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Apoptin induces apoptosis in nude mice allograft model
of human bladder cancer by altering multiple bladder
tumor-associated gene expression profiles
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Abstract Bladder cancer (BC) is one of the most common
humanmalignancies that account for major death in the world.
Apoptin that is derived from chicken anemia virus (CAV) has
displayed tumor-specific cytotoxic activity in a variety of
human carcinomas. However, the magical function of apoptin
in bladder carcinoma cell lines has not been identified yet. In
our study, we delivered apoptin into bladder-originating T24,
EJ, and HCV29 cell lines by adenovirus system. The selective
cytotoxic effect of apoptin was determined by cell viability
assay, active caspase-3 measurement, and annexin V/PI dou-
ble staining. Importantly, we have examined the differential
expression patterns of tumor-associated genes including Ki67,
C-erbB-2, Rb, and nm23 by flow cytometry and western blot
in vitro. In an animal study, apoptin was infused into animal
models by AAV system, and immunohistochemistry and
quantitative real-time PCR (qRT-PCR) were employed to
validate results in vivo. The results indicated that apoptin
could selectively induce apoptosis in bladder tumorigenic
cells coupled with tumor-specific nucleus accumulation in
vitro. Interestingly, apoptin could downregulate expression

levels of Ki67 and C-erbB-2 and upregulate the expression
of Rb both in vitro and in vivo. Moreover, the animal models
treated with AAV-apoptin have shown smaller tumor volumes
and displayed better prognosis than controls. In conclusion,
apoptin could selectively induce apoptosis in bladder tumor
cells through altering expression profiles of tumor-associated
genes.
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Introduction

Bladder cancer (BC) is a common malignant tumor in urinary
system and a major cause of death annually. It is the seventh
most common cancer in men and 17th in women worldwide
[1]. The incidence of BC increases with age, occurring most
commonly in individuals between 50 and 70 years old [2], and
men are three or four times more likely to be affected by BC
than women. Importantly, BC is characterized by a high rate
of tumor recurrence and progression despite of local therapy
[3, 4]. Patients with BC require long-term follow-up and
repeat interventions after surgery. Intravesical chemotherapy
and immunotherapy with Bacille Calmette–Guérin (BCG) are
considered to be effective treatments that are currently avail-
able [4, 5]. However, chemoresistance and significant side
effects have limited the wide use of chemotherapy.
Immunotherapy with BCG could cause nonspecific inflam-
mation in the bladder and progression of the disease [5, 6].
Therefore, long-lasting and effective approaches with enough
safety are required in clinical application.
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Apoptin derived from chicken anemia virus (CAV) is
known to induce apoptosis in a variety of tumors and trans-
formed cells including melanoma, hepatoma, lymphoma,
colon carcinoma, breast, and lung cancer [7–9]. The protein
is composed of 121 amino acids and shares no homologous
sequences with any known cellular proteins. It has a bipar-
tite nuclear localization sequence (NLS) and a putative
nuclear export sequence (NES) in the C-terminal end, and
an accessible phosphorylation site (Thr-108) is located in
the C-terminal end, which allows for its interaction with
other proteins and modification by cellular kinases [7, 10,
11]. Interestingly, apoptin is specifically localized within the
nucleus of tumor cells after transfection[11]. A number of
studies have reported that apoptin could induce selective
death of cells from several human tumors and has no apo-
ptotic effects on normal cells [12]. These evidences suggest
that the specific accumulation of apoptin in the tumor cell
nucleus may be responsible for the selective killing effects.
These selective killing effects of apoptin may provide safety
assurance in the gene therapy of BC by employing this
protein. Unfortunately, the mechanism of the selective cyto-
toxicity of apoptin has still not been well established. Some
studies have indicated that apoptin could induce tumor-
specific cell apoptosis independently of p53 pathway [13].
Moreover, it was reported that apoptosis induced by
apoptin is typically mediated by intracellular cysteine
proteases (caspase) [14]. Bcl-2, which is an antiapoptotic
protein, could accelerate cell death mediated by apoptin
[15, 16].

