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Suppression of bladder cancer growth in mice
by adeno-associated virus vector-mediated endostatin
expression
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Abstract Novel treatment strategies such as gene therapy
are warranted in view of the failure of current treatment
approaches to cure a high percentage of patients with
advanced bladder cancers. Testing of the hypothesis that
blocking the angiogenic switch may keep tumour growth in
check has been facilitated by the discovery of endogenous
inhibitors of angiogenesis and has also added another
research dimension to the field of cancer gene therapy.
Consequently, the concept of targeting the tumour vascu-
lature with anti-angiogenic agents has emerged as an
attractive new strategy in the treatment of cancer. Targeted
biological therapies that selectively interfere with tumour
angiogenesis could improve survival among patients with
bladder cancer. Endostatin is a tumour-derived angiogenesis
inhibitor and is the first endogenous inhibitor of angiogen-
esis to be indentified in a matrix protein. Gene therapy
represents an attractive approach to treat cancers and other
chronic diseases. The development of an effective delivery
system is absolutely critical to the usefulness and safety of
gene therapy. At present, the adeno-associated virus (AAV)
vector has the most promising potential in view of its non-
pathogenicity, wide tropisms and long-term transgene
expression in vivo. Gene therapy studies using different
serotypes of recombinant AAV (rAAV) as delivery vehicles

have proved rAAVs to be an effective modality of cancer
gene therapy. In the present study, an IgG fragment was
inserted at the start of the sequence coding for endostatin
with the aim of enabling continuous secretion of endostatin
the serum. We also investigated the suppression effect of
AAV-mediated endostatin expression on endothelial cells
and in mice xenograft models of bladder cancer. Our data
demonstrates that rAAV-endostatin controlled tumour cell
growth and achieves strong anti-tumour efficacy in vivo.
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Introduction

Bladder cancer is a disease characterised by high tumour-
recurrence rates despite therapy using resection, intravesical
chemotherapy or immunotherapy with BCG. On the basis
of clinical presentation, cytotoxic chemotherapy is delivered
via intravesical instillation, in patients with localised disease,
after surgical resection [1] or as systemic combination
chemotherapy [2]. Whereas systemic chemotherapy is the
mainstay of treatment for metastatic bladder cancer, it is
limited by significant toxicity, low complete response rates
ranging about 36% and long-term survival incidence of only
4% [2–4]. Novel treatment strategies such as gene therapy
are warranted in view of the failure of current treatment
approaches to cure a high percentage of patients with
advanced bladder cancers [5].

Bladder cancer, classified as a solid tumour, depends on
angiogenesis for sustained growth and blood-borne meta-
static spread [6]. Testing of the hypothesis that blocking the
angiogenic switch may keep tumour growth in check has
been facilitated by the discovery of endogenous inhibitors
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of angiogenesis and has also added another research
dimension to the field of cancer gene therapy [7].
Consequently, the concept of targeting the tumour
vasculature with anti-angiogenic agents has emerged as
an attractive new strategy in the treatment of cancer [8].

Targeted biological therapies that selectively interfere
with tumour angiogenesis could improve survival among
patients with bladder cancer. Endostatin is a tumour-derived
angiogenesis inhibitor and is the first endogenous inhibitor
of angiogenesis to be indentified in a matrix protein.
Endostatin specifically inhibits the proliferation and migration
of endothelial cells and induces their apoptosis without direct
cytotoxic effects on tumour cells [9].

Most therapeutic investigations of endostatin have
utilised its purified protein form. There are, however,
several potential concerns with such a treatment strategy.
First, the protein-purification process may denature endostatin
and the resultant yield rates may be low. Second, as a
proteinaceous drug, endostatin has a short half-life in vivo and
this raises concerns regarding maintenance of therapeutically
effective serum levels. Finally, the need to deliver angiogenic
inhibitors such as endostatin on a chronic basis may lead to
practical difficulties in clinical situations. One possible
approach to overcoming some of these issues may be the
utilisation of a gene therapy strategy [8].

Gene therapy represents an attractive approach to treat
cancers and other chronic diseases. The development of an
effective delivery system is absolutely critical to the
usefulness and safety of gene therapy. At present, the
adeno-associated virus (AAV) vector has the most promis-
ing potential in view of its non-pathogenicity, wide
tropisms and long-term transgene expression in vivo [10].
Gene therapy studies using different serotypes of recombinant
AAV (rAAV) as delivery vehicles have proved rAAVs to be an
effective modality of cancer gene therapy [11–15].

