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Abstract

AIM: To investigate the effect of angiopoietin-1 (Ang-1)
on biological behaviors /n vitro and tumorigenesis and
angiogenesis /n vitro of human gastric cancer cells.

METHODS: Human full-length Ang-1 gene was cloned
from human placental tissues by RT-PCR method.
Recombinant human Ang-1 antisense eukaryotic
expression vector was constructed by directional cloning,
and transfected by lipofectin method into human gastric
cancer line SGC7901 with high Ang-1 expression level.
Inhibition efficiency was confirmed by semi- quantitive
PCR and Western blot method. Cell growth curve and
cell cycle were observed with MTT assays and flow
cytometry, respectively. Nude mice tumorigenicity
test was employed to compare /n vitro tumorigenesis
of cells with Ang-1 suppression. Microvessel density
(MVD) of implanted tumor tissues was analyzed by
immunohistochemistry for factor VIII staining.

RESULTS: Full-length Ang-1 gene was successfully
cloned and stable transfectants were established,
namely 7Angl- for antisense, and 7901P for empty
vector transfected. 7Ang1- cells showed down-regulated
Ang-1 expression, while its /n vitro proliferation and
cell cycle distribution were not significantly changed.
In contrast, xenograft of 7Ang1- cells in nude mice had
lower volume and weight than those of 7901P after
30 days’ implantation (P<0.01, 293.00+95.54 mg
vs. 624.00£77.78 mg) accompanied with less vessel
formation with MVD 6.00+1.73 compared to 7901P
group 8.44+1.33 (P<0.01).

CONCLUSION: Ang-1 may play an important role in
tumorigenesis and angiogenesis of gastric cancer, and
targeting its expression may be beneficial for the therapy
of gastric cancer.
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INTRODUCTION

Angiopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2), two
main members of angiopoietins family, are involved
in both physiological and pathological angiogenesis
processes. Ang-1 has been identified as a major activator
of the tyrosine kinase receptor Tie2, leading to receptor
autophosphorylation on binding. Ang-1 also stimulates
endothelial cell migration 7 vitrd"?. Ang-2 is the naturally
occurring antagonist to Ang-1 and inhibits Ang-1
mediated Tie2 phosphorylation; this effect leads to
vessel destabilization, a necessary step in the initiation of
angiogenesis™.

Ang-1 and Ang-2 have been reported to be involved in
several kinds of cancers, while their roles in gastric cancer
progression and angiogenesis are still not fully understood.
There have been several reports declaimed the effect of
Ang-1 on tumorigenesis of human astrocytomas™, breast
cancer'! and colorectal adenocarcinoma. Previous report
has identified that Ang-2 plays an important role in gastric
D1 while little is
known about the roles of Ang-1 in gastric cancer.

In the present study, we aimed to investigate the effect
of Ang-1 on the biological behaviors and tumorigenesis

cancer angiogenesis and progression

and angiogenesis of human gastric cancer cells by
modifying Ang-1 expression in SGC7901 gastric cancer
cells by in vivo and in vitro examinations. Our results
revealed that inhibition of Ang-1 expression would retard
gastric cancer angiogenesis and progression.

MATERIALS AND METHODS

Tissue specimens and cell lines
Fresh placental tissue was obtained from the Department
of Gynaecology and Obstetrics, Xijing Hospital, X1’
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an, China, with informed consent from the patients.
Human gastric cancer cell line SGC7901 with high Ang-1
expression was preserved in our institute and cultured in
RPMI1640 supplemented with 100 mL/L bovine serum.
Ang-1 antisense eukaryotic expression vector was con-
ducted by RT-PCR method and directional cloning. Total
RNA of fresh human placental tissue was extracted with
Trizol (Life Technologies, Carlsbad, USA) according to
the manufacturer’s protocol. About 1 pg of total RNA
was used for first strand cDNA synthesis according to the
manufacturer’s instructions. The full-length human Ang-1
cDNA was cloned using primer pairs: 5’-gagggooaaagagt-
caaacaaac-3’ and 5’-cttgaccgtgaatctggagee-3’. PCR param-
eters wete 94 C for 1 min, annealing at 60 ‘C for 1 min,
and 72 ‘C for 2 min for 30 cycles, and the product was
vetified by 8 g/L gel electrophoresis. Sequence of PCR
product was verified by the ABI PRISM 377 DNA Se-
quencer (Sangon, Shanghai, China). After PCR, the 1.9-kb
fragment was cloned into the pMD18-T vector (Takara,
Dalian, China) followed by Hizdlll and BamH 1 digestion
and ligated into pcDNA3.1-Vs-His C expression vector
(Invitrogen, Carlsbad, CA) named as pcDNA3.1-Angl-.

