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Background: We previously showed that arsenic sulfide (As,S,) induced cell cycle arrest
and apoptosis in several human solid tumor cell lines, including those of gastric cancer. In this
study, we investigated the effect of As,S, on the migration and invasion of gastric cancer cells
both in vitro and in vivo.

Methods: The human gastric cancer cell lines AGS and MGC803 were selected as in vitro
models. Wound-healing migration assay and Transwell invasion assay were carried out to
determine the effects of As,S, on cell migration and invasion. The expressions of E-cadherin,
B-catenin, Spl, KLF4, and VEGF were measured by Western blotting analysis. The activities
of matrix metalloproteinase (MMP)-2 and MMP-9 in MGC803 cells were demonstrated by
zymography assay. A mouse xenograft model was established by inoculation with MGC803
cells, then intraperitoneal injected with As,S, for 3 weeks and monitored for body weight and
tumor changes. Finally, the inhibition rate of tumor growth was calculated, and the expression of
proteins and genes associated with tumor invasion and metastasis in tumor tissues were measured
by immunohistochemistry, Western blotting, and real-time polymerase chain reaction assay.
Results: As,S, significantly inhibited the migration and invasion of gastric cancer cell lines. The
expression of E-cadherin and KLF4 was upregulated, while the expressions of B-catenin, VEGF,
and Sp1 were downregulated following treatment with As,S,. Moreover, the protease activities of
MMP-2 and MMP-9 were suppressed by As,S, in MGC803 cells. Meanwhile, As,S, effectively
suppressed the abilities of tumor growth and invasion in the xenograft tumor model. We found that
As,S, upregulated the expression of E-cadherin and downregulated the expression of B-catenin,
Spl, VEGF, and CD34 in mouse tumor tissues, consistent with the results in vitro.
Conclusion: As S, inhibited the migration and invasion of gastric cancer cells by blocking
tumor cell adhesion, decreasing the ability of tumor cells to destroy the basement membrane,
and therefore suppressing their angiogenesis.
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Introduction
Epidemiological investigations have shown that gastric cancer (GC) is the fourth most
common malignant cancer in the world." Based on the data of GLOBOCAN 2012, approxi-
mately 1 million new cases of GC were diagnosed in 2012, and GC is the third main cause
of cancer-related death (723,073 cases, 8.8% of total cancer-related death) after lung and
liver cancers.? It is well known that metastasis and invasion are basic properties of many
malignant cancer cells and the main cause of cancer-related mortality.® Although radical
resection obviously prolongs the overall survival of patients diagnosed at early stages, GC
still carries a poor prognosis with a high metastasis and recurrence rate. Therefore, identify-
ing a compound with the ability to suppress GC metastasis is of great importance.
Arsenic sulfide (As,S,), the active ingredient of the traditional Chinese medicine
realgar, has been used for several centuries in Oriental medicine. According to the
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2010 Pharmacopoeia of the People’s Republic of China,’
As,S, is widely used in combination with other traditional
medicines for both external and internal treatment, such as
for problems of skin disease, fever, infection, inflammation,
and convulsion.*¢ Recently, because of the remarkable success
of arsenic trioxide (As,0,), another important member of the
arsenic compounds family, in the treatment of acute promyelo-
cytic leukemia,”? more and more scholars have been focusing
on the medicinal value of As,S, in the field of cancer treatment
due to its advantages of oral administration, relative safety, and
ample resources compared with As,O,. Recent studies show
that As S, has antitumor activities in several cancers in vitro
and in vivo, especially for hematological malignancies.'*!! The
antitumor mechanism of As,S, remains poorly understood,
but many studies have shown that it potently inhibits cell
proliferation while inducing apoptosis.'-'3

The process of tumor development, invasion, and metastasis
is complex and evolutionary, consisting of multiple steps and
involving numerous events at the cellular and molecular lev-
els. The tumor cells need to separate from each other, suspend
themselves in the circulation, penetrate through the vasculature,
establish angiogenesis, and perform the epithelial-mesenchymal
transition (EMT). All these processes are closely related.!*!s
Recent studies have shown that each stage of this process is
important for effective tumor invasion and metastasis. !¢