AAVs are single-stranded DNA viruses that encode for
two viral proteins, namely Rep and Cap. Genes coding for
these two proteins are removed from the defective vectors
used in gene therapy. Similar to adenoviruses, AAVs can
infect both dividing and non-dividing cells. The DNA of
AAVs, however, integrates into the host cell genome in a
manner similar to the retroviruses. AAV vectors pose
minimal toxicity since their wild-type version does not
cause pathological effects in humans while they integrate
specifically into chromosome 19 of the human genome
[16]. Such specificity reduces the risks of insertional
mutagenesis encountered in retroviral-mediated gene transfer.
In addition, the site of integration does not encode for any
important gene [17].

Based on a PubMed search (using the key terms:
‘endostatin’, ‘bladder cancer’ and ‘adeno-associated virus’),
we ascertained that very little information is available
regarding the effects of endostatin used in combination with

AAVs in the treatment of bladder cancer. In the present
study, an IgG fragment was inserted at the start of the
sequence coding for endostatin with the aim of enabling the
continuous secretion of endostatin the serum. We also
investigated the suppression effect of AAV-mediated endo-
statin expression on the endothelial cells and in mice
xenograft models of bladder cancer. Our data demonstrates
that rAAV-endostatin controlled tumour cell growth and
achieves strong anti-tumour efficacy in vivo. These find-
ings provide a foundation for the development of potential
targeted clinical therapies for bladder cancer in humans.

Materials and methods

Cell line and culture

The AAV-293 cell line was obtained from the Shanghai
Institute for Sciences, Chinese Academy of Sciences
(Shanghai, China). The HUVEC cell line (human umbilical
vein endothelial cell) was obtained from the Tianjin
Institute of Urology (Tianjin, China). Human bladder
cancer cell line T24 was purchased from the Shanghai Cell
Collection (Shanghai. China). The AAV-293 cells were
cultured in Dulbecco’s modified minimum essential medium
(DMEM) supplemented with 10% heat-inactivated foetal
bovine serum (FBS). The T24 and HUVEC cells were grown
in RPMI 1640 supplemented with 5% heat-inactivated FBS at
37°C in 5% CO2.

rAAV construction and production

Human IgG-endostatin was amplified from plasmid pIRES-
endostatin by polymerase chain reaction (PCR) using primers
that included forward (5′-GACATCGATATGA AATG-
CAGCTGGGTTATC) and reverse (3′-TATGGATCC
CTACTTGGAGGCAGTCATG) sequences (94°C for 1 min,
57°C for 1 min, 72°C for 1 min). The IgG fragment was
engineered to signal secretion. This fragment was then inserted
into the plasmid pCMV-MCS to create pCMV-IgG-endostatin.
This vector contains a transgene expression cassette that carries
the human cytomegalovirus (CMV) promoter to catalyse
transgene expression. Following this, the pCMV-IgG-
endostatin and plasmid AAV (pAAV)-MCS complexes were
digested by the enzyme NotI to determine the pAAV-IgG-
endostatin complex to ensure stability of the sequences, given
that the transgene expression cassette is flanked by the non-
coding inverted terminal repeats (ITRs) that are the only wild-
type viral sequences present in this recombinant vector
genome and are essential for packaging of the viral vector
DNA (Fig. 1). All the constructs were sequenced by
electrophoresis, and the DNA sequence service of TAKARA
Company was used to confirm the correct sequences.
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The rAAV vectors were produced by a three-plasmid
transfection and purification method. Briefly, AAV-293
cells at 70–80% confluence were transfected with the
rAAV, pAAV-RC and pHelper plasmids using the standard
CaCl2 technique for a period of 72 h. Cells were grown in
DMEM that did not contain phenol and pyruvate and
supplemented with 10% FBS. The medium was refreshed
2 h prior to transfection as well as on the day after
transfection. Recombinant AAV was harvested 72 h after
transfection by removing the medium and adding lysis
buffer, then pooled and incubated for 1 h with DNAse—
that is, after harvesting the cells, three freeze/thaw cycles
were carried out and the sample was treated with DNAse
[18]. After centrifugation, the rAAV was purified using a
three-step procedure, which involves chloroform treatment,
PEG/NaCl precipitation and chloroform extraction [19].
The viral stock was then concentrated to the required
volume and stored at −80°C until further use.