The sequence was confirmed by sequencing analysis.

Cell transfection

SGC7901 cells were plated and grown to 80% confluency
without antibiotics. Stable transfections of pcDNA3.1-
Angl- and empty vector, pcDNA3.1-Vs-His C, were
performed with Lipofectamine 2000 (Invitrogen, Carlsbad,
CA) as directed by the manufacturer. Transfected cells
were selected with 300 mg/L G418 after 48 h. Clones
were picked and expanded for an additional 2 months.
Efficiency of Ang-1 suppression was confirmed by RT-
PCR and Western blot methods.

Semi-quantitative RT-PCR

Semi-quantitative RT-PCR was employed to compare the
gene expression in different transfectants. The number of
optimal replications was determined based on the linear
correlations between cycle numbers and PCR products.
Gene expression was presented by the relative yield of the
PCR product from target sequences to that from GAPDH
gene as control. PCR primers and reaction parameters
were chosen according to the literature ' and listed as
follows: Ang-1, 5-ACTGTGCAGATGTATATCAAG
C-3’ and 5>-GTGGAATCTGTCATACTGTGA A-3%;
GAPDH, 5 -TGGGTGTGAACCATGAGAAGTA-3’
and 5-CGCTGTTGAAGTCAG AGGAGA-3’. The PCR
parameters were 94°C for 1 min, annealing at 60°C for 1
min, and 72°C for 1 min for 32 cycles for Ang-1 and 94°C
for 30 s, annealing at 52°C for 30 s, and 72°C for 45 s for
32 cycles for GAPDH.

Western blot analysis

Equal amounts of the extracted protein of cells were sepa-
rated by 100 g/L SDS-PAGE; The protein bands were
electro-transferred to nitrocellulose membrane. Expres-
sion of Ang-1 was analyzed using primary antibody (kindly
provided by Micheal Hanner from Renegeron Pharmaceu-
ticals, USA), followed by corresponding second antibody
(Zhongshan, Beijing, China ), then visualized by enhanced

chemiluminescence (ECL, Amersham—Pharmacia Biotech,
Beijing, China). Relative protein levels were calculated to
B-actin as standard.

MTT assay

Exponentially growing cells were harvested and suspended
in 96-well flat-bottomed plates (200 pL /well) (Costar).
After incubation for 1, 3, 5 and 7 d, respectively, 20 pL. of
MTT solution (5 g/L) (Sigma, St louis, MO) was added to
each well and further incubated for 4 h. One hundred and
fifty uL. of dimethylsulfoxide was added before absorbance
at 490 nm was measured with a microplate reader BP800

(BIOHIT).

Cell cycle analysis

To evaluate whether the inhibition of Ang-1 would exert
any effect on the cell cycle distribution of SGC7901
cells, we performed cytofluorimetric analysis. Briefly, cells
were fixed with 70% ice-cold ethanol and stored at 4°C
overnight, washed with PBS, and stained with propidium
iodide (PI) (50 mg/L) for 30 min. Cell cycle histograms
were generated after analysis of Pl-stained cells by
fluorescence activated cell sorting (FACS) with a Becton-
Dickinson FACScan.

In vivo tumorigenicity

To investigate whether or not Ang-1 suppression would
alter the tumorigenicity of SGC7901 cells, nude mice bred
in our animal facilities were used with body weight range
from 18 to 22 kilograms. Four X 10° cells were injected
subcutaneously into the right flank of nude mice. The
experiment was performed on five mice in each group. The
mean tumor volume was weekly measured and calculated
according to the formula: a X (b) ’X 0.5 (a = largest
diameter, b = perpendicular diameter). All mice were
sacrificed after 30 d and the subcutaneous tumor graft
were surgically excised from the mice, fixed with formalin
and paraffin-embedded 4-pum sections were prepared for
immunohistochemical analysis.

Immunohistochemistry

Factor VIII staining was used to identify the microvessels
in the tumor tissues by immunohistochemical method as
usual. Briefly, after paraffin-embedded tissue sections were
deparaffinized in xylene and rehydrated in alcohol, sections
were incubated in 3 mL/L H20:2 to block endogeneous
peroxidase activity. Each slide was incubated with normal
goat serum for 20 min at room temperature, then rabbit
anti-factor VIII related antigen antibody (Dako, MedBio
Ltd, New Zealand) diluted at 1:100 was applied on
sections and incubated overnight at 4°C. After incubation
with biotinylated goat anti-rabbit IgG (dilution 1:200)
for 30 min at 37°C, each slide was rinsed in phosphate-
buffered saline and was incubated in the avidin-biotin
peroxidase complex for 30 min at 37°C. The peroxidase
was visualized with 3-3’-diamino- benzidinetetrahydro
chloride (DAB) solution and then counterstained with
hematoxylin.