In terms of BC, a number of studies have reported that the
expression profiles of several genes includingKi67,C-erbB-2,
Rb, and nm23 are associated with the stages of BC and 5-year
survival rates of patients [17–20]. However, the relationships
between apoptin and these tumor-associated genes were still
unknown in BC. In this study, we intended to investigate the
apoptin-induced selective cell death on bladder-derived cell
lines T24, EJ, and HCV-29 in vitro by employing adenovirus
system. To further explore the mechanism, the influence of
apoptin on the expression profiles of Ki67, C-erbB-2, Rb, and
nm23 were evaluated. Additionally, apoptin was delivered
into the mouse model of BC by adeno-associated virus 2
(AAV-2). The alteration of BC-associated gene expression
patterns were also assayed in vivo. Herein, we aimed to
identify the apoptotic effect and mechanism of apoptin in
BC, and our study may shed light on gene therapy by using
apoptin.

Materials and methods

The AdEasy XL System and AAV Helper-Free System were
purchased from Stratagene (CA, USA). All the primers,
genes, Taq polymerase, restriction enzymes, and T4 DNA

ligase were obtained from TaKaRa (Dalian, China). The
gene of apoptin (VP3 of CAV) was synthesized and pre-
served by the Department of Urology, the Second Affiliated
Hospital of Kunming Medical University. The antibody
against apoptin was prepared by immunization of rabbit
with E. coli-derived apoptin. The cell lines of T24, EJ, and
HCV29 were obtained from the Institute of Urology
(Yunnan). BALB/C nude mice were purchased from Huafu
Technology Company (Beijing, China). All experimental
procedures were conducted in accordance with the
National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals (NIH Guidelines). The animal
studies and protocol were approved by the Experimental
Animal Ethics Committee of Yan’an Affiliated Hospital of
Kunming Medical University. All surgeries were performed
under sodium pentobarbital anesthesia, and all efforts were
made to minimize suffering. Experiments involving human
tissues were reviewed and approved by the Bioethics
Committee of the Second Affiliated Hospital of Kunming
Medical University. Informed consent has been received
from all the subjects involved in this study.

Construction of recombinant adenovirus
and adeno-associated virus

The gene of apoptin was amplified from pcDNA3.0-apoptin,
and the PCR product was purified and cloned into the plasmid
pShuttle-CMV. When the recombinant plasmid was con-
firmed, it was linearized and dephosphorylated sequentially
byPme I and alkaline phosphatase. The gel-purified linearized
vector and pAdEasy-1 vector were cotransformed into
BJ5183-competent cells by electroporation. Homologous re-
combination took place in the bacterial cells to generate a
recombinant AdEasy plasmid DNA carrying apoptin. The
correct recombinant AdEasy plasmid was characterized by
Pac I enzyme cutting yielding a small fragment of either
3.0 kb or 4.5 kb and a larger fragment of about 30 kb.
Recombinant AdEasy clone was transfected into Ad-293 cell
to obtain the recombinant adenovirus-expressing apoptin.
pShuttle-CMV without any exogenous DNA fragment was
also recombinedwith pAdEasy-1 to get control virus (Ad-VC).
The primary stock of adenoviruses were harvested and ampli-
fied in large scale. Then, the product that was ready for
infection was tittered. Moreover, the gene of apoptin was also
cloned into pAAV-MCS followed by screening of recombinant
pAAV-MCS-apoptin. pAAV-MCS-apoptin plus two helper
plasmids including pAAV-RC and pHelper were cotransfected
intoAAV-293 cell line to obtain the recombinant AAV-apoptin.
The recombinant AAV were harvested from AAV-293 by four
rounds of freeze/thaw by alternating the tubes between the dry
ice–ethanol bath. The AAV were separated by chloroform and
concentrated by PEG800/sodium chloride precipitation.
Finally, AAV were purified by chloroform extraction and
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tittered by digoxin-labeled DNA dot blotting, which were
ready for animal study.