In our previous studies, we investigated the antitumor
effect of As,S, in a number of tumor cell lines, such as HepG2
cells (hepatocellular carcinoma), A375 cells (malignant
melanoma), 8898 cells (pancreatic carcinoma), MKN45
cells (GC), and NB, and MR, cells (acute promyelocytic
leukemia).!"!” Further explorations on GC have found that
the antitumor effect of As S, is dependent on the induction of
cell apoptosis, which may be associated with p53-dependent
pathway.'® In the present study, we investigated the chemo-
therapeutic effects and the underlying molecular mechanism
of As,S, on the invasion and migration of GC cells both
in vitro and in vivo. We found that As,S, inhibited GC cell
migration and invasion through increasing the ability of tumor
cell adhesion, decreasing the ability of tumor cells to destroy
the basement membrane, and suppressing angiogenesis.

Materials and methods

Cells, animals, and reagents

The human GC cell lines AGS and MGC803 were obtained
from the Cell Bank of the Type Culture Collection of the
Chinese Academy of Sciences (Institute of Biochemistry and
Cell Biology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences, Shanghai, People’s Republic of
China). No ethics statement was required from the institutional

review board for the use of these cell lines. AGS cells were cul-
tured in DMEM/F12 1:1 medium (Hyclone, Logan, UT, USA),
and MGC803 cells were cultured in RPMI 1640 medium
(Thermo Fisher Scientific, Waltham, MA, USA) at 37°C
under an atmosphere 0of 95% air and 5% CO,. All medium was
supplemented with 10% fetal bovine serum (Thermo Fisher
Scientific). BALB/C-nu/nu mice (4 weeks old, male, weighing
17-20 g) were purchased from Shanghai Laboratory Animal
Research Center (Shanghai, People’s Republic of China) and
maintained on standard chow and water. All experiments were
performed in accordance with the guidelines of the laboratory
animal handling protocols of Shanghai Jiao Tong University
School of Medicine (Shanghai, People’s Republic of China).
This study was approved by the ethics committee of Xin Hua
Hospital Affiliated to Shanghai Jiao Tong University School
of Medicine (Shanghai, People’s Republic of China). Highly
purified realgar (Figure S1) supplied by the Shanghai Institute
of Hematology (Shanghai, People’s Republic of China) was
prepared from mined natural realgar and the preparation of
As,S, solution was performed as previously described.'® In
brief, the high-purity realgar was dissolved in Dulbecco’s
phosphate-buffered saline, and the content of As in the Dul-
becco’s phosphate-buffered saline solution was determined
by inductively coupled plasma atomic emission spectrometry
at the Instrumental Analysis Center of Shanghai Jiao Tong
University (Shanghai, People’s Republic of China). The stock
solution of As,S, was 277.2496 uM and then was diluted to
work solution with complete culture medium (for cell culture)
or normal saline (for animal experiment). The anti-E-cadherin,
anti-P-catenin, and anti-Sp1 antibodies were purchased from
Cell Signaling Technology (Beverly, MA, USA), anti-vascular
endothelial growth factor (VEGF) and anti-KLLF4 from Abcam
(Cambridge, MA, USA), anti-CD34 from Sigma-Aldrich Co.
(St Louis, MO, USA), and anti-B-actin antibody from Protein-
tech Group, Inc (Wuhan, People’s Republic of China).

Wound-healing assay

Wound-healing assay was performed as previously described.!’
AGS and MGCS803 cells were plated in six-well plates at a
density of 5x10° cells/well and serum starved for 12 hours,
respectively. Then, wounds were scratched with pipette tips
and washed with phosphate-buffered saline to remove the
suspended cells. The media containing 1% serum and dif-
ferent concentrations (0, 0.25, 0.5, and 1 uM) of As,S, were
used for cell culture. The assay was performed for 24 or 48
hours at 37°C and 5% CO,. Wounds were photographed with
a DMI3000 B inverted microscope (Leica Microsystems,
Wetzlar, Germany) at 0 hours, 24 hours, and 48 hours, and the
migration rates of each group were calculated in accordance
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with the following formula, migration rate (%) = (wound area at
0 h — wound area at 24 h or 48 h)/wound area at 0 h x 100%.

