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Abstract

AIM: To observe the biologic behavior of pancreatic cancer
cells in vitro and in vivo, and to explore the potential value
of angiostatin gene therapy for pancreatic cancer.

METHODS: The recombinant vector pcDNA3.1(+)-
angiostatin was transfected into human pancreatic cancer
cells PC-3 with Lipofectamine 2000, and paralleled with
the vector and mock control. Angiostatin transcription and
protein expression were determined by immunofluorescence
and Western blot. The stable cell line was selected by
G418. The supernatant was collected to treat endothelial
cells. Cell proliferation and growth in vitro were observed
under microscope. Cell growth curves were plotted.
The troms-fected or untroms-fected cells overexpressing
angiostatin vector were implanted subcutaneously into
nude mice. The size of tumors was measured, and
microvessel density count (MVD) in tumor tissues was
assessed by immunohistochemistry with primary anti-CD34
antibody.

RESULTS: After transfected into PC-3 with Lipofectamine
2000 and selected by G418, macroscopic resistant cell
clones were formed in the experimental group transfected
with pcDNA 3.1(+)-angiostatin and vector control. But
untreated cells died in the mock control. Angiostatin
protein expression was detected in the experimental group
by immunofluorescence and Western-blot. Cell proliferation
and growth in vitro in the three groups were observed
respectively under microscope. After treatment with
supernatant, significant differences were observed in
endothelial cell (ECV-304) growth in vitro. The cell
proliferation and growth were inhibited. In nude mice
model, markedly inhibited tumorigenesis and slowed
tumor expansion were observed in the experimental group
as compared to controls, which was parallel to the decreased

microvessel density in and around tumor tissue.

CONCLUSION: Angiostatin does not directly inhibit human
pancreatic cancer cell proliferation and growth in vitro,
but it inhibits endothelial cell growth in vitro. It exerts the
anti-tumor functions through antiangiogenesis in a
paracrine way in vivo.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Angiogenesis means the formation of  new blood vessels
and is indispensable to various physiological processes
including reproduction, development, wound repair, and
tissue regeneration. There is evidence that tumor growth
and metastasis are accompanied with the growth of new
blood vessels, which proves the rationality and feasibility
of anti-angiogenic therapy for tumor[1,2].

Pancreatic cancer is the second most common cause of
death from any type of gastrointestinal diseases in the United
States[3]. The common treatment of pancreatic cancer is
suboptimal and the prognosis of patients is poor[4].

Although pancreatic cancer is not a grossly vascular
tumor, this malignancy often exhibits enhanced foci of
endothelial cell proliferation. But several[5-7] studies have
reported a positive correlation between blood vessel density.
Angiogenesis may play an important role in this disease.
Angiostatin plays a key role in regulating endothelial
cell proliferation and migration during the process of
angiogenesis[8,9] and inhibits the growth of a variety of
murine and human tumors[10].

We transfected eukaryotic vector encoding mouse
angiostatin into human pancreatic cancer cells to observe
the anti-tumor function of angiostatin and to explore the
potential activity in gene therapy for pancreatic cancer.

MATERIALS AND METHODS

Cell lines and reagents
Recombinant vector pcDNA3.1(+)-angiostatin was



identified by restriction endonuclease digestion and
sequencing. The human pancreatic cancer cell line PC-3
and endothelial cell line ECV-304 were purchased from
China Center for Type Culture Collection. PvuI was purchased
from Bioson Corporation. Lipofectamine™ 2000 and G418
were purchased from Gibco Company; Rabbit anti-HAtag
multiclonl antibody was presented by JichengZhang doctor;
FITC was purchased from Boster Biological Technology
Co. CD-34 was purchased from Beijing Zhongshan Golden
Bridge Biotechnology Co.

Cell culture
Pancreatic cancer cells and endothelial cells were cultured
in RPMI1640 (Gibco) supplemented with 10% fetal
bovine serum (FBS) (Sijiqing, Hangzhou, China), penicillin
(100 U/mL) and streptomycin (100 mg/mL) in a humidified
atmosphere of 50 mL/L CO2 at 37 ℃.

Transfection
Pancreatic cancer cells (PC-3) in logarithmic growth phase
were implanted in 24-well plates at 2×105 cells/well, and
approximately 80% confluence was obtained, after overnight
incubation. pcDNA3.1(+)-angiostatin was digested by Pvu
I according to the protocol of the manufacturer, and the
recombinant was linearized. DNA/Lipofectamine 2000
complexes were prepared and transfected according to
the protocol of the manufacturer. The experimental group
and the vector control was designed with pcDNA3. 1(+)
and the mock control with Lipofectamine 2000. After 12 h
of transfection, the selective medium containing G418
(50 mg/L) was used to culture cells for 14 d. Then the
isolated resistant cell clones were selected and amplified.

Analysis of angiostatin by immunofluorescence cytochemistry
and Western blot
PC-3 with pcDNA3. 1(+) angiostatin in logarithmic growth
phase was implanted in 6-well plates. After 24 h, the glass
flake was taken out and immunofluorescence cytochemistry
was carried out according to manufacturer’s instructions, and
the expression was detected under fluorescent microscope.