Characterisation of the rAAV stocks included AVSachTM
ELISA (Vector Gene Technology Company Limited,

Beijing, China) assay for viral titre, SDS-PAGE analysis
for visualisation and confirmation of the presence of only the
specified three capsid proteins, as well as electronic
microscopy for visualising its shape.

Transduction assay of reporter gene in vitro

T24 cells were grown to ~80% confluence, trypsinised and
then counted. An aliquot containing 104 cells was then
suspended in a serum and antibiotic-free medium. Next,
rAAV vectors containing the EGFP (rAAV-EGFP; Vector
Gene Technology Company) cassettes were added at a
gradient titre of 103, 104, 105, 106 and 2×106 virus particle
(vp) and then incubated at 37°C for 1 h. The medium was
then removed and the plates were washed three times with
DMEM. Fresh DMEM medium containing 10% was then
added. After infection for about 72 h, EGFP expression was
detected by fluorescence microscope with a digital camera
apparatus and analysed by flow cytometry to determine the
appropriate titre value to be applied in later steps of the study.

gene of Endostatin

gene of 
Endostatin

1) Amplified gene of Endostatin from pIRES
–Endostatin via PCR
2)Clone gene of Endostatin into pCMV MCS

Digest by Not I

pAAV IgG Endostatin

ITR Vector Not I Fragment pCMV MCS Not I  Fragment

+

Fig. 1 Constructive step of
pAAV-IgG-Endostatin. Human
IgG-Endostatin (694 bp)
fragment was amplified from
plasmid pIRES-endostatin by
PCR, and then inserted into
plasmid pCMV-MCS to create
pCMV-IgG-Endostatin. Then
pCMV-IgG-endostatin and
pAAV-MCS were digested by
enzyme NotI to construct
pAAV-IgG-endostatin
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Cell stability after rAAV transduction

T24 cells were plated at a density of 105 cells in plates and
infected with pAAV-IgG-endostatin at a dosage of 106 vp;
72 h later: (a) cells were harvested by trypsinisation
followed by washing with PBS and then fixed in 70%
ethanol overnight. Prior to analysis by FACS, the cells were
treated with 1 mg/ml RNase for 30 min. The samples were
then washed with PBS twice and resuspended in 25 mg/ml
propidium iodine (PI) in PBS at a concentration of 1×106

cells/ml. These cells were stained with PI in the dark for
15 min and analysed by FACS to evaluate cell cycle
distribution. (b) Genomic DNAwas extracted from the cells
infected with the rAAV-IgG-endostatin complex. The DNA
sequence of endostatin was identified by PCR and sequence
analysis to detect the infection efficiency.

Endostatin enzyme immunoassay

Cells were plated in vitro (1×106 per well in 6-well dishes)
with 2 ml of appropriate growth medium and incubated
for 24 h. Blood samples from the mice were collected in
vivo by cardiac puncture, and the serum was separated
by centrifugation. In both cases, a 100-μl sample was
analysed using the Endostatin ELISA Kit (RayBiotech,
Inc., Norcross, GA).

Cell-viability assay

HUVEC cells were plated in 96-well dishes at 1×104 cells
per well. Eighteen hours later, the cells were infected with
rAAV-IgG-endostatin at a dose of 1×106 vp for at least 6 h
in a serum-free and antibiotic-free medium, which was
followed by incubation in the complete medium for 24, 48
and 72 h, respectively. The cells without infection were
used as negative control and infection of rAAV-EGFP as
positive control. Cell viability was evaluated by assay with
3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide (MTT) every 24 h after infection. Briefly,
20 μl of MTT solution was added into each well
containing 100 μl of PBS. After incubation at 37°C for
4 h, the MTT solution in the well was gently removed
and 100 μl of DMSO was added. Cell viability was
calculated based on the following formula:

Cell viability %ð Þ ¼ OD570 of
experimental

control

� �
� 100%

Apoptosis assay

HUVEC cells were plated in 60-mm dishes at 2×105 cells
per dish and allowed to attach overnight. The cells were

then treated with rAAV-IgG-endostatin at a dose of 1×106

vp, rAAV-MCS at a dose of 1×106 vp as positive control
and RPMI 1640 as negative control. The cells were
harvested 72 h after infection, washed twice with PBS. (a)
First, the cells were stained by Hoechst 33258 to analyse
apoptosis. (b) Next, these cells were resuspended in 100 μl
of binding buffer provided in the Annexin V-FITC/PI
apoptosis detection kit and then 5 μl Annexin V-FITC
and 5 μl PI solution were added; the cells were gently
centrifuged and incubated for 15 min at room temperature
in the dark. Finally, 400 μl of binding buffer was added to
each tube and this was followed by flow cytometry.

