect on nitrofurantoin-
induced cytotoxicity [4], anti-proliferation effect of vascular smooth
muscle cells [5], protective activity on neuronal cells from glutamate-
induced oxidative stress [6], and anti-inflammatory effect in
macrophages [7]. However, whether cudratricusxanthones have
any effect on tumor invasion has not been identified yet.

Colorectal cancer, the third most common form of cancer
occurring worldwide, is one of the leading causes of cancer-related
deaths globally [8-10]. Tumor metastasis, which is the main reason
of colon cancer patient death, becomes a major challenge and a
critical target for successful cancer therapy and leads to many novel
treatments [ 11-14]. Degradation of the extracellular matrix (ECM) is
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one of the key mechanisms involved in cancer cell metastasis. MMPs
(matrix metalloproteinases), especially MMP-2 (gelatinase A) and
MMP-9 (gelatinase B), are the most vital proteases for the
degradation of type IV collagen, which is the main constituent of
ECM [15].Rac1, an important member of small GTPase family, is also
well known to play a key role in malignant tumor progression, such
as proliferation, survival [ 16], and cytoskeleton organization. Thus, it
has become one of the important targets of cancer chemotherapy
[17]. Previous study has identified AP-1 as one of the major
downstream transcriptional factors of Rac1[18]. It was also reported
that AP-1 could induce malignant phenotypic changes by MMP-2
up-regulation through Rac1 signaling. Therefore, agents targeting
MMPs and its upstream signaling pathway factors are potential to be
applied to treatment for colorectal cancer metastasis.

In this study, the anti-invasion effect of CTXG on colorectal
cancer cell SW620 and its molecular mechanism have been
identified for the first time. CTXG, one of the bioactive
cudratricusxanthones, exerted great inhibition on colon cancer
cell proliferation, migration and invasion by suppressing the
activities of Rac1 and its downstream transcriptional factor AP-1.

2. Materials and methods
2.1. Materials

CTXG was purified in our previous study [3]. A 50 mM stock
solution of CTXG was prepared in dimethyl sulfoxide (DMSO)
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(Sigma-Aldrich, St. Louis, MO), stored at —20 °C, and then diluted
as needed concentrations in cell culture medium. Bacteria-derived
recombinant human EGF (epidermal growth factor) was obtained
from Jingmei Biotech (Shanghai, China). Matrigel was purchased
from BD Biosciences (Bedford, MA). Antibodies against total and
phosphorylated MAPK/ERK1/2 (EERK1/2), p38 MAPK, SAPK/c-Jun
N-terminal Kinase (JNK), and MMP-2, MMP-9, Cdc42, RhoA were
purchased from Cell Signaling Technology (Bedford, MA), while
anti-CXCR4, anti-Rac and anti-B-actin antibodies were from
Abcam (Bedford, MA), Upstate Biotechnology Inc (New York,
NY) and Sigma, respectively.

2.2. Cell lines and cell culture

Human colorectal carcinoma SW620 cells, HCT-116 cells and
LoVo cells were purchased from American Type Culture Collection
(ATCC), and cultured in Leibovitz’s L-15 medium (L-15, Gibco,
Shanghai, China) supplemented with 10% fetal bovine serum (FBS,
Hyclone Laboratories, Shanghai, China) at 37°C in a 1% CO,
atmosphere. Human kidney epithelial cell 293 T cells (purchased
from ATCC) were maintained in DMEM (Gibco) supplemented with
10% FBS at 37 °C under a humidified 95%:5% (v/v) mixture of air and
CO,. Cell lines were routinely analyzed for mycoplasma contami-
nation and cell line authenticity.

2.3. Cytotoxicity assay

Cytotoxicity assay was performed to detect cytotoxicity of
CTXG as previously described [19]. Briefly, SW620 cells (1 x 10°/
well in 96-well plate) were incubated with different concentra-
tions of CTXG for 48 h, then stained with cytotoxicity reagent
(5 M ethidium homodimer and 5 M calcein-AM) and incubated
at 37 °C for 30 min. Cells were analyzed under a fluorescence
microscope (DM 4000 B; Leica).

