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Abstract Bladder cancer-specific oncolytic adenovirus Ad/
PSCAE/UPII/E1A, carrying E1A gene regulated by human
Uroplakin II (UPII) promoter and prostate stem cell antigen
enhancer (PSCAE), could kill bladder tumor cells preferen-
tially. The aim of this study was to examine the effects of Ad/
PSCAE/UPII/E1A combined with cisplatin on human bladder
cancer cells and to identify the underlying mechanisms. The
combined effects of Ad/PSCAE/UPII/E1A and cisplatin on
EJ, 5637, and BIU-87 bladder cancer cells were evaluated by
MTT cell proliferation assay. Cell apoptosis was detected by
flow cytometry with fluorescein isothiocyanate-conjugated
annexin V (annexin V-FITC) and propidium iodide staining.
The activation of the caspase pathway and the expression of
Bcl-2 family proteins were determined by western blot assay.
Ad/PSCAE/UPII/E1A adenovirus vector could infect bladder
cancer cell lines selectively and induce growth inhibition
effectively. Of note, the combination treatment of cisplatin
and Ad/PSCAE/UPII/E1A could inhibit the proliferation of
bladder cancer cells significantly compared with the “alone”
treatment. Furthermore, Ad/PSCAE/UPII/E1A plus cisplatin
combined treatment resulted in enhanced apoptosis in bladder
cancer cells. The enhanced antitumor effects in vitro elicited
byAd/PSCAE/UPII/E1A plus cisplatin were closely related to

the increased Fas expression and cleavage of caspase-8 and
Bid and decrease in the ratio of anti- to pro-apoptotic proteins
followed by activation of caspase-9 and caspase-3, whichmay
contribute to the activation of extrinsic and intrinsic apoptotic
pathways. Our results indicate that the combination of Ad/
PSCAE/UPII/E1A with cisplatin exerts a synergistic antitu-
mor effect on human bladder cancer cells and is a potential
combined treatment strategy for bladder cancer.
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Introduction

Transitional cell carcinoma (TCC) of the bladder is a common
cause of death of genitourinary tumours. Treatments are wide-
ranging and include surgical resection, chemotherapy, radio-
therapy, and immunotherapy. Meanwhile, gene therapeutic
approaches to bladder cancer have shown research promise
[1–4]. However, the low specificity and efficacy of gene
therapy is an obstacle yet to be overcome.

Conditionally replicating adenovirus (CRAD) has been
developed to reduce the side effects and obtain more benefi-
cial efficacy [5, 6]. CRAD enables the gene therapy to induce
tumor-specific cell death and amplify the oncolytic activity by
replicating and spreading the surrounding cells [7–9]. The
oncolytic process of the adenovirus life cycle can engender
cancer cell death in a directed fashion when the gene E1A/B, a
key regulator for viral replication, is modified to have a tumor-
specific promoter [10, 11]. In the search for a tumor-specific
adenovirus for the treatment of bladder cancer, we have con-
structed a bladder cancer-specific oncolytic adenovirus, Ad/
PSCAE/UPII/E1A, by inserting human UPII promoter and
PSCAE upstream of the E1A gene to regulate E1A gene
expression, which has shown potent antitumor effects in blad-
der cancer cells in our previous studies [12].
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Chemotherapy is one of the most conventional therapeutic
strategies for human cancers. Conventional chemotherapy
agents include cisplatin, 5-fluorouracil, and adriamycin. Cis-
platin, which is also named cis-diamminedichloroplatinum
(CDDP), is deemed to be the “penicillin of cancer drugs”
due to its universal, early, and effective treatment for a variety
of cancers [13]. In the clinic, cisplatin is often used as part of
an attractive chemotherapy regimen and is broadly used for
the treatment of various human malignant tumors, including
bladder cancer. However, severe side effects and drug resis-
tance are the major clinical hurdles associated with cisplatin-
based chemotherapy [14, 15]. The dose that is necessary to
overcome even a small increase in cellular resistance can lead
to severe cytotoxicity in normal cells. Therefore, in order to
reduce drug dosage, minimize toxic side effects, and enhance
therapeutic efficacy, novel therapeutic modalities are urgently
needed to achieve the successful application of cisplatin in
cancer therapy.

In this study, we constructed a bladder cancer-specific
oncolytic adenovirus (Ad/PSCAE/UPII/E1A) that carries
E1A gene under the control of human UPII promoter and
PSCAE. Previous report has demonstrated that this bladder
cancer-specific oncolytic adenovirus can kill bladder tumor
cells preferentially [12]. In the present investigation, we eval-
uated whether the combination treatment of Ad/PSCAE/UPII/
E1A plus cisplatin could perform robust synergistic killing in
bladder cancer cells. Next, we studied the underlying molec-
ular mechanisms of enhanced cytotoxicity induced by the
combination therapy with attention to the alteration of Bcl-2
family proteins because pro- and anti-apoptotic Bcl-2 family
proteins dictate the ultimate sensitivity or resistance of cancer
cells to various apoptotic stimuli [16].