Animal experiment

Balb/c nude mice aged 4–5 weeks were obtained from Vital
River Laboratory (Beijing, China) and maintained under
specific pathogen-free conditions, with food and water
supplied ad libitum. All animal experiments were approved
by the committee on the use and care of animals of
Guanzhou Medical University. To establish xenografts,
animals were inoculated intramuscularly in the left hind
leg with 2×106 T24 tumour cells suspended in 200 μl of
0.9% saline. When tumour volume reached about 200 mm3,
mice were randomly assigned to three groups (n=5 mice
per group) and were administered rAAV-IgG-endostatin,
rAAV-MCS at a dose of 1×1011 vp or RPMI 1640 via intra-
tumoural injection every second day for a maximum of six
times. Tumour growth was observed for 30 days by
measuring the tumour size every 3 days using calipers.
Tumour volume (V) was calculated by using the formula:
tumour volume

V mm3
� � ¼ p=6� Length mmð Þ �Width mmð Þ2:

At the end of the experiment, tumours were harvested for
additional analyses as described further. Differences in the
rate of tumour growth were tested for statistical signifi-
cance. Tumours and tissues were removed for subsequent
analysis after sacrificing the animals. The heart, liver,
spleen, kidney and lung were collected for detection of
the viral spread and pathological change.

Immunohistochemistry of CD34 and vascular assessment

Tumour micro-vessels were stained using a monoclonal
antibody to the CD34 antigen on endothelial cells. Entire
tumour sections were reconstructed using tiled field
mapping and the total tumour areas as well as the tumour
necrosis was determined using an image-analysis program.
Estimates of tumour angiogenesis were made on the
sections attained with CD34 using the Chalkley counting
method on vessel hotspots. The vessels were counted at
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high magnification (×200) and the number of points on
CD34 highlighted micro-vessels was recorded. The
Chalkey count for an individual tumour was taken as
the mean of the random fields. All animals in these
studies were pre-coded and tumour sections were counted
in a blinded manner.

Statistical analysis

All data are reported as mean±standard deviation(SD)
values. Student’s t-test was applied to study the relationship
between the difference variables. The significance level was
defined as p<0.05.

Results

Construction of pAAV-IgG-endostatin

Endostatin DNA was amplified from pAAV-IgG-endostatin
using PCR. A fragment measuring about 700 bp, which
is consistent with the required size, was amplified. The
transgene expression cassette is flanked by the non-
coding ITRs, which are the only wild-type viral
sequences present in this recombinant vector genome
and are essential for packaging of the viral vector DNA.
The ITR sequence was also amplified using only one
primer (5′-AGGAACCCCTAGTGATGGAG); the frag-
ment measured about 3 kb (sequence size between two
ITRs of pAAV-IgG-endostatin), which indicated a stable
sequence.

Generation of rAAV viral particles

The packaging and purification of recombination AAV were
generated as described previously, and the titres of rAAVwere
presented as virus particles. We isolated, concentrated and
purified rAAV by a three-step procedure, as described
previously. The procedure was performed within 4 h. More
than 100-folds of concentration could be achieved from the
initial material. The recovery of rAAV infectious from the
initial material was estimated to be more than 90%.

The capsid of AAV-2 is composed of three kinds of
proteins: VP1, VP2 and VP3, with molecular weight of 87, 72
and 62 ku, respectively. The ratio of VP1, VP2 and VP3 in
AAV-2 viron is 1:1:10. Therefore, three bands with specific
patterns could be seen when the virons were analysed by
SDS-PAGE. In our experiment, the purity of rAAV was
analysed by Coomassie brilliant blue-stained SDS acrylamide
gel electrophoresis. Three clear bands representing the AAV
capsid proteins VP1,VP2 and VP3 could be seen on both
lanes against a very low background, which demonstrated that
chloroform extraction could effectively extract contaminants
from rAAV stock without significant loss of the rAAV
(Fig. 2a). The purity of rAAV was estimated to be more
than 95% in the final stock by our computer analysis. An
aliquot of the purified rAAV stock after negative staining
was taken to visualise virus particles by electron microscopy
scan. Large amounts of rAAV particles with clean back-
ground could be seen clearly. Most of the AAV particles
appear full with few intermediate particles (Fig. 2b). The
result indicates that the purified rAAV stock contains virus
particles of high concentration and purity.