2.4. MTS assay

Following the manual of CellTiter 96 Aqueous One Solution Cell
Proliferation assay (Promega, Madison, WI), MTS assay was
performed to determine the anti-proliferative effect of CTXG.
SW620 cells (5 x 10> cells/well) were seeded into 96-well plate
and incubated for 24 h. Cells were then treated with different
concentrations of CTXG for 48 h while control cells were treated
with 0.1% DMSO. 20 wL MTS solution I was added to each well
following the treatment. After 3 h incubation at 37 °C, absorption
at 460 nm of each well was measured with VERSAmax microplate
reader (Molecular Devices).

2.5. Wound healing migration assay

Cell motility was measured by wound healing assay as
described previously [20]. Initially, SW620 cells were allowed to
grow into full confluence in 0.1% gelatin (Sigma) pre-coated 12-
well plates and then starved overnight with serum free L-15
medium to inactivate cell proliferation. Cells were then scraped
with pipette tips and washed with PBS. L-15 containing 10% FBS
and different concentrations of CTXG was added into wells with or
without 20 ng/mL EGF. After treated for 24 h, cells were imaged
and migrated cells were quantified by manual counting.

2.6. Boyden chamber invasion assay

Invasion assay was carried out using modified Boyden
chambers consisting of 24-well Millicell (Millipore, Shanghai,
China) membrane filter (8 M pore size). Briefly, the upper surface
of Millicells was coated with 100 L Matrigel (100 g/mL) while

the bottom chambers were filled with 500 wL L-15 (10% FBS)
supplemented with 20 ng/mL EGF. The top chambers were seeded
with 1 x 10° cells/well in 100 wL L-15 (serum free) containing
indicated concentrations of CTXG. After 24 h incubation, the cells
on the top surface of the filter were scraped using a cotton swab
while cells spreading on the bottom sides (invaded cells) were
fixed with cold 4% paraformaldehyde (Sigma) and stained with 5%
hematoxylin (Sigma). Then, invaded cells were imaged under
inverted microscope (OLYMPUS) and quantified by manual
counting.

2.7. Gelatin zymography assay

The activity of MMP-2 in cell culture medium was measured by
gelatin zymography protease assay as described by Johansson and
Smedsrod [21]. SW620 cells were incubated in a serum-free L-15
medium with or without CTXG for 24 h. Phorbol 12-myristate 13-
acetate (PMA, Sigma) was used to stimulate MMP-2 expression.
Collected cell culture medium of appropriate volumes were
prepared in sample buffer without boiling or reduction and
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Fig. 1. CTXG (Cudratricusxanthone G) exhibits low cytotoxicity and inhibits cell
proliferation. (A) The chemical structure of CTXG with a molecular weight 396.0 g/
mol. (B) CTXG exhibits low cytotoxicity on SW620 cells. SW620 cells were treated
with different concentrations of CTXG for 48 h. Viability was detected by cytotoxic
assay and cells were quantified by manual counting. (C) CTXG inhibits cell
proliferation in a dose-dependent manner. SW620 cells were treated with different
concentrations of CTXG for 24, 48 and 72 h, respectively. Proliferation was
quantified by MTS assay. Columns, mean from three different experiments with 3
duplicates; bars, SE (*P < 0.05; **P < 0.01; ***P < 0.001 versus DMSO alone).
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Fig. 2. CTXG inhibits cell migration and invasion. (A) SW620 cells were serum starved overnight, then treated with 20 ng/mL EGF and various concentrations of CTXG. Cells
were photographed under phase-contrast microscopy (magnification, 200x ). (B) Densitometric analysis of migrated cell numbers as in (A). Migrated cells were quantified by
manual counting. (C) Cells penetrating through the Matrigel to the lower surface of the filter were stained with 5% hematoxylin and photographed under a light microscope at
400x magnification. (D) Densitometric analysis of invasive cells as in (C). Invasive SW620 cells were quantified by manual counting. Columns, mean from three different
experiments with 3 duplicates; bars, SE (*P < 0.05; **P < 0.01; **P < 0.001 versus EGF alone).