Transwell invasion assay

For cell invasion analysis, MGC803 cells were cultured in
serum-free RPMI 1640 medium overnight. In the bottom of
the Transwell chamber (Corning Incorporated, Corning, NY,
USA), 500 uL of RPMI 1640 medium with 10% fetal bovine
serum were added, and the upper part of each chamber was
seeded with 5x10* MGC803 cells with 200 uL. RPMI 1640
medium which contained 1% serum and different concentra-
tions (0, 0.5, and 1 uM) of As,S,. The assay was performed
for 12 and 24 hours at 37°C and 5% CO,. Migrated cells
were fixed with 4% paraformaldehyde for 20 minutes at
room temperature and then analyzed by crystal violet stain-
ing, followed by observation under a DMI3000 B inverted
microscope. The invasion rates of each group (12 h or 24 h)
were calculated in accordance with the following formula,
invasion rate (%) =the number of the migrated cells at 0.5 or
1 uM/the number of the migrated cells at 0 uM x 100%.

Gelatin zymography assay

The activity of MMP-2 and MMP-9 released from MGC803
cells was measured by gelatin zymography assays accord-
ing to the methods reported by Yang et al*® with some
modification. Firstly, MGC803 cells were incubated with
As,S, (0,0.25,0.5, 1, 2, or 4 uM) in serum-free media for
24 hours. The supernatants were collected by centrifugation
for 10 minutes at 4°C at 1,000 rpm, then standardized accord-
ing to the protein contents and loaded on 10% sodium dode-
cyl sulfate (SDS) polyacrylamide gel containing 1 mg/mL
gelatin. Gels were run at 100 V for 150 minutes at 4°C. After
electrophoresis, the gels were washed with 2.5% Triton
X-100 for 30 minutes at 37°C to remove SDS and incubated
in a reaction buffer (40 mM Tris-HCI, pH 8.0; 10 mM CaCl,;
and 0.01% NaN,) at 37°C for 36 hours. Finally, the gels were
stained for 30 minutes with 0.25% Coomassie blue R-250
followed by destaining with 10% glacial acetic acid and 40%
methanol for 7 hours. The protease activity was detected
using Image J version 1.47 software.

Protein extraction and Western blotting
analysis

Total protein of MGC803 cells or tumor tissues was extracted
using radioimmunoprecipitation assay lysis buffer (Beyotime
Institute of Biotechnology, Shanghai, People’s Republic of
China). Analysis of protein concentrations and Western blot-
ting were performed as previously described,'® with minor
modifications. Briefly, equal protein content was subjected

to 8% or 12% SDS polyacrylamide gel electrophoresis based
on the molecular weight of protein needed and transferred
onto polyvinylidene difluoride membranes (Merck Millipore,
Billerica, MA, USA). After blocking the nonspecific bind-
ing sites with 5% nonfat milk, the membranes were incu-
bated with the specific primary antibody at 4°C overnight
and washed three times for 10 minutes each time in Tris-
buffered saline and Tween 20. Then, the membranes were
incubated with horseradish peroxidase (HRP)-conjugated
goat anti-mouse or anti-rat secondary antibody for 1 hour
at 37°C. Protein bands were detected with an enhanced
chemiluminescence system using the Immobilon Western
Chemilum HRP Substrate kit (EMD Millipore) and were
semiquantified using Image J software.

Real-time polymerase chain reaction

Total RNA from the MGCS803 cells or tumor tissues was
extracted using TRIzol (Takara Bio Inc., Otsu, Shiga, Japan).
After RNA was quantified, cDNA was synthesized using the
Prime Script RT-PCR Kit (Takara Bio Inc.) according to the
manufacturer’s instruction. The primer sequences of targeted
genes used in the polymerase chain reaction are listed in
Table 1. Reactions were performed with the ABI PRISM
7500 System (Thermo Fisher Scientific). The analysis of the
relative concentration for targeted genes was performed using
the comparative cycle threshold (CT) (2744¢T) method.