a b

2

1

M  1   2   3

Fig. 2 a Coomassie brilliant blue stained SDS-polyacrylamide gel
electrophoresis of rAAV at various stages of purification. Each stock
was mixed with an equal volume of two loading buffers and incubated
in boiling water for 3 min before loading. A 10-μl sample was loaded
in each lane. The purified rAAV is shown in lanes 1–3. M, standard

proteins whose molecular weights are indicated on the left. b Purified
and concentrated rAAV particles visualized by electron microscopy
after negative staining with uranyl acetate (bar = 0.2 μm). Arrow 1
indicates intermediate virus and arrow 2 full virus
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Cell stability after rAAV transduction

rAAV genome-containing particles were determined by the
AVSachTM ELISA kit. The physical titre of purified rAAV
is estimated to be about 2×1011 vp. To prove the cell-
targeting ability and stability after transduction of rAAV, we
first detected specific EGFP expression in T24 cell lines at
a gradient titre of 103, 104, 105, 106 and 2×106 vp. As
shown in Fig. 3, after infection about 72 h, the green
fluorescent were observed under fluorescence microscopy.
At the same time, the expression of EGFP gene was time
dependent and reached maximal levels 72 h after infection.
We further analysed the titre value by flow cytometry to
determine the appropriate value to be applied in later study
and the ratios of the EGFP expression were 2%, 5%, 35%,
62% and 57% at different doses of 103, 104, 105, 106 and
2×106 vp, respectively. Therefore, we considered rAAV 1×
106 vp as the appropriate titre value and applied it in the
later stages of the study.

To further explore the cell stability after rAAV transduc-
tion, we then investigated the T24 cells cycle about 72 h
after infection of rAAV-IgG-endostatin by FACS (Table 1).
Genomic DNA were also extracted from the cells infected
with rAAV-IgG-endostatin. The DNA sequence of endostatin
was identified as measuring about 700 bp by PCR and
sequence analysis and this was consistent with the endostatin
sequence. These results suggested that the bladder tumour
cells were stable after being infected by rAAV.

rAAV-IgG-endostatin specifically suppressed endothelial
cell proliferation and induced apoptosis

First, we tested the effect of rAAV-IgG-endostatin on cell
viability using rAAV-EGFP particles as a positive control.
Two cell lines, HUVEC and AAV-293, were infected with

rAAV-IgG-endostatin, rAAV-EGFP particles or RPMI
1640, and cell viability over time was analysed by the
MTTassay. As shown in Fig. 4a, the cell viability in HUVEC
line transduced with rAAV-IgG-endostatin decreased to
approximately 50–60% in a time-dependent manner. No
significant changes in the viability of AAV-293 cells were
observed up to 72 h after transduction. The cytotoxic effect
of rAAV-IgG-endostatin in HUVEC cell was more apparent
than that of rAAV-EGFP. Based on MTTs, rAAV-IgG-
endostatin was found to induce suppression of cell
proliferation or increase in cell death in HUVEC cells.
We then investigated whether it could selectively induce
apoptosis in HUVEC cells again. First, as shown in
Fig. 4b, apoptosis analysis by using annexin V staining
indicated that the concentration of apoptotic HUVEC cells
after transduction with rAAV-IgG-endostatin was 35.6±
1.99%, compared with only 8.35±1.28% and 5.32±1.82%
by rAAV-EGFP and RPMI 1640, respectively. Further-
more, examination of apoptotic morphological changes in
cells was performed by Hoechst 33258 staining. HUVEC
cells treated by rAAV-IgG-endostatin showed obvious
apoptosis (Fig. 4c), while apoptosis was not observed in
HUVEC cells tranduced with rAAV-EGFP and RPMI
1640. rAAV-IgG-endostatin was finally found to induce a
significant increase in apoptosis in HUVEC cells. Together,
these results confirmed that the inhibition of endothelial cells
mediated by rAAV-IgG-endostatin was associated with the
apoptotic process.