Reverse transcription PCR and quantitative real-time PCR

The T24, EJ, and HCV29 cells were suspended in the
growth medium (10 % FBS, RPMI 1640 medium) and
plated in the 25-cm2 flask at a density of 1×106cells/ml
and incubated in 37 °C, 5 % CO2 for 15 h. Next day, on
reaching 90 % confluency, the cells were infected by recom-
binant adenovirus at multiplicity of infection (MOI)=5.
Several days after infection, the cells were scraped off, and
RNAwas extracted by using GeneJET RNA Purification Kit
(Fermentas, Thermo Fisher Scientific). The first strand of
cDNA was synthesized by RevertAid First Strand cDNA
Synthesis Kit (Fermentas, Thermo Fisher Scientific), and
PCR was performed to identify the transcriptions of target
genes. The RNA extraction of clinical samples was initiated
by liquid nitrogen grinding and followed by RNA purifica-
tion described above. Moreover, all the quantitative real-
time PCR (qRT-PCR) involved in this study were per-
formed on the LightCycler 480 platform (Roche). The first
strand of cDNAwas synthesized with adjusted concentration,
and corresponding genes were amplified by employing
LightCycler 480 SYBR Green I Master.

Immunofluorescence assay

The T24, EJ, and HCV29 cells were suspended in the
growth medium (10 % FBS, RPMI 1640 medium) and
plated in the six-well plate at a density of 1×105cells/ml
and incubated in 37 °C, 5 % CO2 for 15 h. Next day, on
reaching 50 % confluency, the cells were infected by recom-
binant adenovirus at MOI=5. After several days of infec-
tion, the cells were washed three times with PBS and fixed
and permeabilized with ice cold buffer (0.2 % Triton X-100,
2 % paraformaldehyde, PBS) for 15 min. Then, the cells
were treated with a mixture of acetone and methanol and
followed by three times PBS washing. After half an hour’s
blocking with 3 % BSA, the primary antibody against
apoptin was diluted with blocking buffer and incubated with
cells for 2 h with shaking. The cells were washed with PBST
(0.05 % Tween 20 PBS) three times and incubated with
blocking buffer (3 % BSA, 0.5 % Tween 20 PBS) diluted
DyLight488-conjugated goat anti-rabbit IgG secondary an-
tibody for 1 h. After washing with PBST three times, the cells
were examined under a fluorescence microscope.

Cell proliferation and active caspase-3 immunoassays

The T24, EJ, and HCV29 proliferations were determined by
Cell Counting Kit-8 (Dojindo Molecular Technologies, Inc.).
Cells (5×103) were seeded into each well of 96-well plates

with 200 μl medium and incubated at 37 °C, 5 % CO2

overnight. Next day, the cells were infected with Ad-apoptin
or Ad-VC as control, respectively, and cells without any
treatment were taken as reference. The growth of the cells
was monitored every 24 h by adding 10 μl of the CCK-
8 solution to the wells. After incubation for 4 h, absorbance
was measured with a plate reader at 490 nm. Each cell line
for one time point was calculated by values from five
independent samples. Moreover, the levels of active form
of caspase-3 were measured by an ELISA-based method
(Quantikine™ human active caspase-3 immunoassay, R&D
Systems). T24, EJ, and HCV29 were plated into 96-well
plates and infected with Ad-apoptin or Ad-VC as control.
After 72 h postinfection, the amount of active caspase-3
was measured, and the protocol for active caspased-3 im-
munoassay was followed according to the manufacturer’s
instructions.