Materials and methods

Construction of recombinant adenoviruses

Two previously described recombinant adenovirus vectors
[12] were used in this study: Ad/PSCAE/UPII/E1A,
which carries the E1A gene under the control of UPII
promoter and PSCAE, and Ad/PSCAE/UPII/Luc, which
encodes a luciferase gene and was used as a control. All
adenovirus handling, cotransfection, amplification, purifi-
cation, and quantification have been described in detail in
our previous studies [12]. The recombinant adenoviruses
were amplified in HEK293 cells and purified by cesium
chloride density gradient centrifugation. The virus titer
was quantified using the standard TCID50 (50 % tissue
culture infective dose) assay. The MOI (multiplicity of
infection, ratio of infectious virus particles to cells) was
calculated from viral particle numbers.

Cell lines and cell culture

All cell lines were purchased from the American Type Culture
Collection (Manassas, VA, USA). Human bladder cancer cell
lines (5637, EJ, and BIU-87) were cultured in RPMI 1640
medium (Hyclone Laboratories, Logan, UT, USA), whereas
human embryonic kidney cell line (HEK293) and normal
human urinary cell line (SV-HUC-1) were grown in
Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen,
Grand Island, NY, USA). The medium was supplemented
with 10 % (vol/vol) heat-inactivated fetal bovine serum
(Hyclone Laboratories), penicillin (final concentration
100 IU/ml), and streptomycin (final concentration
100 μg/ml). All cell lines were incubated at 37 °C in a
humidified incubator containing 5 % carbon dioxide.

Infectivity of adenovirus

Bladder cancer cells were infected with Ad/PSCAE/UPII/
E1A or Ad/PSCAE/UPII/Luc at a MOI of 10 for 24 h. The
expression of adenoviral E1A in infected cells was tested
using western blot analysis with anti-Ad5 E1A mouse mono-
clonal antibody (Abcam, Cambridge, UK).

Cell viability assay

The cytotoxic effects of recombinant adenoviruses or cisplatin
on bladder cancer cells were first assessed using the MTT
assay. Briefly, bladder cancer cells and human normal urinary
cells SV-HUC-1 were seeded in 96-well plates (5×103 cells/
well) and incubated for 24 h at 37 °C. Cells were then exposed
to increasing concentrations of adenovirus vectors or cisplatin
(Sigma, Ronkonkoma, NY, USA). After 72 h of incubation at
37 °C, 20 μl of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT; Sigma) in PBS (5mg/ml)
was added to each well, followed by an additional 4 h of
incubation. Then, the supernatant was removed, and 150 μl
dimethylsulfoxide (DMSO; Sigma) was subsequently added
to each well and mixed thoroughly. The optical density (OD)
was measured at 490 nm by a microplate reader (EXL-800,
Bio-Tek Instruments, Inc., Winooski, USA). For combination
therapy with adenoviruses and cisplatin, cells were seeded and
infected with Ad/PSCAE/UPII/E1A or Ad/PSCAE/UPII/Luc
at a MOI of 10. At 24 h postinfection, cells were then treated
with cisplatin (1 μg/ml) for the indicated time points of 24, 48,
and 72 h. At the indicated times posttreatment, the MTTassay
was carried out. Each assay was repeated three times, each
time in triplicate. Cell viability was expressed as the absor-
bance of the experimental group (Aexp group) compared with
the absorbance of the control group (Acontrol) and was calcu-
lated as follows: (Aexp group/Acontrol)×100. The interaction
between Ad/PSCAE/UPII/E1A and cisplatin was assessed
by calculating the combination index (CI) using the following
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equation as described previously [17, 18]: CI = FuAFuB/
Fu(A+B), where FuA represents the fraction unaffected by
Ad/PSCAE/UPII/E1A alone compared with the untreated
control group, FuB represents the fraction unaffected by cis-
platin alone, and Fu(A+B) represents the fraction unaffected
by Ad/PSCAE/UPII/E1A plus cisplatin. A value of CI>1
denotes a synergistic effect between Ad/PSCAE/UPII/E1A
and cisplatin, and CI<1 denotes a less than additive effect.