Antitumour activity of rAAV-IgG-endostatin on bladder
cancer xenograft in vivo

To test whether recombinant endostatin production by
rAAV-mediated gene transfer could have a direct
inhibitory effect on tumour cell-induced angiogenesis

(×100) (×400) 

Fig. 3 Tumour-specific EGFP
expression. Tumour cell line
T24 was infected with rAAV-
EGFP at a titer of 1×106 vp.
The green fluorescent cells were
observed under fluorescence
microscopy after 72 h
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in vivo, various doses of rAAV-IgG-endostatin were
injected intramuscularly into nude mice, and serum
endostatin levels were determined (Fig. 5). Results
showed that dose-dependent plateauing of serum endo-
statin levels was reached 5–7 weeks after injection. This

expression profile is likely a consequence of the known
delay in the onset of the expression of the transgene by
rAAV vectors, a phenomenon believed to be due to the
vector DNA’s gradual conversion into double-stranded
forms by leading-strand synthesis prior to establishing
stable expression.

A 1×1011-vp dose of rAAV-IgG-endostatin resulted in a
serum endostatin level (~400 ng/ml; Fig. 5) that was
sufficient to inhibit tumour cell-induced angiogenesis in
vivo. This is clearly evident in Fig. 6, which illustrates that
T24 cells injected into nude mice possessing elevated
serum endostatin levels after rAAV-IgG-endostatin
injections induced significantly fewer blood vessels
than tumour cells in control mice or mice injected with
the rAAV-MCS vector.

Table 1 Cell cycle analysis of T24 cells

Ratio of cell cycle (%)

Cells G1 S G2

T24 50.5 41.2 8.3

T24 (infected) 52.4 40.5 7.1

*p>0.05, no significant difference between T24 cells and infected T24
cells, that is, rAAV had no influence on tumor cell cycle distribution
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Fig. 4 a Cell viability was measured by MTT assay in the HUVEC
cell line and AAV-293 cell at 24–72 h after infection, rAAV-IgG-
endostatin, rAAV-EGFP and RPMI1640. b–c Detection of endothelial
cell apoptosis induced by rAAV-IgG-endostatin. b Percentage of
apoptosis was measured by annexin V staining. First, HUVEC cells
were harvested after infection with rAAV-IgG-Endostatin at a titer of
1×106 vp for 72 h, then these infected cells were stained with annexin

V-FITC; flow cytometry was immediately performed for apoptosis
assay. The percentage of apoptotic cell was calculated with CellQuest
software. Each value represents the mean of three wells; *p<0.05. c
Hoechst 33258 staining assay. Cells were treated in the same manner
as described in panel b, and apoptotic changes of HUVEC cells were
analyzed by Hoechst 33258 staining. Arrows refer to apoptosis cells
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The results showed that the tumours in mice injected
with the rAAV-IgG-endostatin not only took significantly
longer to emerge but also that their growth, once estab-
lished, was significant slower than that of tumours grown in
untreated or rAAV-MCS-treated animals (Fig. 7). To
quantify these differences, the time to grow from a fixed
size (200 mm3) to one that was five times larger
(1,000 mm3) was evaluated (Fig. 8). Although all mice in
various treatment groups eventually developed tumours,
tumours growing in rAAV-IgG-endostatin-treated animals

took significantly longer to reach the size of ~1,000 mm3.
The subsequent growth rates of establishing tumours (time
to grow from 200 to 1,000 mm3) were also significantly
delayed in rAAV-IgG-endostatin-treated hosts. These data
suggested that rAAV-IgG-endostatin suppresses tumour
formation and growth in the animals.

We finally investigated the potential toxicity induced by
rAAV infection in major organs, including the heart, liver,
spleen, kidneys and lungs, by HE. We detected no
pathological change among these tissues that demonstrated
rAAV expression.
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Discussion

To date, most endostatin investigations have utilised the
purified protein form [20–22]. While large-scale production
of recombinant endostatin appears feasible, difficulties
associated with providing large quantities of this agent
for chronic treatment as well as strategies to maintain
therapeutic serum levels of endostatin over a prolonged
course of treatment remain. The delivery of endostatin
through a gene-encoding strategy provides a potentially
attractive alternative by offering the possibility of
enduring benefits from a single or limited numbers of
treatments. Although initial attempts at non-viral delivery
of endostatin through the direct injection of naked DNA
or systemic administration of plasmids resulted in some
anti-tumour effects in mice, such approaches could only
achieve transient low levels of circulating endostatin [23–25].
The use of microencapsulated stable endostatin cells offered
an intriguing alternative [26], but this strategy is unlikely to
translate into application in the clinical setting. Perhaps the
most promising approach lies in the use of virus-based
delivery systems. Indeed, high circulating endostatin levels,
sufficient to inhibit tumour growth in mice, have been
attained with adenoviral vector constructs [27–29]. However,
this application is limited by its toxicity and immunogenicity
[8].