subjected to 0.1% gelatin-8% SDS-PAGE electrophoresis. After
electrophoresis, gel was washed with 2.5% Triton X-100 and
incubated in zymogram developing buffer [50 mM Tris-HCI (pH
8.0), 5 mM CaCl,, and 0.2 mol/L NaCl] at 37 °C for 12 h, and then
stained with Coomassie brilliant blue R-250. Densitometric
analysis of protein bands was conducted with software Image-
Pro Plus.

2.8. Rac/Cdc42/RhoA activation assay

Activated GTPase in cells was detected by GST-PBD or GST-RBP
pull-down as described previously [22]. SW620 cells were serum-
starved overnight followed by incubation with different concen-
trations of CTXG for 12 h. Afterwards, treatment with 20 ng/mL
platelet-derived growth factor (PDGF, Sigma) (for Rac, Cdc42) or
20 pmol/L lysophosphatidic acid (LPA, Sigma) (for RhoA) was
applied for 10 min. Cells were then washed with PBS and lysed
with RIPA buffer (20 mM Tris, 2.5 mM EDTA, 1% Triton X-100, 1%
deoxycholate, 0.1% SDS, 40 mM NaF, 10 mM Na4P,0-, and 1 mM
PMSF). 30 mg of GST-PBD (Rac/Cdc42-binding domain) or GST-
RBD (RhoA-binding domain) attached to beads were added to the
cell lysate. After incubation at 4 °C for 60 min, the beads were
washed three times with RIPA buffer. Active Rac1, Cdc42, and RhoA
were detected by western blot.

2.9. Western blot analysis

To assess protein expression level, overnight serum-starved
SW620 cells were treated with different concentrations of CTXG for
48 h. The whole-cell extracts were prepared in RIPA buffer. 40 pg
cellular protein of each sample was proceeded to immunoblot after
8-12% SDS-PAGE electrophoresis and probed with specific
antibodies, followed by a horseradish peroxidase-conjugated goat
anti-mouse or anti-rabbit antibody (Cell Signaling Technology), as
described previously [20].
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Fig. 3. CTXG inhibits MMP-2 activity and expression. (A) After treatment with CTXG
for 24 h, MMP-2 enzyme activity was analyzed by gelatin zymography (Zym).
Protein level in conditional culture medium from same amount of cells with
different treatment was detected by western blotting (W.B.). PMA was used to
stimulate expression of MMP-2. (B) Densitometric analysis of bands from gel
zymogram. Columns, mean from three different experiments with 3 duplicates;
bars, SE (*P < 0.05; **P < 0.01; ***P < 0.001 versus with or without PMA alone).
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2.10. Luciferase reporter assay

Luciferase reporter assay was carried out as described by Mitchell
etal.[23].293T cells (1 x 10° cells/dish) were seeded into 10 cm cell
culture dishes. When cells achieve 60% confluence, reportor gene
constructs were transfected using the calcium phosphate method,
with 8 g pAP1-luciferase vector per each plate. After transfection,
cells were reseeded in 24-well plates, and consequently pretreated
with the indicated concentrations of CTXG for 24 h before being
washed and lysed with luciferase lysis buffer (Promega). Rellina
luciferase reporter was used as a transfection efficiency control and
luciferase activity of protein lysate was measured following the
manufacturer’s protocol (Luciferase Assay System, Promega) with a
Victor 3 microplate reader (PerkinElmer).