Flow cytometry and western blot

The apoptosis of cells infected with Ad-apoptin and Ad-VC
were detected by annexin V-FITC apoptosis detection kit
(eBioscience). Cells treated with Ad-apoptin or Ad-VC
were collected and washed with PBS three times. The cells
were resuspended with binding buffer with appropriate den-
sity. Then, cells were stained with FITC-linked annexin V
and PI sequentially, and washing with binding buffer was
necessary. The cell apoptosis were analyzed by flow cytom-
etry (BD FACSCalibur). The differential expression profiles
of Ki67 in cell nucleus were measured by flow cytometry.
The T24, EJ, and HCV29 were seeded into six-well plates
with cell density of 5×106cells/well. Ad-apoptin and Ad-
VC were inoculated into each well and incubated for 72 h.
After infection, cells in each well were harvested and
washed with PBS three times. Then, ice-cold 80 % ethanol
was added and incubated at −20 °C for 3 h. The cells were
resuspended with staining buffer twice and adjusted to con-
centration of 1×107/ml. FITC-conjugated anti-Ki67 antibody
(BD Biosciences) were added into tubes and incubated at
room temperature for 30 min in the dark, and FITC-
conjugated isotype control IgG were taken as control. After
staining, the differential expression of Ki67 was analyzed by
flow cytometry. Moreover, the expression patterns of C-erbB-
2, Rb, and nm23 were determined by western blot. The T24,
EJ, and HCV29 infected with various recombinant adenovirus
were treated with cell lysis buffer, and the concentration of
total proteins extracted was measured by a Lowry-based
method. The samples were analyzed by 12 % SDS-PAGE
gel loaded with equal amounts of protein. The proteins were
electransferred to PVDFmembrane at 40 V for 100min. Next,
the membrane was incubated with 5 % BSA in PBST for
blocking. The primary antibodies against c-erbB-2 (Dako,
Denmark), Rb (Santa Cruz Biotechnology, Inc., Dallas, TX,
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USA), nm23 (Santa Cruz Biotechnology, Inc., Dallas, TX,
USA), and β-actin (Biosis, China) were added and incubated
at 4 °C overnight. The HRP-conjugated secondary antibodies
were added after three-time PBST washing. After incubation,
the membranes were washed thoroughly with PBST three
times and then the bands were visualized by an enhanced
chemiluminescence kit (Millipore, Billerica, MA, USA).

Immunohistochemistry

The animals were anesthetized with sodium pentobarbital
(10 mg/kg) and killed. The tumors were removed and fixed
with 4% paraformaldehyde PBS for 7 days. After fixation, the
tissues were dehydrated and embedded in paraffin. The tissues
were sectioned in paraffin (5 μm) by a sliding microtome, and
the tissue sections were baked at 56 °C for 48 h. Dewaxing
and antigen retrieval procedures were necessary before immu-
nohistochemistry was performed. The sections were treated
with 3 % hydrogen peroxide and blocked by goat serum for
10 min, respectively. Then, the sections were incubated with
the primary antibodies overnight, followed by treatments with
biotin- and streptavidin-conjugated antibodies sequentially.
After 3× PBS washing, the color was developed using 3′3′-
diaminobenzidine as chromogen. Then, the tissue sections
were further stained with hematoxylin and eosin.

Results

Expression of apoptin in bladder-derived transformed
and nontransformed cell lines and identification of its nuclear
targeting effect

Two strains of bladder-derived transformed cell lines T24 and
EJ were used as study objects, and HCV29 nonmalignant

urothelial cells were employed as control in vitro. To achieve
instant and high transfection efficiency, the delivery of apoptin
was made by the adenovirus system (AdEasy™ System,
USA). The results of RT-PCR have demonstrated that an
obvious expression of apoptin was detected at 24 and 48 h
after infection of Ad-apoptin, and adenovirus with no exoge-
nous DNA fragment (Ad-VC) and cells without any treatment
were taken as control (Fig. 1a). In order to validate the
nucleus-targeting effect of apoptin in bladder-derived cells,
we have detected the subcellular localization of apoptin by
immune staining. As shown in Fig. 1b, nuclear accumulation
of apoptin was observed in T24 and EJ that are bladder-
derived malignant cells, whereas apoptin was localized in
cytoplasm of HCV29 that was nontransformed urothelial cell
line.