Cell apoptosis analysis by flow cytometry

Ad/PSCAE/UPII/E1A or/and cisplatin-induced apoptosis in
5637 bladder cancer cells was measured by staining with
fluorescein isothiocyanate-conjugated annexin V (annexin
V-FITC) and propidium iodide (PI) using the annexin V-
FITC Apoptosis Detection Kit I (BD PharMingen, San Diego,
CA, USA). Briefly, cells were treated with Ad/PSCAE/UPII/
Luc (10 MOI), Ad/PSCAE/UPII/E1A (10 MOI) or cisplatin
(1 μg/ml) alone, Ad/PSCAE/UPII/Luc (10 MOI) plus cisplat-
in (1 μg/ml), or Ad/PSCAE/UPII/E1A (10 MOI) plus cisplat-
in (1 μg/ml). The medium containing PBS without cisplatin,
Ad/PSCAE/UPII/E1A, Ad/PSCAE/UPII/Luc, cisplatin plus
Ad/PSCAE/UPII/E1A, or cisplatin plus Ad/PSCAE/UPII/
Luc was used as a cell control (PBS control). After 48 h, the
cells were harvested, trypsinized, and washed twice with cold
PBS. Then, the cells (1×105) were resuspended in 100 μl of
1× binding buffer and incubated with 5 μl of annexin V-FITC
and 5 μl of PI at room temperature. After 15min of incubation
in the dark, 400 μl of 1× binding buffer was added, and the
apoptotic cells were analyzed by flow cytometry, using a
FACScan flow cytometer (BD Biosciences, San Jose, CA,
USA). Apoptotic cells were defined as the population that
was propidium iodide negative (indicating an intact plasma
membrane) and annexin V-FITC positive [19, 20].

Western blot analysis

To elucidate the molecular mechanisms involved in Ad/
PSCAE/UPII/E1A plus cisplatin-induced enhancement of
growth inhibition and apoptosis in bladder cancer cells, the
expression of apoptosis-related proteins in different treatments
of 5637 cells was assessed by western blot analysis. Cells
were treated with cisplatin (1 μg/ml), Ad/PSCAE/UPII/E1A
(10 MOI), or Ad/PSCAE/UPII/E1A (10 MOI) plus cisplatin
(1 μg/ml). The medium containing PBS without cisplatin, Ad/
PSCAE/UPII/E1A, or cisplatin plus Ad/PSCAE/UPII/E1A
was used as a cell control (PBS control). After 48 h of
treatment, the 5637 cells were harvested and washed with
cold PBS. Protein extraction was carried out using RIPA
(Beyotime Biotechnology, Jiangsu, China) on ice. Protein
concentrations were determined using a BCA Protein Assay
Kit (Beyotime Biotechnology) according to the manufac-
turer's recommendations. Equal amounts (30 μg) of protein

from each sample were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and then
transferred onto PVDF membranes (Millipore, Bioprocess
Technology Center, Billerica, MA, USA). The membranes
were blocked for 2 h at room temperature in Tris-buffered
saline-Tween (TBST) containing 5 % nonfat dry milk. After
washing three times with TBST, the membranes were incu-
bated with the suitably diluted first antibodies overnight at
4 °C. Membranes were then washed with TBST again and
incubated with appropriate HRP-conjugated secondary anti-
bodies for 2 h at room temperature. The membranes
underwent additional washing, and the immunoreactive bands
were detected using the chemiluminescence detection kit
(Beyotime Biotechnology) according to the manufacturer’s
protocols.

The primary antibodies specific for Fas, Bcl-2, Bcl-XL,
Bax, and Bak were purchased from Abcam (Cambridge, UK).
The antibodies specific for cleaved form of Bid, caspase-3,
caspase-8, caspase-9, poly (ADP-ribose) polymerase (PARP),
and β-actin were purchased from Cell Signaling Technology
Inc. (Hertfordshire, UK). Horseradish peroxidase-conjugated
anti-mouse IgG and anti-rat IgG were obtained from Beijing
Zhong Shan-Golden Bridge Biological Technology Co., Ltd
(Beijing, China).

Statistical analysis

The results were analyzed using SPSS 13.0 statistical software
(SPSS Inc., Chicago, IL, USA) and were expressed as mean±
SD. The significance of the difference between groups was
evaluated by analysis of variance (ANOVA) and Student’s t
test. A value of P<0.05 was considered as statistically
significant.