In vivo xenograft tumor model

Xenograft tumor models were established by implanting
MGC803 cells subcutaneously as previously described.'®
At day 7 after tumor inoculation, mice implanted with cancer
cells were randomly distributed into four groups consisting of

Table | Primer sequences for real-time polymerase chain
reaction

Gene Primer sequence (5-3')
E-cadherin F: GGTCTCTCTCACCACCTCCA

R: CCTCGGACACTTCCACTCTC
Pcatenin F: CAACTAAACAGGAAGGGATG

R: CACAGGTGACCACATTTATATC
MMP-2 F: AGTTTCCATTCCGCTTCCAG

R: CGGTCGTAGTCCTCAGTGGT
MMP-9 F: AGTCCACCCTTGTGCTCTTC

R: ACTCTCCACGCATCTCTG
Spl F: CCTTCAGGGATTTCCAACTG
R: GTCCAAAAGGCATCAGGGTA

VEGF F: TTCTGAGTTGCCCAGGAGAC
R: GGAGCAGGAAGAGGATGAGG
CD34 F: TCCAGCAAACTCCAACTTATGA
R: AATAGCCAGTGATGCCCAAG
GAPDH F: GGCACAGTCAAGGCTGAGAATG

R: ATGGTGGTGAAGACGCCAGTA

Abbreviations: F, forward; R, reverse.
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seven mice each. The blank control group received 20 mL/kg
normal saline (NS) once-a-day by intraperitoneal injection for
3 weeks; the positive control group received cyclophosph-
amide (CTX, 25 mg/kg in 0.4 mL); the low-dose group
received low dose of As,S, (1 mg/kg in 0.4 mL); and the high-
dose group received relatively higher dose of As,S, (2 mg/kg
in 0.4 mL). The methods and times of administration of the
drug-treated groups were in accordance with the blank control
group. The weights of the mice and tumor sizes were mea-
sured every other day. The mice were sacrificed after treat-
ment for 3 weeks and tumors were harvested and processed
for Western blotting and immunochemistry assay.

Immunohistochemistry assay

The tumor specimens of the animals were fixed in 10% form-
aldehyde for 24 hours, embedded in paraffin, and sectioned
into 3 um-thick slices. Immunohistochemistry staining was
performed as previously described.!® Slides were incubated
with primary antibodies including E-cadherin (1:200),
B-catenin (1:200), VEGF (1:150), and CD34 (1:150) over-
night at 4°C, respectively. Finally, tissue sections were incu-
bated with HRP-labeled goat anti-mouse or anti-rabbit IgG
antibody for 1 hour at room temperature, followed by visu-
alization with DAB (BOSTER, Wuhan, People’s Republic
of China). The stained slides were observed and photographs
obtained using a light microscope (DMI3000 B).

Statistical analysis

Experiments were repeated independently three times and
experimental data were expressed as mean + standard devia-
tion. Data were analyzed using one-way ANOVA followed
by the least significant difference test or the Games—Howell
procedure. Statistical analysis was performed with SPSS
software (v 13.0; SPSS Inc., Chicago, IL, USA) to evalu-
ate the differences between groups. P<<0.05 was deemed a
statistically significant difference.

Results

As,S, suppressed the migration of GC
cells

We had reported that As S, inhibited the proliferation of GC
cells at concentrations between 0.31 uM and 10 uM.'® Based
on the results of MTT assay, concentrations of As,S, ranging
from 0.25 to 1 uM which did not significantly inhibit cell
viability or induce cell death were used for further examina-
tion. The wound-healing assay was performed to investigate
the effects of As,S, on GC cell migration. MGC803 and
AGS cells were treated with As S, (0, 0.25, 0.5, or 1 uM)

for 24 or 48 hours, individually. As shown in Figure 1A, the
wound-healing ability in MGCS803 cells decreased gradu-
ally in a dose-dependent manner with raised concentrations
of As,S,. The migration rates of MGC803 cells after treat-
ment with As,S, at 0, 0.25, 0.5, and 1 uM for 24 hours were
50.17%, 45.35%, 22.81%, and 16.69%, respectively (Figure
1B). Meanwhile, the percentages at 48 hours were 86.54%,
74.7%, 50%, and 44.96%, respectively (Figure 1C). Then, the
same effects were also discovered in AGS cells, with percent-
ages 0f 57.9%, 50.22%, 23.73%, and 18.44% after treatment
with As,S, for 24 hours, respectively (Figure 1D and E).