MVD evaluation
MVD was assessed according to the international
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Figure 1 Verification of suppressive efficiency in parental and transfected cells.
A: semi-quantitive RT-PCR. B: western blot. M: DL2000 marker; 1: SGC7901; 2:
7901P; 3: 7TAng1-.

consensus report'”. Immuno stained slides were scanned
at X 100 magnification to identify the areas with the
highest number of vessels (so called “hot spot”). Counts
were performed on five fields in the hot spot by two
independent pathologists at X 200 magnification and the
mean was taken and analyzed.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 10.0, SPSS Inc, Chicago). The ANOVA test was
used to compare the differences between groups for MVD,
tumor weight and volume. Differences were considered
statistically significant at P<0.05.

RESULTS

Construction of Ang-1 antisense eukaryotic expression
vector

Full length Ang-1 gene was amplified from placental tis-
sues and cloned into pMD 18-T vector, then cut by by
Hindlll and BamH 1 digestion which would ensure inverse
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Figure 2 Proliferation of SGC7901-derived cells.

directional ligation into pcDNA3.1-Vs-His C expression
vector. The combined antisense expression vector named
as pcDNA3.1-Angl- was verified as expected by sequenc-

ng.

Transfectants of SGC7901-derived cells

Stable transfectants of 7901-derived cells were obtained
by Lipofectamine 2000 transfection, named 7Angl-
for pcDNA3.1-Angl- and 7901P for empty vector-
transfected cells. We could clearly find that moderate
targeted-inhibition effect was detected in 7Angl- cells at
both mRNA (Figure 1A) and protein (Figure 1B) levels, in
contrast, control experiment with the empty vector alone

showed a negligible effect on Ang-1 expression (Figure 1).

Proliferation and cell cycle of SGC7901-derived cells

To determine if interference of Ang-1 expression has
an effect on the proliferation and cell cycle distribution
of SGC7901 cells, MTT assay and FACS method
were utilized, respectively. According to Figure 2, the
proliferation of 7Angl- cells was not significantly
changed compared to that of 7901P cells. In addition,
cell cycle distribution of Angl- and 7901P were 71.9%
and 59.2% for Gi phase, 15.3% and 12.5% for Gz phase,
25.5% and 15.6% for S phase, 0.328 and 0.281 for the
proliferation index, respectively. Taken together, it suggests
that interfering Ang-1 has no direct effect on in vitro
proliferation and cell cycle of gastric cancer cells.

In vivo tumorigenicity of SGC7901-derived cells

Xenograft model was employed to compare the tumorige-
nicity of SGC7901 cells before and after Ang-1 inhibition.
Subcutaneous tumor node of different groups became
palpable almost simultaneously after 7d transplantation.
Tumor from 7Angl- cells appeared to grow slower than
those from 7901P cells after 16 d (Figure 3). Finally, tumor
grafts were collected and weighed after 30 d, and tumor
tissues derived from 7Angl- cells showed significantly
decreased weight compared to those from 7901P cells
with mean tumor graft weight (mg) being 293.0 £ 95.5 for
7Angl- and 624.0 £77.8 for 7901P cells (P<0.01).

To further elucidate whether reduced angiogenesis
account for the suppressed # vivo growth of 7Angl- cells,
MVD was assessed by immunohistochemistry. As shown
in Figure 4, microvessels could easily be observed by factor
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Figure 3 In vivo growth of tumor xenograft.

Figure 4 Factor VIII
positive tumor
microvessels (SABC
e X 200).

VIII staining. Statistics analysis showed a significantly less
MVD was present in 7Angl- group 6.0 1.7 compared to
8.4%1.3 in 7901P group (P<0.05). This result indicated
that suppressed 77 vivo tumorigenicity of 7Angl- cells
might be mediated through reduced angiogenesis.

DISCUSSION

Gastric cancer remains a common malignancy in many
countries of the world, especially in Asia, and is still
among the most important causes of cancer-related
death worldwide!™. Its conventional treatment includes
surgery, radiation and chemotherapy. Nowadays, increasing
evidence has shown that angiogenesis is essential for the
growth of solid tumor and tumor angiogenesis research
has become one of the most active fields for anticancer
therapies.