The cells were cultured in a conditioned media for 5 d.
Cell supernatant was mixed with lysine-sepharose and
incubated at 4 ℃ overnight. Detection was performed by
the enhanced chemiluminescence (ECL) Western blotting
analysis system according to the manufacturer’s instructions.

Inhibitory on vascular endothelial cells
In logarithmic growth phase, the supernatant was collected.
Endothelial cells ECV-304 were treated with supernatant
separately for 7 d (supernatant/medium = 1/9), and counted
under microscope.

Viable cell number counting and growth curve
Pancreatic cancer cells (PC-3) and endothelial cells (ECV-304)
were plated on 24-well plates at 1×104 cells/well and
cultured for 7 d. Viable cells was counted under microscope
and growth curves were plotted.

Tumor models
Balbc nude mice were randomly divided into three groups,

5 in each group. The experimental group with pcDNA3.1
(+)-angio/PC-3, the vector control with pcDNA3.1(+)/
PC-3 and the mock control with untransfected PC-3 were
separately injected subcutaneously with pancreatic cancer
cells PC-3 at 1.0×106cells each mouse. After 56 d, the mice
were killed to measure the size of  tumor formed and to
calculate the percentage of inhibition on tumorigenesis
in vivo.

Quantitative analysis for microvessel densities (MVD)
Tumor tissues were fixed and embedded in paraffin. MVD
was detected by immunohistochemistry SP method, and
counted in four fields under light microscope (200× selected
randomly).

Statistical analysis
To determine statistical significance, data were analyzed by
statistical software of SPSS 10.0, Student’s t test and 2 test.

RESULTS

Vector-mediated expression and secretion of angiostatin

in vitro
Pancreatic cancer cells (PC-3) transfected with the
corresponding vectors were selected by G418 for 14 d.
The experimental and vector control groups formed
macroscopic cell clones, but the mock group of cells was
dead completely after 8 d of selection. Immunofluorescence
showed signals of angiostatin in the experimental group of
cell clones genetically engineered, but not in the controls
(Figure 1A). Western blot analysis of  cell supernatants
(Figure 1B) revealed the detected protein with the size
(5 800 kb) being consistent with angiostatin in the experimental
group, whereas no specific band was observed in the controls.

Figure 1  Angiostatin protein expression by immunofluorescence (A) Western blot
analysis (B). M: Marker; lane 1: PBScontrol; lane 2: PC-3; lane 3: PC-3pcDNA3.1(+);
lane 4: PC-3/pcDNA3.1(+).
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Biological activity of angiostatin protein expression in vitro
To detect biological activity of  the encoded angiostatin
in vitro, tumor cells transduced with and without the
corresponding vectors were cultured for 7 d to make cell
growth curve (Figure 2A). Under microscope, no obvious
difference was observed in the cell morphology among
the three groups of  cells. Cell growth curves indicated no
change in cell growth speed and doubling time among the
three groups. These results indicated that upregulated
angiostatin expression could neither directly inhibit cell
growth and proliferation, nor affect cell cycle in vitro. But
biological activity of the cell treated with supernatant of
PC-3/pcDNA3.1(+)-angiostatin, the growth was obviously
inhibited. The growth of the vector and mock control groups
was similar to that of  normal (Figure 2B). These results
indicated that angiostatin expression could directly inhibit
endothelial cell growth and proliferation in vitro.

Figure 2  Cell growth curves of PC-3 (A) and ECV-304 (B).

Biological activity of angiostatin protein expression in vivo
Macroscopic tumors were observed on d 10, after injection

of angiostatin developed fast in the vector and mock control
groups of nude mice. However, no macroscopic tumors
were observed until 14 d, after injection of  angiostatin in
the experimental group and tumors developed slowly.
After 56 d of injection of angiostatin, no mice died in
the three groups and the tumors were resected and measured.
Small pale tumor nodules were observed in the angiostatin-
transfected tumors, whereas red and hypervascularized
large tumors were present in the vector-transfected control
and mock control tumor cells. The average size of tumors
in the experimental group was 6.2×10-2 cm3, much less than
the average size of the vector control 1.4×10-2 cm3 and
the mock control (Figure 3). The inhibition of angiostatin
overexpression reached 77%.

Tumor tissue in the experimental group was more
vascularized than in the control groups. Greater microvascular
density were found by immunohistochemical staining in
tumors in the experimental group than in the vector or
mock control groups respectively (P<0.01, Figure 4). The
results indicated that overexpression of angiostatin could
decrease tumorigenesis by inhibiting neovascularization in
tumors in vivo. Angiostatin might have inhibitory actions on
surrounding tumor tissues and indirectly inhibit tumorigenesis.

Figure 3  Tumors formed in nude mice by PC-3/pcDNA-angio, PC-3/pcDNA,
and PC-3 cells (n = 5). A: PC-3/pcDNA3.1(+)-angio; B: PC-3/pcDNA3.1(+); C:
PC-3.