As,S, suppressed the invasion of GC cells
The effects of As,S, oninvasion of MGC803 cells were inves-
tigated using Transwell assays. MGC803 cells were exposed
to different concentrations of As,S, (0, 0.5, and 1 uM) for
12 and 24 hours, individually. After treatment with As,S, at
0.5 uM and 1 pM for 12 hours, the average invasion rates of
MGC803 were 71.61% (P<<0.01) and 35.3% (P<<0.001) of
the cell invasion at 0 UM, respectively. With the treatment
time of As,S, extended to 24 hours, the percentages were
33.8% and 19.1%, respectively (P<<0.001) (Figure 2). These
findings show that As,S, significantly suppressed the invasion
of MGCB803 cells in a dose- and time-dependent manner.

As,S, inhibited the activity of MMP-2 and
MMP-9 in MGC803 cells

To explore whether As,S,-induced GC cell migration and
invasion were associated with the activity of MMP-2 and
MMP-9, we investigated the effect of As,S, on the activ-
ity of MMP-2 and MMP-9 of MGC803 cells treated with
As,S, (0,0.25,0.5, 1, 2, and 4 uM) for 24 hours by gelatin
zymographic analysis. In the presence of As,S,, the level of
MMP-2 and MMP-9 activity was significantly decreased.
As shown in Figure 3A, the level of MMP-2 and MMP-9
activity was decreased in the presence of As,S, from 0.25
to 1 uM. With the concentration of As,S, increased to 2 uM
and 4 UM, the inhibitory effects on the activity of MMP-2
and MMP-9 appeared to be more obvious. This was likely
due to the reduction of the secretion of MMP-2 and MMP-9

which was induced by the cell cytotoxicity of As,S,.

As,S, regulated the expression of
metastasis-related proteins of MGC803

cells

E-cadherin is a kind of transmembrane glycoprotein which
plays a critical role in EMT and the metastatic process.
Meanwhile, B-catenin is one of the critical members of
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Figure 2 The effect of As,S, on gastric cancer cell invasion.
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Notes: (A) MGC803 cells were cultured in the upper part of a Transwell chamber coated with Matrigel. After treatment with 0, 0.5, and | UM As S, for 12 and 24 hours, cells
at the bottom of the chamber were observed under a phase-contrast microscope at a magnification of 200x. (B) The number of MGC803 cells that invaded the underside
of the porous polycarbonate after treatment with As,S, for 12 and 24 hours was calculated as a percentage of the invasion at 0 uM. Data represent the mean * standard

deviation of three independent experiments. *P<<0.05; **P<0.01; ***P<0.001.

the complex adhesive connection of E-cadherin/catenin.
Western blotting results showed that with the increase of the
concentration of As S,
in MGCS803 cells was upregulated, while the expression of

the expression of E-cadherin protein

[-catenin was downregulated (Figure 3B and C). KLF4 is a
zinc finger transcription factor which has a transcriptional
activation and suppression dual function in different cells.”!
KLF4 has been found to play a role as a tumor suppressor
gene in human GC.?? One study showed that KLF4 could bind
to the promoter of MMP-2 and E-cadherin directly to regulate
their expression.? In this study, we found the expression of
KLF4 protein was upregulated by As, S, when the expression
of E-cadherin was elevated (Figure 3B and C).