Selective cell cytotoxic effect induced by apoptin
in bladder-derived cell lines

The antiproliferation effects on bladder carcinoma cells were
performed by employing CCK-8 (Cell Counting Kit-8)-based
method. Both of the malignant (T24 and EJ) and nonmalig-
nant cell lines (HCV29) were infected with Ad-apoptin or
control vector Ad-VC to identify the selective cytotoxic
effects of apoptin, and corresponding cells without any treat-
ment were taken as reference to evaluate cell viability. The
results have indicated that no proliferation inhibitory effect
induced by apoptin was observed in normal urothelial cells
HCV29. However, the proliferation of human bladder tumor-
derived cells (T24 and EJ) were remarkably inhibited by
apoptin with a time-dependent manner compared to cells
infected with Ad-VC and cells without any treatment
(Fig. 2a). To further identify the cell apoptosis-inducing bias
of apoptin on bladder-derived cells, the proportions of apo-
ptotic cells in groups with various treatments were measured

Fig. 1 The detection of apoptin
expression by RT-PCR and
immunofluorescence
dynamically post-transfection
(p.t.). a Agarose gel (1 %)
electrophoresis analysis of
the result of RT-PCR of
apoptin transcription. b
Immunofluorescence assay
of the selective nucleus
accumulation in malignant
bladder cell lines (T24 and EJ)
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Fig. 2 The validation of the selective cytotoxicity of apoptin in T24,
EJ, and HCV29 by different assays. a The measurement of selective
cytotoxicity of apoptin to viability of the malignant bladder-derived
cells (T24 and EJ) and normal bladder cell (HCV29) by CCK-8. b The
detection of apoptosis of T24, EJ, and HCV29 after infection with Ad-

apoptin by employing FITC-annexin V/PI-based method. c The results
of flow cytometry analyzed and presented by the percentage of apo-
ptotic cells (mean±SD, n=3; *p<0.05 Student's t test). d The mea-
surement of active caspase-3 after delivery of apoptin by ELISA-based
method (mean±SD, n=3; *p<0.05 Student's t test)
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by annexin V-FITC/PI double staining. Compared to the
control groups, the proportions of apoptotic cells were dra-
matically increased in apoptin-delivered T24 and EJ cells
(75.88±12.44 %, 87.83±20.11 %) 72 h postinfection
(Fig. 2b, c). However, there were no obvious apoptotic cells
in nonmalignant urothelial cells after infection of Ad-apoptin
or other control treatments. Moreover, we also have explored
whether the cytotoxic effect on bladder tumor cells caused by
apoptin was caspase-3-dependent. An active caspase-3 immu-
noassay was conducted to measure the active caspase-3 levels
in the cell extracts infected with Ad-apoptin or control Ads. A
higher level of active form of caspase-3 was detected in Ad-
apoptin-infected T24 and EJ cells 72 h postinfection

compared to the control group (Fig. 2d). In contrast with
malignant cells, no significant difference was observed in
active caspase-3 levels of HCV29 groups. Based on the assays
above, it was evident that apoptin was able to selectively
inhibit the proliferation of malignant urothelial cells and in-
duce apoptosis by a caspase-3-dependent pathway.

Selective cytotoxicity coupled with apoptin-coordinated
expression profiles of multiple tumor-associated gene

In order to explore the mechanism of the selective cytotoxic
effect of apoptin on bladder-derived cells, we have examined
the expression profiles of the tumor-associated genes that