DISCUSSION

Angiogenesis is critical for normal and pathologic processes
in new blood vessel formation and plays an important role
in the growth and spread of cancer. New blood vessels
“feed” cancer cells with oxygen and nutrients, allow these

Figure 4  MVD in immunochemistry staining. A: PC-3/pcDNA-angiostatin; B: PC-3/pcDNA3.1; C: PC-3. SP×200.
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cells to grow, invade nearby tissue, spread to other parts of
the body, and form new colonies of  cancer cells. At the
prevascular stage, tumor is unable to grow to a size beyond
2-3 mm3 and remains in its dormant state. However, once
the angiogenic phenotype of the tumor is switched on, tumor
growth rate changes from linear to exponential[11-14].

Angiogenesis begins, when a fibrin clot forms on the
adventitial surface of an existing blood vessel[15], followed
by sprouting of new capillaries. The initial phase begins
with increased vascular permeability and local degradation
of the vessel wall. Endothelial cells enter the tumor stroma
and proliferate. At this time, the cells may be most vulnerable
to agents that interfere with their proliferation, since they
lack protection from other cell types[16]. The next step in
vessel formation is recruitment of  pericytes, followed by
smooth muscle cells.

Angiogenesis is a process controlled by certain chemicals
produced in the body. These chemicals stimulate cells to repair
damaged blood vessels or form new ones such as vascular
endothelial growth factor (VEGF)[17], basic fibroblast growth
factor (bFGF)[18], acidic fibroblast growth factor (aFGF),
Interleukin-8, angiogenin, placental growth factor (PGF)[19],
transforming growth factor-TGF, [20], other chemicals
are inhibitors such as angiostatin[21], thrombospondin-1[22],
16-kd prolactin fragment[23], Interferon-, [24], Endostatin[25].
Because cancer cannot grow or spread without the formation
of new blood vessels[26], scientists are trying to find ways to
stop angiogenesis.

Tumor angiogenesis is often the consequence of  an
angiogenic imbalance in which pro-angiogenic factors
predominate over anti-angiogenic factors[27]. Furthermore,
angiogenesis is essential for growth and metastasis of most
solid cancers. Pancreatic cancer is not a grossly vascular
tumor, but is related to angiogenesis[28]. Anti-angiogenic
treatment may be necessary and has potential for treatment
of  pancreatic cancer.

Angiostatin was first isolated as a circulating angiogenesis
inhibitor. The structure of angiostatin includes the first
four-kringle domains of plasminogen. Amino acid sequence
analysis of kringle domains of human angiostatin has shown
that K1, K2, K3, and K4 display considerable similarity
(about 50% identity). Among these individual kringles, K1
has been identified as the most potent inhibitor of endothelial
cell growth. K3 has higher inhibitory potency than K2.
Surprisingly, K4 is virtually inactive in suppression of
endothelial cell growth. Indeed, a short version of angiostatin
only containing the first three kringle domains without K4
(K1-3) seems to be more active than K1-4 in inhibition of
endothelial cell growth[29]. Angiostatin inhibits proliferation
of endothelial lineages in a dose-dependant manner, but not
in the proliferation of  normal and neoplastic nonendothelial
cell lines[30]. Human angiostatin inhibits the growth of
transplanted human breast carcinoma, colon carcinoma and
prostate carcinoma in mice, without obvious weight loss or
other toxicity observed. It causes human primary carcinomas
to regress to a dormant state by a net balance of  tumor cell
proliferation and apoptosis[31]. Although angiostatin is a potent
inhibitor of angiogenesis and tumor growth, the need of high
dosages, repeated injections and long-term administration
of this protein has made it less attractive for clinical trials.

In our study, mouse angiostatin cDNA was transfected
into human pancreatic cancer cells PC-3, and stable cell
lines expressing the secreted angiostatin were proved by
immunofluorescence and Western-blot. Although angiostatin
has no direct effect on pancreatic cancer cell PC-3 growth
in vitro, the supernatant of stable cells inhibited the growth
of  endothelial cells ECV-304. The stable cell clones were
implanted in the back of nude mice and the tumor growth
inhibition rate of primary tumor growth was 77%, tumor
growth inhibition is related to vascularization. According to
the observation, angiostatin exerted its anti-tumor effect
through anti-angiogenesis. These results are consistent with
previous reports[31]. By transfecting angiostatin into
pancreatic cancer cells PC-3, we have gotten the protein.
Thus angiostatin gene therapy is for pancreatic cancer.
However, long-term, high-level, and sustained expression
of  angiostatin, are necessary to prevent dormant tumors
from becoming active again. To achieve this objective,
Xu et al.[32], engineered a recombinant adeno-associated virus
(AAV) vector encoding mouse angiostatin, and found that it
suppresses metastatic liver cancer in mice. In our study, we
used Lipofectamine-2000 for transfection and got the similar
result. These results support that angiostatin-gene therapy
is a potential strategy in the treatment of  pancreatic cancer.

In conclusion, angiostatin inhibits pancreatic cancer cell
proliferation and growth, and may provide a new way for
its treatment.
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