VEGF is one of the most effective factors that can induce
angiogenesis.?*? There is substantial evidence suggesting
that the expression level of VEGF is closely associated with
tumor metastasis and prognosis.?*?’ In addition, the upstream
regulatory element Spl could bind to the promoter site of
VEGEF to regulate the transcription of VEGF and further
manipulate tumor angiogenesis and metastasis. As shown in
Figure 3B, we found that there was an approximately 70%
reduction in the expression of VEGF after treatment with
As,S

,S,, while the expression of Sp1 was suppressed.

As,S, inhibited GC xenograft growth and
regulated the expression of metastasis-

related proteins

To investigate the effect of As,S, on tumor growth and metas-
tasis in vivo, we developed an animal model of GC, and the
tumor formation was monitored. Meanwhile, the expression

of associated proteins was measured by Western blotting and
immunohistochemistry assay. After treatment with As,S, for
3 weeks, the growth rate of groups treated with As,S, was
slower than that in the blank control group (P<<0.05). Tumor
growth inhibition in the positive control group (cyclophos-
phamide, 25 mg/kg), low-dose group (As,S,, 1 mg/kg), and
» 2 mg/kg) was 52.81%, 38.01%,

and 26.79%, respectively.'® As shown in Figure 4A and B,

high-dose group (As,S

the expression of E-cadherin in xenografts was significantly

upregulated after treatment with As,S,, while the expression

49
of VEGF and Sp1 was downregulated. We also examined the
effect of As,S, on the expression of E-cadherin, B-catenin,
MMP-2, MMP-9, Spl, VEGF, and CD34 in tumor tissues
at the RNA level (Figure 4C). Immunohistochemistry data
(Figure 4D) showed that As,S, treatment dramatically
increased the expression of E-cadherin and reduced the
expression of VEGF, consistent with the results of Western
blotting. In addition, the protein expression of B-catenin and
CD34 was decreased by As S, treatment, consistent with both

in vitro and in vivo data.

Discussion
As S

440
for thousands of years as an important alternative remedy for

atraditional Chinese medicine, has been used clinically

awide variety of diseases.’ Recently, an increasing number of
researches aim to develop As,S, as an anticancer agent.*'*!7-%%
The molecular mechanism of its antitumor effects in leukemic
cells is related to the ability to induce apoptosis'-'**-! and
the redistribution of PML-RAR« protein.!" Although we
previously demonstrated the anticancer activities of As S, in
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GC,'%" the therapeutic efficacy against tumor invasion and
metastasis and the underlying mechanism remained unclear.
Thus, we examined the inhibitory effects and related molecu-
lar mechanisms of As,S, on GC invasion and metastasis.

In the present study, we have demonstrated that As,S,
has the ability to inhibit GC invasion and migration
(Figures 1 and 2). As,S, also inhibited the enzymatic activi-
ties of MMP-2 and MMP-9 in MGC803 cells (Figure 3A).
In addition, using xenograft as a model, we found that As S,
suppressed the ability of tumor growth and invasion effec-
tively (Figure 4). Furthermore, our study also indicates that
the inhibitory effects might involve a variety of mechanisms
which consist of increasing tumor cell adhesion, decreasing
the ability of tumor cells to destroy the basement membrane,
and blocking angiogenesis. This is the first report related to
the inhibitory effects and the molecular mechanisms of As S,
on GC invasion and metastasis.

Several previous studies have shown that MMPs, as
important enzymes degrading the extracellular matrix, played
important roles in tissue repair, angiogenesis, apoptosis,
tumor invasion, and metastasis.’>>* As important members
of the MMP family, increases in activity and expression of
MMP-2 and MMP-9 have been frequently observed in many
human cancers with invasive and metastatic capability.’>*¢ In
our study, the enzymatic activities and expressions of MMP-2
and MMP-9 in GC were confirmed by gelatin zymography
assay and real-time polymerase chain reaction analysis.
We found that As,S, apparently reduced the activities of
MMP-2/9 in MGC803 cells (Figure 3A) as well as the expres-
sions of MMP-2/9 in tumor tissues (Figure 4D). Moreover,

A
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As,S, As,S,

P

E-cadherin

VEGF

B-actin

Sp1

B-actin

Figure 4 (Continued)

compared with the control group, the suppression effect
of As,S, was more significant with the dosage increased.
Moreover, the Transwell assay findings indicated that As S,
inhibited the movement of MGC803 cells through the poly-
carbonate membrane filter in a dose- and time-dependent
manner (Figure 4), and that is the biological phenomenon
associated with the inhibition of expressions and activities
of MMP-2/9.