2.11. Electrophoretic mobility shift assay (EMSA)

SW620 cells were treated with various concentration of CTXG,
and nuclear extracts were prepared as described [24,25]. Nuclear
proteins (5 pLg) were incubated with 3?P labeled AP-1 (activator
protien-1) probe on ice for 30 min, and the DNA-protein complex
was separated on a 5% acrylamide gel. The oligonucleotide
sequences of AP-1 probes were 5 -CTGACCCCTGAGTCAG-
CACTTGC-3' (sense) and 5'-CAAGTGCTGACTCAGGGGTCAGG-3'
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(antisense). The oligomers were annealed and double strand
products were isolated with PAGE gel and used for labeling.

2.12. Statistical analysis

All arrays were performed at least three independent experi-
ments. The data were presented as mean + SD, and statistical
comparisons between groups were performed using one-way ANOVA
followed Dunnet test. P value < 0.05 was considered statistically
significant.

3. Results

3.1. CTXG exerts anti-proliferative effect but low cytotoxicity in
SW620 cells

CTXG is a bioactive cudratricusxanthone with a molecular
weight of 396.0 g/mol (Fig. 1A). To investigate the cytotoxicity of
CTXG, cytotoxic assay was performed at first. Results show that the
viability of SW620 cells was 91.8 + 6.61% at 10 M CTXG treatment
for 48 h, indicating CTXG has low cytotoxicity on SW620 cells
(Fig. 1B). The anti-proliferation function of CTXG on SW620 cells was
determined using MTS assay. The cell proliferative rate compared
with control is reduced along with rising concentrations of CTXG
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Fig. 4. CTXG inhibits activation of Rac1 and Cdc42 in SW620 cells. Cells were treated with CTXG for 12 h as described in Section 2. Samples were subjected to SDS-PAGE
followed by western blot. (A) Effect of CTXG on the activity of Rac1 and Cdc42 stimulated by PDGF. (B) Densitometric analysis of bands of Rac1. (C) Densitometric analysis of
bands of cdc42. (D) Effect of CTXG on the activity of GTP-RhoA stimulated by LPA. (E) Densitometric analysis of bands of RhoA. Columns, mean from three different
experiments with 3 duplicates; bars, SE (*P < 0.05; **P < 0.01; ***P < 0.001 versus PDGF alone).
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treatment for 24, 48 and 72 h (Fig. 1C), suggesting that CTXG
significantly inhibited proliferation of SW620 cells at 1, 5 and 10 pM
in a concentration-dependent manner, with half-maximal inhibition
between 5 and 10 pM.

3.2. CTXG inhibits SW620 cells migration and invasion in vitro

The effect of CTXG on the chemotactic motility of SW620 cells
was measured by wound healing migration assay. After treatment
with CTXG at various concentrations for 24 h, migratory cells were
counted. As shown in Fig. 2A and B, CTXG significantly inhibited
EGF-induced SW620 cells migration at concentrations over 0.1 uM
in a dose-dependent manner. These results suggest that CTXG is
highly effective on inhibiting SW620 cells migration. The effect of
CTXG on invasion of SW620 cells was analyzed by Boyden chamber
invasion assay. Result indicates that CTXG also markedly
suppresses the EGF-induced cell invasion through Matrigel in a
dose-dependent manner (Fig. 2C and D).

3.3. CTXG inhibits MMP-2 activity and expression in SW620 cells

The pivotal role of MMP-2 in tumor metastasis was previously
demonstrated [26]. To detect effects of CTXG on the activity of
MMP-2, we applied gelatin zymography assay to conditioned
media from CTXG treated SW620 cells. In our results, MMP-2
expression was observed in SW620 cells and the activity of MMP-2
was decreased significantly (P < 0.001) after treatment with 1 wM
CTXG. To amplify basal protein level, PMA was used to stimulate
MMP-2 expression. As Fig. 3 shows, PMA increased MMP-2 activity
and CTXG inhibited PMA induced MMP-2 activity in a dose
dependent manner. Western blot confirmed that MMP-2 expres-
sion was inhibited with or without PMA stimulation. These results
indicate MMP-2 is an important target of CTXG.