Fig. 3 The analysis of apoptin-
coordinated tumor-associated
gene profiles in malignant and
nonmalignant bladder cell lines.
a Flow cytometry analysis
of the differential protein
expression of Ki67 in apoptin-
expressing cells. b Comparison
of differential expression
patterns of c-erbB-2, Rb, and
nm23 in T24, EJ, and HCV29
after infection of Ad-apoptin
and Ad-VC
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have been reported by several studies. Ki67 was detected by
flow cytometry, and C-erbB-2, Rb, and nm23 were analyzed
by western blot. The data obtained from flow cytometry has
shown that Ki67 that was required for maintaining cell
proliferation has been downregulated in T24 and EJ after
infection of Ad-apoptin. However, the expression levels of
Ki67 in HVC29 have not been affected by delivery of apop-
tin (Fig. 3a). As shown in Fig. 3b, the protooncogene of C-
erbB-2 was highly expressed in human bladder carcinoma
cell lines T24 and EJ and expressed in a low level in normal
urothelial cells HCV29. After infection of Ad-apoptin, the
expression of C-erbB-2 has been significantly decreased in
T24 and EJ; however, no obvious change in C-erbB-2 ex-
pression was detected in HCV29 by western blot (Fig. 3b).
Retinoblastoma (RB), a tumor suppressor gene, was found to
be significantly upregulated in EJ and HCV29 and moder-
ately upregulated in T24 after infection of Ad-apoptin
(Fig. 3b). Furthermore, nm23, which was recognized as a
metastasis suppressor, was not influenced by apoptin in
protein levels (Fig. 3b).

Evaluation of tumor toxic effect of apoptin in bladder cancer
of BALB/C nude mouse models

Notice that apoptin could selectively induce apoptosis in
malignant bladder cells, and we would further validate the
results in vivo by employing nude mouse model of BC.
Considering the low immunogenicity, we have employed
the adeno-associated virus (AAV) system as the vehicle to
deliver apoptin in vivo. Two strains of recombinant AAV

were prepared in large scale including rAAV-apoptin and
rAAV-VC. In the animal study, we have adopted 48
BALB/C nude mice, and 24 mice were implanted with
T24 cells and 24 mice were injected with EJ cells. To
establish the BC model, 3×106T24 or EJ cells in 0.2 ml of
physiological saline were injected subcutaneously into the
backs of nude mice. Mice, either implanted with T24 or EJ
cells, were randomly divided into three groups (eight mice
per group) and treated with rAAV-apoptin, rAAV-VC, or
physiological saline, respectively, by multipoint injection
intratumorally. The dosage of rAAV was 1×1010v.g. three
times a week and injected for a total of 4 weeks. The tumor
volume of each mouse was measured with vernier caliper
every 3 days. The results of the tumor volume curves have
demonstrated that inhibitory effects of tumor growth were
obvious in both T24 and EJ apoptin-delivered groups
(Fig. 4a and b). The survival of the animal models in
all groups was determined by Kaplan–Meier analysis.
The results indicated that no matter if the mice were
implanted with T24 or EJ, the mice infused with rAAV-
apoptin or physiological saline displayed significantly
poorer prognosis than those that treated with apoptin
(Fig. 4c and d).

Apoptin inhibits the proliferation of bladder carcinoma cells
by altering the expression profiles of multiple tumor-associated
gene in vivo

To investigate the expression patterns of the tumor-
associated genes in vivo, we have conducted qRT-PCR

Fig. 4 The evaluation of tumor
growth and survival rate in
nude mice allograft model of
human bladder cancer. a and
b Dynamic measurement of
tumor volumes treated with
AAV-apoptin, AAV-VC,
and physiological saline,
respectively, in animal models
of bladder cancer inoculated
with T24 and EJ. c and d The
analysis of survival rates of
allografting animal models with
different therapies (p<0.05,
Mantel–Cox logrank test)
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Fig. 5 The evaluation of apoptin- and tumor-associated gene expres-
sion profiles in vivo by immunohistochemistry (IHC) and real-time
PCR. a IHC assays of the expression of apoptin in tumors treated with
AAV-apoptin, AAV-VC, and physiological saline at 10 days and
20 days postinjections. b: A and B Real-time PCR assays for compar-
isons of the different gene expression levels (apoptin, Ki67, C-erbB-2,
Rb, and nm23) in tumors from animal models treated with different