Results

Infectivity of Ad/PSCAE/UPII/E1A

To assess the infectivity of oncolytic adenovirus Ad/PSCAE/
UPII/E1A, bladder cancer cell lines EJ, 5637, and BIU-87
were treated with Ad/PSCAE/UPII/Luc (10 MOI), Ad/
PSCAE/UPII/E1A (10 MOI), or PBS for 24 h, and western
blot analysis was performed to detect the expression of ade-
novirus E1A protein. As shown in Fig. 1, a strong expression
of E1Awas found in the Ad/PSCAE/UPII/E1A-infected blad-
der cancer cells, but not in the Ad/PSCAE/UPII/Luc-infected
and uninfected bladder cancer cells, indicating that Ad/
PSCAE/UPII/E1A could efficiently infect bladder cancer cells
and thereby replicate there at higher levels (Fig. 1).
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Ad/PSCAE/UPII/E1A or cisplatin alone inhibits bladder
cancer cell growth in vitro

The sensitivity of bladder cancer cells to cisplatin was first
assessed by MTT assay. Cells were subjected to cisplatin at
concentrations ranging from 0.5 to 8 μg/ml. As shown in
Fig. 2, treatment of EJ, 5637, and BIU-87 cells with cisplatin
resulted in a concentration-dependent reduction of cell viabil-
ity, where a concentration of 1 μg/ml reduced their surviving
fraction to about 85 %.

We then tested the cytotoxic effects of oncolytic adenovi-
ruses alone on the bladder cancer cells. EJ, 5637, and BIU-87
cells were infected with Ad/PSCAE/UPII/E1A or Ad/
PSCAE/UPII/Luc at MOI ranging from 1 to 40. Results
showed that Ad/PSCAE/UPII/E1A induced dose-dependent
cell death in all tested bladder cancer cell lines (Fig. 3),
whereas Ad/PSCAE/UPII/Luc did not cause detectable cyto-
toxic effects.

The combination of Ad/PSCAE/UPII/E1A and cisplatin
synergistically suppresses bladder cancer cells growth in vitro

Next, we investigated the potential enhanced cytotoxic effect
of Ad/PSCAE/UPII/E1A when used in combination with
cisplatin. For combination therapies, EJ, 5637, and BIU-87
cells were first infected with Ad/PSCAE/UPII/E1A or Ad/
PSCAE/UPII/Luc at a MOI of 10 for 24 h and then treated
with 1 μg/ml cisplatin. Cell survival was examined daily for
3 days using MTT assay. As shown in Fig. 4, Ad/PSCAE/
UPII/E1A (10 MOI) plus cisplatin (1 μg/ml) combination
treatment synergistically inhibited EJ, 5637, and BIU-87

bladder cancer cells growth in a time-dependent manner,
compared with single Ad/PSCAE/UPII/E1A- and cisplatin-

Control Ad(Luc)  Ad(E1A)

EJ E1A

β-actin

5637 E1A

β-actin

BIU-87 E1A

β-actin

Fig. 1 The expression of E1A in EJ, 5637, and BIU-87 bladder cancer
cells 24 h after infection of Ad/PSCAE/UPII/E1A or Ad/PSCAE/UPII/
Luc. The cells were treated with Ad/PSCAE/UPII/Luc (10 MOI), Ad/
PSCAE/UPII/E1A (10 MOI), or PBS for 24 h, and then the expression of
E1A in bladder cancer cells were assessed by western blot analysis. Data
shown are representative of three independent experiments. β-Actin was
used as a loading control. Ad(Luc) Ad/PSCAE/UPII/Luc, Ad(E1A) Ad/
PSCAE/UPII/E1A
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Fig. 2 The cytotoxic effects of cisplatin on EJ (a), 5637 (b), and BIU-87
(c) bladder cancer cells and SV-HUC-1 (d) normal urinary cells assessed
by using the MTT assay. The data shown and bars represent the means±
SD of three independent experiments. *P<0.05, **P<0.01 compared
with PBS group
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treated groups (P<0.01; CI>1). In particular, when used
alone, cisplatin at 1 μg/ml induced 17.1 % EJ cell death on
day 3; Ad/PSCAE/UPII/E1A at 10 MOI induced 26.5 % cell
death. In marked contrast, when 1 μg/ml cisplatin was com-
bined with 10 MOI Ad/PSCAE/UPII/E1A, cell death in-
creased to 71.8 % (Fig. 4a).

The effects of Ad/PSCAE/UPII/E1A or/and cisplatin
on human normal urinary cell SV-HUC-1

As a tumor-selective replication vector, Ad/PSCAE/UPII/
E1A should spare normal cells theoretically. We examined
the effects of Ad/PSCAE/UPII/E1A or/and cisplatin on
human normal urinary cell line SV-HUC-1. As shown in
Fig. 2d, treatment of SV-HUC-1 cells with cisplatin at 2,
4, and 8 μg/ml elicited a marked growth inhibition (11.3,
22.5, and 38.8 % reduction, respectively). In contrast, Ad/
PSCAE/UPII/E1A and Ad/PSCAE/UPII/Luc at 1–40 MOI
did not result in obvious cytotoxicity toward SV-HUC-1
cells (Fig. 3d, 0.4 to 5 % reduction). Furthermore, com-
bined use of cisplatin and Ad/PSCAE/UPII/E1A had only
a slightly greater cytotoxic effect compared with cisplatin
alone (Fig. 5). These data suggest that Ad/PSCAE/UPII/
E1A exerts selective killing activity against bladder can-
cer cells and is an ideal bladder cancer-specific oncolytic
adenovirus for combination therapy of bladder cancer.