It is well established that the invasion and metastasis
of tumor involves multiple biological processes, including
cell proliferation, motility, and adhesion; degradation of
the basement membrane; neovascular invasion; metastatic
deposit; and other aspects.'*¥” Studies*** have shown that
primary tumor invasion and metastasis often started with
the decreased tumor cell adhesion which leads to the spread
of tumor cells from their original locations. E-cadherin is
a transmembrane glycoprotein that plays a critical role in
EMT and the metastatic process. It has been reported that
E-cadherin is widely expressed on the surface of normal epi-
thelium cells and is considered to be a tumor suppressor gene
in many malignancies. Its expression is closely correlated
to the prognosis.*** In this study, we showed by Western
blotting analysis that As,S, treatment significantly increased
the expression of E-cadherin in MGC803 cells (Figure 3B).
Meanwhile, we found that the increased E-cadherin protein
level was correlated with the upregulation of KLF4 and the
downregulation of B-catenin in MGC803 cells (Figure 3B).

In this study, we also evaluated the expressions of VEGF
and Spl by Western blotting. Our data showed that As,S,
significantly downregulated the level of VEGF and Spl in
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Figure 4 Effect of As,S, on the expression of proteins associated with invasion and metastasis in xenograft mice.

Notes: (A) Total protein from the tumor was extracted, and the expressions of E-cadherin, VEGF, and Sp| protein were detected by Western blotting. B-actin was used as
a loading control. (B) Protein quantification of the Western blotting results shown in (A). (C) Relative expressions of mRNA levels of E-cadherin, B-catenin, MMP-2, MMP-9,
Spl, VEGF, and CD34 in tumor tissues. (D) The expression of E-cadherin, B-catenin, VEGF, and CD34 in tumor tissues was detected by immunohistochemical assay under a

light microscope at a magnification of 200x. These data are representative of at least three independent experiments. *P<<0.05; **P<<0.01; ***P<<0.001.

Abbreviations: CTX, cyclophosphamide; NS, normal saline.

MGCS803 cells (Figure 3B), and this inhibitory effect was
dose-dependent. These results indicate that the inhibitory
effect of As,S, may be related to the suppression of blood
vessel formation.

By establishing the xenograft model of GC, we also
assessed the inhibitory effects of As,S, in GC in vivo. We
found that As,S, inhibited the growth of GC. The tumors
in the blank control group (NS) showed a more aggressive
phenotype and more prominent vascular circulation com-
pared with the As,S -treated groups. As,S, upregulated the
expression of E-cadherin and KLF4 but downregulated the
expression of B-catenin, MMP-2/9, VEGF, SP1, and CD34
in the tumor tissues of xenograft mice (Figure 4). These find-
ings were certainly consistent with the observations in vitro
and further indicate that As S, may be a potential candidate
as an active agent for inhibiting GC metastasis. In order to
further observe the effects of As,S, on tumor invasion and
metastasis in vivo, we plan to establish models of human
gastric carcinoma in nude mice by orthotopic transplantation
in our future studies. Such models would allow us to monitor
the tumor growth and distant metastasis by using the whole-
body fluorescence imaging technique.

Conclusion

Our results demonstrate that As,S, can effectively inhibit the
migration and invasion of GC cells. This inhibitory effect
may be a result of As,S, effecting multiple mechanisms,
including increasing the ability of tumor cell adhesion,
decreasing the ability of tumor cells to destroy the basement
membrane, and reducing angiogenesis.
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Supplementary material

Figure S| The chemical structure and natural form of As S,.
Notes: (A) The chemical structural formula of the eightfold complex of As,S,. (B) The natural form of realgar, which is the precursor of As S .
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