3.4. CTXG inhibits Racl and Cdc42 activation

To investigate whether CTXG could suppress the activation of
small GTPases in tumor metastasis, we examined the effect of
CTXG on Racl, Cdc42 and RhoA. Since 10 M CTXG treatment
shows detectable cytotoxic effect in cells, to conduct this assay on
cells under lower cytotoxic effect, 5 uM was used as the highest
dose in this assay. In SW620 cells, CTXG was observed to suppress
the activation of GTP-Rac1 and GTP-Cdc42 at 0.1 wM and above
concentrations (Fig. 4A-C). However, the inhibitory effect of CTXG
on RhoA was hardly detectable at 0.1-5 wM (Fig. 4D and E),
suggesting that CTXG mainly affects activation of Rac1 and Cdc42
but not RhoA. Besides, the inhibitory effect of CTXG on Rac1 and
Cdc42 were also confirmed in two other colon cancer cell lines,
HCT-116 and LoVo cells (Fig. 5A and B). Densitometric analysis
shows phosphory-Erk1 was also significantly inhibited by CTXG in
SW620 cells at 0.1-10 wM (Fig. 6A and B), while phosphory-JNK
only was inhibited at high dose treated (5-10 wM) (Fig. 6A, E and
F). Despite the significant inhibitory effect on Erkl, CTXG was
observed to exhibit subtle effect on the phosphorylation of other
MAPKSs such as ERK2, JNK and p38 MAPK (Fig. 6).

3.5. CTXG inhibits AP-1 transcriptional activity

To reveal the mechanism of how CTXG inhibited MMP-2
activity and expression, we examined the effect of CTXG on the
activation of AP-1, which is an upstream regulator of MMP-2. Our
results demonstrated that 1 wM CTXG could strongly inhibit the
transcriptional activity of AP-1 in AP-1 luciferase reporter assay
(Fig. 7A). Additionally, the effect of CTXG on the DNA binding
activity of AP-1 in SW620 cells was investigated by EMSA. As
shown in Fig. 7B, the DNA-binding activities of AP-1 were strongly
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inhibited by treatment with 1 .M or higher concentration of CTXG,
and the inhibitory effect is in a dose-dependent manner.

3.6. CTXG inhibits AP-1 targeting genes in SW620 cells

AP-1 has been demonstrated to play a key role in CTXG
contribution, here we also explored whether CTXG affected the AP-
1 downstream functional proteins involved in invasion and
metastasis, including MMP-2, MMP-9 and CXCR4. Results revealed
that 1 wM CTXG significantly inhibited MMP-2 and MMP-9
expression which is regulated by AP-1, but exhibited little effect
on CXCR4 which is not regulated by AP-1 (Fig. 7C).

4. Discussion

Malignant tumor invasion and metastasis, which require the
degradation of extracellular matrix, are associated with increased
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expression of MMPs [27]. Recently, the anti-invasive effects of
phytochemical polyphenols has drawn a lot of attention [28].
Xanthones, which consist of a large group of polyphenol, have been
found to influence some steps in cancer progression beyond their
traditional use [29,30]. CTXG is a natural bioactive xanthone
extracted from C. tricuspidata [3]. Our previous study has
demonstrated that CTXG exerted anti-proliferative effect on
colorectal carcinoma cell HCT-116, hepatocellular carcinoma cell
SMMC-7721 and SGC-7901, and also gastric carcinoma cell BGC-
823 [3]. However, little information is known about its function in
cancer cell invasion. In this study, we report the biological
functions of CTXG as an inhibitor of invasion for the first time. Our
results indicate that CTXG inhibits proliferation, migration and
invasion in human colorectal carcinoma SW620 cells in a dose-
dependent manner. Results from gelatin zymogram revealed that
CTXG reduced the activation of MMP-2 secreted by SW620 cells. In
addition, GST-PBD/RBD pull down assay indicated that CTXG
significantly suppressed the activity of Rac1l and Cdc42 but had
subtle effect on RhoA. AP-1, an important transcriptional factor
involved in the regulation of various steps of tumor cell metastasis
[31], was also inhibited by CTXG on the transcriptional activity. The
expression of AP-1 targeted genes also decreased along with the
suppression on AP-1 activation. Therefore, these results suggest

that anti-cancer activity of CTXG may be associated with AP-1
signaling pathway.