methods, which were normalized by GAPDH (*p<0.05, Student's t
test). C and D Stereological quantification of immunopositive cells of
apoptin, Ki67, C-erbB-2, and nm23, respectively, in tumors from T24
and EJ allografting animal models (*p<0.05, Student's t test). c Im-
munohistochemistry assays for detection of different tumor-associated
gene expression profiles in T24 and EJ allografting models injected
with AAV-apoptin, AAV-VC, and physiological saline
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and immunohistochemistry by using tissues from animal
models. Firstly, the expression of apoptin in target sites
was detected 10 and 20 days after injection of the virus by
immunohistochemistry assay. Both in T24- and EJ-
implanted groups, a considerable amount of apoptin-
positive cells could be seen 10 days after virus injection,
and the intensities and color reactive areas were dramatically
increased in 20 days (Fig. 5a). However, no immunopositive
cells were detected in sections isolated from animals in
control groups. To determine the expression profiles of
tumor-associated genes including Ki67, C-erbB-2, Rb, and
nm23, we isolated the tumors from animals in all groups
20 days after treatments and then sectioned these to perform
immunohistochemistry assays. It was evident that Ki67- and
C-erbB-2-positive cells have been significantly decreased
by infusions of apoptin (Fig. 5c). On the contrary, the
expressions of Rb and nm23 were upregulated by injection
of apoptin compared to the controls (Fig. 5c). Moreover, an
investigator who was blinded to the experiment was invited
to perform stereological estimation of the number of immu-
noreactive cells in all tissue sections. The ranges of the
target areas were defined under a microscope, and five
consecutive sections were used as the counting samples.
A physical dissector counts method was performed to
evaluate the number of the immunopositive cells under
40× magnification. As shown in Fig. 5b, the results from

stereological quantification were consistent with that from
immunohistochemistry. Additionally, we performed qRT-
PCR to confirm the expression patterns of these genes on
mRNA level by using tissues obtained 20 days after virus
injection. Evidences from qRT-PCR demonstrated that the
expression of apoptin could downregulate Ki67 and C-erbB-
2 and upregulate Rb and nm23 in mRNA levels in T24- and
EJ-implanted groups.

Ki67, C-erbB-2, Rb, and nm23 were differentially expressed
between malignant and nonmalignant bladders

To determine the expression profiles of Ki67, C-erbB-2, Rb,
and nm23 in clinical samples, we performed qRT-PCR to
detect the expressions of corresponding genes on mRNA
level by using clinical bladder carcinoma samples. Ten
patients with urothelial BC staging T1 or T2 were recruited,
and malignant and nonmalignant tissues were separated as
soon as the bladders were resected by surgery. Before ap-
plying to qRT-PCR, the tissues were sampled for immuno-
histochemistry assays to verify malignancy. The results
proved that Ki67 and C-erbB-2 were expressed in higher
levels in malignant urothelial tissues than in normal tissues
(Fig. 6). Conversely, the expression levels of Rb and nm23
were negatively correlated with the malignancies of the
tissues involved (Fig. 6).

Fig. 5 (continued)
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Discussion

In clinical settings, treatment of bladder tumor with chemo-
therapeutic agents or radiotherapy is a paradoxical practice.
On the one hand, we tried to get rid of the tumors that could
not be cleared by surgeries as more as possible to prevent
tumor recurrence and progression through chemotherapy or
radiotherapy. One the other hand, normal tissues also would
be injured to lose function by these traditional methods due
to their blindness. Alternatively, gene therapies of cancers
by viral and nonviral vector-delivering tumor suppressive
genes have shown great promise. However, something
concerning therapeutic genes and transfer vehicles was still
controversial. Taking endogenous genes as the therapeutic
agents, for example, p53, may not work as expected [21].
Studies have indicated that tumor-suppressive functions can
be harmful under conditions of systemic genotoxic stress,
and certain tumors with p53 deficiency were significantly
more sensitive to experimental chemo- and radiotherapy
than tumors with wild type p53 [22]. Moreover, tumor-
oriented vectors were still underdeveloped. The blindness
of the vectors may cause severe side effects, which have

impaired the progress of clinical trials. Therefore, tumor-
specific approaches were needed to ensure safety.