The combination of Ad/PSCAE/UPII/E1A and cisplatin
enhances apoptosis in 5637 bladder cancer cells

To study a possible mechanism that contributes to the en-
hanced cytotoxicity induced by the combination of Ad/
PSCAE/UPII/E1A and cisplatin, we investigated whether
this combination treatment results in increased apoptosis in
5637 bladder cancer cells. Cell apoptosis was analyzed by
flow cytometry. As shown in Fig. 6, the lower right quadrant
(LR, PI-negative, and annexin V-FITC-positive cells) of
each panel represents the early apoptotic cells. As shown
in Fig. 6a–e, the early apoptotic cell fractions were 0.13,
1.75, 7.18, 8.58, and 9.25 % (lower right quadrant, LR) in
5637 bladder cancer cells treated with PBS, Ad/PSCAE/
UPII/Luc, Ad/PSCAE/UPII/E1A, cisplatin, and Ad/
PSCAE/UPII/Luc plus cisplatin, respectively. However,
the early apoptotic cell fraction increased impressively to
33.73 % (Fig. 6f, lower right quadrant, LR) in the Ad/
PSCAE/UPII/E1A plus cisplatin-treated cells. This means
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�Fig. 3 The cytotoxic effects of Ad/PSCAE/UPII/E1A and Ad/PSCAE/
UPII/Luc on EJ (a), 5637 (b), and BIU-87 (c) bladder cancer cells and
SV-HUC-1 (d) normal urinary cells assessed by using the MTT assay.
Each data point represents the mean of three independent experiments
with standard deviation. **P<0.01 compared with Ad/PSCAE/UPII/Luc
group
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that, compared with Ad/PSCAE/UPII/E1A or cisplatin
alone, their cooperation induces more 5637 cells apoptosis,
which closely correlates with the Ad/PSCAE/UPII/E1A
plus cisplatin-mediated in vitro synergistic growth inhibi-
tion of 5637 bladder cancer cells.

Ad/PSCAE/UPII/E1A plus cisplatin cooperatively regulates
extrinsic and intrinsic apoptotic pathways

To further address the underlying molecular mechanism by
which Ad/PSCAE/UPII/E1A plus cisplatin combination
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Fig. 4 Synergistic induction of
bladder cancer cells death by
combination of Ad/PSCAE/UPII/
E1Awith cisplatin. Bladder
cancer cell lines EJ (a), 5637 (b),
and BIU-87 (c) were treated with
Ad/PSCAE/UPII/Luc (10 MOI),
Ad/PSCAE/UPII/E1A (10 MOI),
cisplatin (1 μg/ml), Ad/PSCAE/
UPII/Luc (10 MOI) + cisplatin
(1 μg/ml), or Ad/PSCAE/UPII/
E1A (10 MOI) + cisplatin
(1 μg/ml) for the indicated time
periods (0–3 days), respectively.
Cell viability was determined by
the MTT assay. Data are
presented as means±SD of three
independent experiments.
Asterisk significantly different
from the treatment with Ad/
PSCAE/UPII/Luc alone, Ad/
PSCAE/UPII/E1A alone,
cisplatin alone, and Ad/PSCAE/
UPII/Luc plus cisplatin
(**P<0.01). Number sign CI in
the Ad/PSCAE/UPII/E1A plus
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>1
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treatment results in enhanced antitumor effect, the expression
of apoptosis-related proteins in 5637 bladder cancer cells with
different treatments was determined by western blot analysis.
As observed in Fig. 7, the expression of Fas, Bax, and Bak in
Ad/PSCAE/UPII/E1A, cisplatin, and Ad/PSCAE/UPII/E1A
plus cisplatin groups was significantly increased, whereas
the expression of Bcl-2 and Bcl-XL was decreased, compared
with the PBS control group. The significant activation of
caspase-8, Bid, caspase-9, caspase-3, and PARP was also
found in Ad/PSCAE/UPII/E1A, cisplatin, and Ad/PSCAE/
UPII/E1A plus cisplatin groups, but not in the PBS control
group. Moreover, Ad/PSCAE/UPII/E1A plus cisplatin com-
bined treatment elicited an additive effect on the altered ex-
pression of apoptosis-related proteins involved in the activa-
tion of extrinsic and intrinsic apoptotic pathways, indicating
that Ad/PSCAE/UPII/E1A plus cisplatin synergistically sup-
presses 5637 bladder cancer cell growth and induces apoptosis
closely related to the cooperative regulation of extrinsic and
intrinsic apoptotic pathways.