Several studies suggested that VEGF receptor
pathway and Tie2 pathway are independent and essential
mediators of angiogenesis and both play important roles
in the tumor angiogenesism’ﬁ]. Tie2 is a novel endothelial
cell-specific molecule involved in both physiological
and pathological processes. Tie2 is required for normal
vascular development perhaps via the regulation of
vascular remodeling and endothelial cell interactions with
supporting pericytes and smooth muscle cells”. Previous
report found that inhibition of Tie2 using a kinase-
deficient Tie2 construct or an adenoviral vector delivering
a recombinant single-chain antibody fragment into body
would inhibit the growth of human tumor xenograftsm’ﬁ].

Four ligands for the Tie2 receptor have been identified

so far, named Ang-1 to -4. Among them, Ang-1 and -2
were mainly associated with tumor angiogenesis'”. The
findings from functional study of Ang-2 in several types
of tumor showed that Ang-2 could stimulate tumozr
angiogenesis, thus promoting tumor progress'””*",
while those from Ang-1 showed great heterogeneity. For
example, Zadeh ef a/” found that Ang-1 increased the
vascular growth of both subcutaneous and intracranial
xenografts of astrocytoma; also, Ang-1 promoted tumor
angiogenesis and tumor vessel plasticity of human cervical
cancer in mice”, In contrast, others have reported that
Ang-1 could inhibit angiogenesis and growth of hepatic
# and suppress breast cancer xenograft
angiogenesis by blocking tumor neovasculature'”. Taken
together, it suggests that the role of Ang-1 in tumor
progression may be context-dependent.

Our previous study found that Ang-1 was highly
expressed in SGC7901 cells®) while its expression in
7Angl- cells was effectively reduced using antisense
method in the present study. Further study revealed that
the biological behaviors including proliferation and cell
cycle of 7Angl- cells were not significantly changed, so
it seemed that interfering Ang-1 could not alter 7z vitro
growth of SGC7901 cells directly; this is similar to other
studies” in which growth of the gastric cancer cells was
not affected by transfection with Ang-2.

Tumorigenicity assay showed that tumor xenograft of

and colon cancer

7Angl- group grew slower as their volume and weight
were smaller than those from control group. MVD
assessment showed significantly decreased angiogenesis
in tumor from 7Angl- group, indicating inadequate blood
supply might account for suppressed 7 vivo growth. To our
best knowledge, this is the first direct evidence for the role
of Ang-1 in gastric cancer angiogenesis. However, in initial
stage of tumor progression, two groups did not show
significant difference, and until 16 d after transplantation
the suppressive effect appeared dramatic when tumor grew
larger. This result is consistent with our previous study in
which suppressing the expression of VEGF in SGC7901
cells did not exert any significant effect on its proliferation
but restricted its i viro growth in nude mice™. Collectively,
it infers that suppressing either VEGF or Ang-1 cannot
prohibit the onset of tumor, but may slow iz vivo growth
of tumor cells by inhibiting angiogenesis. It was reported
that Ang-2 was implicated in angiogenesis and progression
of gastric carcinoma via induction of proteases such as
MMP-1 and -9, Combining result from our present and
previous studies that significant expression of Ang-1 and
Ang-2 was found in human gastric cancer tissues and cell
lines™, it infers that both Ang-1 and -2 participate in the
angiogenesis and progression of gastric cancer. Previous
studies indicated that Ang-1 induced the secretion of
MMP-2 and small amounts of proMMP-3 and proMMP-9
in endothelial cells®, whether or not this effect is involved
in the mechanism of Ang-1 contribution to gastric cancer
and progression is still unclear, however it still could
be concluded from our present study that stimulating
angiogenesis by Ang-1, in part at least, could promote
tumor progtess.

In summary, Ang-1 may contribute to the progression
of gastric cancer and inhibiting its expression in gastric

www.wjgnet.com
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cancer cells could suppress iz vivo tumorigenicicy. It could

also be a useful therapeutic tatget to prevent gastric cancer

or inhibit its malignant progression. Tumor angiogenesis
is a multi-factor associated process, and recent study
showed that simultaneous phenotypic knockout of
VEGF-R2 and Tie2 with an intradiabody could effectively
reduce tumor growth and angiogenesis in vivo™. Tt

suggests that combination of targeting main angiogenesis
modulators including VEGE, Ang-1 and Ang-2 and their
corresponding receptors can be beneficial for tumor
therapeutics.
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