Cell proliferation is known to be very important in the
process of tumor metastasis [27]. To assess the anti-metastasis
activity of CTXG on SW620, we measured its effects on cell
proliferation. As expected, CTXG effectively induced cell growth
inhibition of cultured colorectal carcinoma cell SW620 at
concentrations above 1 wM (Fig. 1). In addition, cell viability
assay revealed that CTXG exerted low cytoxicity at tested
concentrations. These results suggest the anti-metastatic effect
of CTXG may be attributed to its anti-proliferative activity to
some extent. Cell migration and invasion of cancer cells are key
steps in tumor metastasis [27,30]. The effects of CTXG on cell
migration and invasion were assessed by scratch migration
assay and Matrigel Boyden chamber invasion assay, respective-
ly. In our in vitro assays, CTXG significantly inhibited both EGF-
induced cell migration and invasion at over 0.1 uM (P < 0.001),
with a half-maximal inhibition at a concentration between 0.1
and 1 M (Fig. 2). Compared with the concentration achieving
half-maximal inhibition in cell proliferation, CTXG is more
effective in cell migration and invasion, indicating that the anti-
migration and anti-invasion function could be more important
to its anti-metastatic activity.
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independent experiments; bars, SE (*P < 0.05; **P < 0.01 versus control). (B) SW620 cells were treated with various concentrations of CTXG for 24 h, and then nuclear extracts
were prepared and analyzed for AP-1 DNA binding activities using >2P labeled AP-1 specific oligonucleotide. (C) CTXG inhibits the expression of MMP-2 and MMP-9 but not

CXCR4.

MMPs, a family of zinc-dependent endopeptidases, have been
reported to be playing a crucial role in ECM degradation, which is
known to associate with tissue repair, cancer cell invasion,
metastasis and angiogenesis [32,33]. Among several MMPs,
MMP-2 has been demonstrated to be a critical factor in tumor
invasion [26]. MMP-2 is secreted by tumor cells as a pro-enzyme
(pro-MMP-2) and activated in the extracellular milieu to execute
their proteolytic activity, then accordingly enables cells to invade
into the target organ and develop tumor metastasis [34-36].
Previous study showed that MMP-2 deficient mice could not
proceed to tumor metastasis [34]. Besides, inhibiting MMP-2
expression or interfering with MMP-2 functions by depressing its
activity can reverse cell pro-metastasis motility and invasion.
Therefore, MMP-2 could potentially be an important target in
cancer therapy. However, many MMP inhibitors have been
investigated in early clinical studies with disappointing results
due to their low efficacy and various side effects [37]. Thus,
searching for novel drugs targeting MMP proteins with high
efficacy and specificity became critical to conquer the clinical
difficulties. MMP-2 activity is known to be regulated on at least
three levels: transcription, proteolytic activation of the zymogen
form and inhibition of the active enzyme [38]. In this study, we
found CTXG could suppress both the activation and expression of
MMP-2 at 0.1-5 uM, indicating MMP-2 is a rational molecular
target of CTXG for modulating metastasis in SW620 cells. We

detected MMP-2 level with two different methods, gelatin
zymography (for activity) and western blot (for expression) of
medium. Decreased level of MMP-2 was identified in both
experiments (Fig. 3A). These results indicate that inhibitory
activity of MMP-2 is both regulated in the activity and expression.
In contrast, the activity and expression of MMP-9 in SW620 cell
conditional medium were not detectable by either zymogram or
western blot. However, western blot on cell lysate with anti-MMP-
9 antibody revealed that the MMP-9 expression level was very low,
which could explain why it is undetectable in cell conditional
cultured medium. Despite the low level, the expression of MMP-9
was still inhibited by CTXG in a dose-dependent manner,
suggesting MMP-9 is also a target of CTXG (Fig. 7C).