Discussion

Virotherapy is a cancer-specific strategy in which viruses
are engineered to preferentially kill tumor cells through
targeted alterations in the cancer such as p53 mutation,
viral deletion, tumor-specific receptors, or tissue-specific
transcriptional control, thus representing a promising ap-
proach for the treatment of human malignancies refractory
to conventional therapies [21, 22]. Recently, many efforts
have been made to realize tumor-specific adenoviral rep-
lication using a variety of gene promoters, including the
prostate-specific antigen, osteocalcin, MUC1, midkine, L-
plastin, and E2F-1 genes [23–28]. We were prompted by
these studies to use the human UPII promoter and
established a bladder cancer-specific oncolytic adenovirus
vector (Ad/PSCAE/UPII/E1A), which contains the human
UPII gene promoter and PSCAE upstream of the E1A
gene in adenovirus type 5 genome. Ad/PSCAE/UPII/
E1A can express E1A gene selectively in bladder cancer
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Ad/PSCAE/UPII/E1A (10 MOI),
cisplatin (1 μg/ml), Ad/PSCAE/
UPII/Luc (10 MOI) + cisplatin
(1 μg/ml), or Ad/PSCAE/UPII/
E1A (10 MOI) + cisplatin
(1 μg/ml) for the indicated time
periods (0-3 days). Cell viability
was determined by the MTT
assay. Data are presented as
means±SD of three independent
experiments. Ad(Luc) Ad/
PSCAE/UPII/Luc, Ad(E1A) Ad/
PSCAE/UPII/E1A
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cells and thereby replicate there efficiently. This virus
system does not require any specific transgenes to deliver
because vigorous viral replication itself induces cell death
as a result of viral toxicity. In this study, we used human
bladder cancer cell lines and demonstrated that Ad/
PSCAE/UPII/E1A, a new bladder cancer-specific
oncolytic adenovirus, could efficiently infect bladder can-
cer cell lines and lead to remarkable killing of cancer cells
in vitro without damage to human normal urinary cell line
SV-HUC-1. These results suggest that Ad/PSCAE/UPII/
E1A is a promising targeted bladder cancer-specific
oncolytic adenoviral vector.

Cisplatin is a well-known chemotherapeutic agent that
is broadly used for the treatment of ovarian, testicular,
head and neck, bladder, lung, cervix, esophagus, stomach,
endometrium, and other neoplasms [13, 29, 30]. The
severe side effects encountered with cisplatin therapy
include neurotoxicity and nephrotoxicity; drug resistance
in response to cisplatin treatment is also a major hurdle in
the clinical use of this drug [31]. Most cases of bladder
cancer ini t ial ly respond well to cisplat in-based

combination chemotherapy. Unfortunately, the initial re-
sponse is not durable, and tumors in most patients become
resistant to the agents with the progression of the disease
[32, 33]. The dose escalation necessary to overcome even
a small increase in cellular resistance to cisplatin can
cause severe cytotoxicity to normal cells [34]. So, new
approaches are urgently needed to achieve a high thera-
peutic response rate to cisplatin rather than the conven-
tional approaches of increasing the drug dose or combin-
ing several kinds of chemotherapeutic drugs.

To enhance therapeutic effect, reduce side effects, and
eliminate drug resistance, several conjugated strategies
such as the combination of oncolytic adenoviruses with
conventional chemotherapy or radiotherapy have been
applied successfully in cancer therapy. Some clinical trials
have demonstrated that oncolytic adenoviruses therapy
combined with cisplatin yield greater antitumor effects
in the patients with esophagus or head and neck cancer,
without an increase in toxicity; recent studies have shown
that the combination of cisplatin with oncolytic adenovi-
ruses results in a remarkable synergistic cytotoxicity in

a Control b Ad/PSCAE/UPII/Luc c Ad/PSCAE/UPII/E1A

d Cisplatin e Ad/PSCAE/UPII/Luc f Ad/PSCAE/UPII/E1A

+ Cisplatin + Cisplatin

Fig. 6 Effects of Ad/PSCAE/UPII/E1A and cisplatin on 5637 bladder
cancer cell apoptosis. Cells were treated with PBS (a), 10 MOI of Ad/
PSCAE/UPII/Luc (b), 10 MOI of Ad/PSCAE/UPII/E1A (c), 1 μg/ml of
cisplatin (d), 10 MOI of Ad/PSCAE/UPII/Luc plus 1 μg/ml of cisplatin
(e), or 10 MOI of Ad/PSCAE/UPII/E1A plus 1 μg/ml of cisplatin (f). At