Gene therapy represents an attractive approach to treat
cancers and other chronic diseases, and the development of
an effective delivery system is absolutely critical to the
usefulness and safety of gene therapy. Safety, efficiency and
a consistent delivery system are major issues of concern for
gene therapy in targeting tumour tissues [8]. At present, the
AAV vector has the most promising potential, due to its
non-pathogenicity, wide tropisms and long-term transgenic
expression in vivo [30]. Our laboratory has been exploring
the alternative possibility of utilising AAV-mediated gene
transfer of endostatin as an anti-angiogenic therapeutic
strategy. Such vectors have been used to successfully
introduce, with high efficiency and long-term stability,
foreign genes into many types of fully mature, differentiated
cells both in vitro and in vivo [31]. The delivery of anti-
angiogenic agents such as endostatin may be well suited for
such an approach. Previous work by Nguyen and colleagues
[32, 33] demonstrated an inhibitory effect of rAAV-delivered
endostatin on endothelial cell growth in vitro. However,
there are only a few reports on the application of rAAVs in
bladder cancer. In the present investigation, we expanded
these studies to evaluate the efficacy of rAAV-mediated
expression of endostatin in vivo and, in particular, to
examine whether elevated serum endostatin levels has an
effect on bladder tumours.

In our study, endostatin cDNA was inserted into an
rAAV plasmid and the resulting rAAV was designated

rAAV-IgG-endostatin. Inhibition of endothelial cell growth
by endostatin has been previously documented. This was
confirmed in the present studies using HUVEC endothelial
cells. Our results showed that 3-day treatment with
recombinant endostatin at 60 ng/ml inhibited HUVEC
proliferation by 50–60% (p<0.05). Of note is the finding
that conditioned media derived from cultures of a stable
clone of 293 cells infected with the rAAV-EGFP control
vector affected neither endothelial cell proliferation nor
migration. The biological activities of recombinant endo-
statin by AAV gene transfer were further confirmed by its
effect on endothelial cell apoptosis and cell-cycle distribu-
tion. We then investigated whether it could selectively
induce apoptosis in HUVEC cells again. First, as shown in
Fig. 4b, apoptosis analysis by using annexin V staining
indicated that concentrations of apoptotic HUVEC cells
after transduction with rAAV-IgG-endostatin was 36.6%,
compared with only 8.35% and5.32% by rAAV-EGFP and
RPMI 1640, respectively. Furthermore, evaluation of
cellular apoptotic morphological changes by Hoechst
33258 staining was performed. HUVEC cells treated
by rAAV-IgG-endostatin showed obvious apoptosis. In
contrast, endostatin treatment had no effect on T24
bladder tumour cell apoptosis or cell-cycle distribution.
Our results confirmed that the inhibition of endothelial
cells mediated by rAAV-IgG-endostatin was associated
with the apoptosis process.

We have observed that with AAV-delivered human
endostatin the intramuscular injection of rAAV-IgG-
endostatin led to rAAV dose-dependent increases in serum
endostatin levels by 4 weeks, which plateauing of these
levels by 5–7 weeks. These levels were subsequently
maintained until the experiments were terminated. Our
experience suggested that the highest vector doses of
endostatin led to significant delays in tumour appearance
and growth. In addition, the present study further showed
that this effect was vector dose-dependent such that even a
moderate but well-sustained elevation of endostatin was
sufficient to inhibit the initiation and growth of T24
xenografts. These data support the notion that endogenous
endostatin levels may play an important role in the
regulation of tumour-induced angiogenesis and growth.

In conclusion, we demonstrated an effective system for
bladder gene therapy with a two-part safeguard, that is, an
ideal vector and an efficient gene. We showed that a gene
therapy approach using an AAV-mediated gene-transfer
strategy to deliver endostatin can significantly suppress
tumour-induced angiogenesis and also enhance the
treatment of tumour growth. The data suggest that this
approach deserves further consideration as an adjuvant in
the treatment of bladder carcinoma with conventional
anti-cancer therapies and provides a potentially useful
and safer strategy for cancer gene therapy.
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