CAV, which is an icosahedral single-stranded DNA virus,
can cause depletion of thymocytes and erythroblastoid cell in
chickens through apoptosis [23]. The polycistronic mRNA
transcribed from CAV genome encodes three proteins includ-
ing VP1, VP2, and VP3. It was found that the expression of
VP3, named apoptin, can induce apoptosis in transformed
cells effectively without any cytotoxicity to normal cells
[12]. With this unique feature, the treatment of cancer can be
more accurate by using blind vectors. Furthermore, it was
reported that apoptin shares no significant homogenous se-
quence with known cellular proteins, which meant that over-
expression of apoptin would not lead to hyperfunction of any
cellular proteins except for apoptosis compared to employing
cellular tumor-suppressive genes. Given the distinct character-
istics, apoptin has shown great potential in treatments of
cancer with high accuracy and safety. However, the mecha-
nism of the selective cytotoxic effect to tumorigenic cells was
still unknown. Notably, accumulating evidences have indicat-
ed that the delivery of apoptin could activate the caspase
cascade and facilitate the release of cytochrome c through

Fig. 6 Relative tumor-associated
gene (Ki67, C-erbB-2, Rb,
and nm23) expression in clinic
bladder tumor samples and tissue
from normal bladders, which
were normalized by GAPDH
(*p<0.05, Student's t test)
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mitochondrial pathway [14]. The results from our study also
have reported that an active form of caspase-3 has been
significantly upregulated in apoptotic bladder carcinoma cells
induced by apoptin, which was consistent with previous stud-
ies. Moreover, we have also observed that apoptin could
specifically accumulate in nucleus of bladder tumor-derived
cells. We speculated that the selective cytotoxic effect to
transformed cell lines was correlated with the tumor-specific
nucleus localization.

In order to investigate the mechanism of apoptosis in BC
cells induced by apoptin, we have examined the expression
profiles of multiple tumor-associated genes both in vitro and in
vivo. Ki67 expressed in nucleus of cycling cells is a biomarker
of cell proliferation. Numerous studies have demonstrated that
Ki67 was an important indicator to progression and predictor
for recurrence of bladder malignancy [18, 24]. In our studies,
the expression of Ki67 was significantly downregulated after
infusion of apoptin, which indicated that cell proliferation was
stopped. Consistently, Teodoro et al. have found that apoptin
could induce G2/M arrest and apoptosis in transformed cells in
favor of an anaphase-promoting complex [25]. RB that was a
key regulator of cell cycle progression was associated with
bladder tumorigenesis [17, 26]. The results from our study
have shown that the expression level of Rb was increased after
expression of apoptin both in vitro and in vivo. To interpret the
results, we hypothesized that the antiproliferation effect in the
apoptin-delivered BC cells referred above were attributed to
enhanced cell cycle arresting function of Rb. C-erbB-2, also
known as HER2, was associated with approximately 30 % of
breast cancers. In term of bladder carcinoma, the expression
levels of C-erbB-2 were varied between different groups [19,
27, 28]. However, some clinical studies have reported that anti-
her-2 therapies have shown large potential in BC patients who
were her-2 positive [29]. Interestingly, results from our
study have indicated that a higher mRNA level of C-erbB-2
was observed in malignant tissues than benign tissues.
Furthermore, we have observed decreased expression levels
of C-erbB-2 in vitro after infection of Ad-apoptin and dimin-
ished quantities of C-erbB-2 immunopositive cells in an ani-
mal study. Themetastasis suppressor nm23 has been known to
associate the volume and grade of bladder carcinomas [20,
30]. Despite of the negative results in vitro, we have noticed
that the nm23-positive cells have been increased after infusion
of apoptin through stereological cell counting assay. It is also
evident that the mRNA expression level of nm23 in benign
tissues was higher than tumorigenic tissues. We speculated
that certain molecules or biological events have been involved
in the upregulation of nm23 in vivo, besides apoptin.
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