48 h later, the cells were harvested and stained with annexin V-FITC and
PI, which was immediately followed by flow cytometry analysis for
apoptosis. The annexin V single-positive cells (lower right quadrant,
LR) in the total cell population represent early apoptotic cells
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human nasopharyngeal, colorectal, hepatocellular, lung,
ovarian, and cervical cancer cells [30, 35–37]. In this
study, we were interested in addressing the therapeutic
effect of chemo-viru therapy by combining Ad/PSCAE/
UPII/E1A with cisplatin on human bladder cancer cells
in vitro and its potential mechanisms.

Before initiating in vitro combination therapy, we first
assessed the cytotoxic effects of cisplatin or Ad/PSCAE/
UPII/E1A alone on 5637, EJ, and BIU-87 human bladder
cancer cells and SV-HUC-1 normal human urinary cells.
Our results confirm the efficacy of Ad/PSCAE/UPII/E1A
and cisplatin as monotherapy in the treatment of human
bladder carcinoma. The results showed that Ad/PSCAE/
UPII/E1A could significantly inhibit bladder cancer cell
growth in a dose-dependent manner. However, Ad/

PSCAE/UPII/E1A had only a minimal effect on SV-
HUC-1 human normal urinary cells, indicating that blad-
der cancer-specific oncolytic adenovirus Ad/PSCAE/
UPII/E1A exerts selective tumor-killing activity in blad-
der cancer cells. Therapeutic effects of Ad/PSCAE/UPII/
E1A varied between cell lines, most likely not only due to
the differences in CAR expression with resulting variation
in transduction efficiency but also due to the differences
in growth rate and cell metabolism. In addition, as ex-
pected, cisplatin induced concentration-dependent growth
inhibition in 5637, EJ, and BIU-87 bladder cancer cells or
SV-HUC-1 normal urinary cells. The higher concentra-
tions of cisplatin (2–8 μg/ml) showed significant
growth-suppressive effects on SV-HUC-1 normal urinary
cells, whereas 1 μg/ml of cisplatin only induced slight

Control Cisplatin Ad(E1A) Combined

Fas

Caspase-8

Cleaved Caspase-8

Cleaved Bid

Bcl-2 

Bcl-XL

Bax

Bak

Caspase-9

Cleaved Caspase-9

Caspase-3

Cleaved Caspase-3

Cleaved PARP 

β-actin

Extrinsic apoptotic 

pathway-related 

proteins

Intrinsic apoptotic 

pathway-related 

proteins

Fig. 7 Ad/PSCAE/UPII/E1A
plus cisplatin cooperatively
regulates extrinsic and intrinsic
apoptotic pathways. The 5637
bladder cancer cells were treated
with Ad/PSCAE/UPII/E1A (10
MOI) alone, cisplatin (1 μg/ml)
alone, Ad/PSCAE/UPII/E1A (10
MOI) plus cisplatin (1 μg/ml), or
PBS for 48 h, and then the
expression of apoptosis-related
proteins in 5637 bladder cancer
cells was assessed by western blot
analysis. Data shown are
representative of three
independent experiments. β-
Actin was used as a loading
control. Ad(E1A) Ad/PSCAE/
UPII/E1A
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cytotoxicity. To minimize the toxicity to normal cells and
produce only modest antitumor activity when used as
monotherapy, while leaving a window for observation of
additive or synergistic effects of Ad/PSCAE/UPII/E1A
plus cisplatin combination treatment, we selected the rel-
atively lower doses of 1 μg/ml of cisplatin and 10 MOI of
Ad/PSCAE/UPII/E1A in the in vitro combination therapy.
Moreover, the sequence and timing of combination treat-
ments are of critical importance and should be considered
in mind in practical use [38]. Difficulty in theoretically
predicting the effect of combination therapy arises from
the fact that the appropriate sequence of drugs may lead to
synergism, while the reverse sequence using the same
drugs may result in antagonism [39–41]. The phase of
the cell cycle may influence the efficiency of adenovirus
infection. Previous studies have shown that the expression
of both CAR and α-v-integrins increases during the M
phase [42]. Paclitaxel, which induces G2-phase/M-phase
cell cycle arrest [43], was found to have a positive influ-
ence on adenovirus transduction in lung carcinoma cells
[44]. Negative influence was observed when ovarian can-
cer cells were pre-treated with cytotoxic chemotherapy
and then treated with tk-GCV gene therapy, while no
interference was observed when gene therapy was follow-
ed by chemotherapy [45]. Therefore, administering che-
motherapeutic agents prior to or during the virotherapy
may negatively affect the outcomes of oncolytic adenovi-
ruses therapy. Cisplatin, acting as a cytotoxic agent, in-
teracts with DNA to produce intrastrand crosslinking
through platination of DNA, leading to cell death [46].
The effects on crosslinking are not cell cycle specific but
most pronounced during the S phase [47, 48]. In order to
minimize the potential negative influence of chemothera-
py on virotherapy and obtain the combination benefit, we
performed virotherapy prior to chemotherapy and allowed
for 24 h of undisturbed viruses infection and replication.
Our in vitro data showed that Ad/PSCAE/UPII/E1A plus
cisplatin combination treatment selectively exerted a syn-
ergistic cytotoxic effect in bladder cancer cells, but not in
SV-HUC-1 normal urinary cells. These results suggest
that Ad/PSCAE/UPII/E1A in combination with standard
chemotherapeutic agent cisplatin may lead to enhanced
chemosensitivity and probably greater tumor killing. The
results also suggest that using a combination of Ad/
PSCAE/UPII/E1A and cisplatin may offer a means of
reducing the therapeutic doses of cisplatin and thus limit-
ing its unwanted side effects in clinical.