Rho small GTPases which constitute a subfamily of the Ras
superfamily of monomeric GTP-binding proteins, act as molecular
switches that trigger signaling cascades in response to upstream
signals [39]. Besides, small GTPases have also been implicated to
regulate gene transcription [40]. Since small GTPases are critical
regulators of metastasis, drugs targeting small GTPases signaling
are potential pharmacological and therapeutic agents [41]. RhoA,
Rac1, and Cdc42 are the best studied and understood members of
small GTPase family [39,42]. Rac1 was characterized as a signaling
molecule that regulates cell shape and motility by promoting
lamellipodia formation and membrane ruffling in the leading edge
of cells [43]. It was also known to play a pivotal role in malignant
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Fig. 8. Diagram of CTXG inhibiting tumor invasion through suppression of Rac1/AP-
1 signaling.

tumor progression [44]. AP-1 is one of the downstream transcrip-
tion factors regulated by Rac1. Abnormal activation of AP-1 has
been implicated in malignant transformation, and tumor promo-
tion [31,45]. Previous reports have demonstrated that some
metastasis enhancing genes such as MMP-9 and MMP-2 have
AP-1 transcription-binding motifs [31,45,46]. Therefore, signal
pathways leading to the activation of AP-1 binding factors in tumor
cells may contribute to MMPs transcription and metastasis
enhancement. To investigate whether Rho small GTPases involved
in the anti-metastasis action of CTXG, we carried out GST-PBD/RBD
pull down assay to detect the activation of Rac1, Cdc42 and RhoA.
GTP-Rac1 and GTP-Cdc42 were found to be down-regulated in cells
treated with CTXG at 0.1 M or higher concentrations (Figs. 4A-C
and 5). In contrast, the effect of CTXG on RhoA was hardly
detectable at tested concentrations (Fig. 4D and E), indicating that
RhoA may not be pivotal to CTXG anti-invasive function. Thus,
CTXG may inhibit colorectal cancer invasion mainly by Rac1 and
Cdc42 signaling (Figs. 4 and 5). Besides, the inhibitory effect of
CTXG on phosphory-Erk1 indicates that Erk1 may also contribute
to CTXG function (Fig. 6). The inhibition of CTXG on phosphoryla-
tion of JNK1 and JNK2 at high-dose indicates that [NKs may be
involved but not key factors in CTXG functioning. Since AP-1 may
be one of the prime components of the intracellular signaling
pathways responsible for the up-regulation of MMP-2 and MMP-9,
we carried out luciferase reporter assay and EMSA to assess the
effect of CTXG on AP-1 transcriptional activity. Results show that
AP-1 transcriptional activity (Fig. 7A) and DNA binding activity
(Fig. 7B) were inhibited markedly by CTXG in a dose-dependent
manner, suggesting CTXG could exert its anti-metastasis activity
by regulating gene expression through suppressing the activity of
AP-1. Additionally, we performed western blot assay on cell lysate
to detect the expression level of AP-1 target genes including MMP-
2, MMP-9 and non-AP-1 target gene CXCR4. Consistent with the
result of gelatin zymography assay, the expression of MMP-2 in
SW620 cells was significantly reduced by treatment with various
concentrations of CTXG. Besides, the expression of MMP-9 also
decreased markedly in CTXG treated cells, while the expression of
CXCR4, which is not regulated by AP-1, had little change (Fig. 7C) as
expected.

Taken together, we demonstrated that CTXG inhibits colorectal
carcinoma cell SW620 proliferation, migration and invasion by
targeting MMP-2 through regulating the activation of Rac1/Cdc42
and downstream transcription factor AP-1, thus leading to
suppression of metastasis (Fig. 8). The therapeutic potential of

CTXG for controlling tumor metastasis was implied by our study
for the first time.
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