Since classical apoptosis has been presumed as the mecha-
nism of adenovirus-induced cell death [49], we then investigat-
ed the role of apoptosis in cytotoxicity resulting from the
combination treatment. Our data showed that treatment of
5637 bladder cancer cells with Ad/PSCAE/UPII/E1A plus
cisplatin resulted in more pronounced enhancement of

apoptosis. To further clarify the underlying mechanisms in-
volved in Ad/PSCAE/UPII/E1A plus cisplatin-induced en-
hanced antitumor activity, the expression of apoptosis-related
molecules such as Fas, caspase-8, Bid, Bax, Bak, Bcl-2, Bcl-
XL, caspase-9, caspase-3, and PARP in different treatments of
5637 bladder cancer cells was assessed by western blot analy-
sis. Fas as a critical apoptotic marker has been shown to
regulate FasL–Fas extrinsic apoptotic pathway. Associated
with the increase in Fas expression is the cleavage of caspase-
8, downstream target of Fas, which has a key role in the
extrinsic apoptotic pathway [50]. Moreover, caspase-8-
mediated cleavage of Bid, which translocates to the mitochon-
dria and activates Bax and Bak, also leads to the activation of
intrinsic apoptotic pathway [51–53]. As we have known, apo-
ptosis is regulated in part by the Bcl-2 protein family which
consist of proapoptotic (Bak, Bax) and antiapoptotic (Bcl-2,
Bcl-XL, Mcl-1, etc.) proteins [54]. The ratio of anti- to pro-
apoptotic proteins constitutes a rheostat that sets the threshold
of susceptibility to apoptosis for the intrinsic apoptotic pathway
that promotes the pore formation in mitochondrial outer mem-
brane, leading to the lesion of mitochondrial integrity and the
release of cytochrome c followed by the activation of caspase-9
and caspase-3 and the cleavage of downstream substrate PARP
[55, 56]. Our western blot results showed that Ad/PSCAE/
UPII/E1A plus cisplatin combination therapy elicited an in-
creased upregulation of Fas, cleaved caspase-8, Bid, Bax, Bak,
cleaved caspase-9, caspase-3 and cleaved PARP, and downreg-
ulation of Bcl-2 and Bcl-XL in 5637 bladder cancer cells,
leading to the cooperative activation of extrinsic and intrinsic
apoptotic pathways, which may closely account for the Ad/
PSCAE/UPII/E1A plus cisplatin-mediated synergistic growth
inhibition and apoptosis in bladder cancer cells.

In summary, the present study demonstrated that Ad/
PSCAE/UPII/E1A, a new bladder cancer-specific oncolytic
adenovirus, could infect and kill bladder cancer cells effectively
and selectively. We showed that Ad/PSCAE/UPII/E1A plus
cisplatin combined treatment resulted in synergistic growth
inhibition and enhanced apoptosis in bladder cancer cell lines,
but without overlapping toxicities in normal cells. The en-
hanced antitumor effect in vitro elicited by Ad/PSCAE/UPII/
E1A plus cisplatin was tightly associated with the increased Fas
expression and cleavage of caspase-8 and Bid and decrease in
the ratio of anti- to pro-apoptotic proteins followed by activa-
tion of caspase-9 and caspase-3, which may contribute to the
activation of extrinsic and intrinsic apoptotic pathways. These
results indicate that Ad/PSCAE/UPII/E1A plus cisplatin is a
potential combined treatment strategy for bladder cancer.
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