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Abstract: Cancer is the cells that grow out of control. Cancer cells can also invade other tissues. Growing out of
control and invading other tissues are what makes a cell a cancer cell. Involved in more than 100 diseases, cancers
can cause serious illness and death. Normally, the cells become cancer cells because of DNA damage. This material
is a literature collection of the researches on the cancer and the bladder.
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1. Introduction

Cancer is the general name for a group of
more than 100 diseases. Although there are many
kinds of cancer, all cancers start because abnormal
cells grow out of control. Untreated cancers can cause
serious illness and death. The body is made up of
trillions of living cells. Normal body cells grow,
divide, and die in an orderly fashion. During the early
years of a person’s life, normal cells divide faster to
allow the person to grow. After the person becomes an
adult, most cells divide only to replace worn-out or
dying cells or to repair injuries.

In the U.S., according to the National Cancer Institute
in 2010, the most common cancers (excluding non-
melanoma skin cancers) are listed below.

Cancer type Estimated new|Estimated
cases deaths
Bladder 70,530 14,680
Breast (female-male) 207,090-1,970 39,840-390
Colon and rectall
(combined) 142,570 51,370
Endometrial 43,470 7,950
Kidney (renal cell) 53,581 11,997
Leukemia 43,050 21,840
Lung (including bronchus) 222,520 157,300
Melanoma 68,130 8,700
INon-Hodgkin lymphoma (65,540 20,210
Pancreatic 43,140 36,800
Prostate 217,730 32,050
Thyroid 44,670 1,690

The objective of this article is to introduce
the reader to general references cancers and bladder.

Literatures

Adam, L., P. C. Black, et al. (2007). "Adenoviral
mediated interferon-alpha 2b gene therapy suppresses
the pro-angiogenic effect of vascular endothelial
growth factor in superficial bladder cancer." J Urol
177(5): 1900-6.
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Intravesical adenovirus mediated interferon-
alpha gene transfer has a potent therapeutic effect
against superficial human bladder carcinoma
xenografts growing in the bladder of athymic nude
mice. Adam et al determined whether the inhibition of
angiogenesis might contribute to the antitumor effect.
Adam et al treated several human urothelial carcinoma
cells with adenovirus mediated interferon-alpha 2b
and monitored its effects on the production of
angiogenic  factors using real-time reverse-
transcription polymerase chain reaction, Western
blotting, and immunohistochemical analysis and a gel
shift based transcription factor array. To assess the
role of adenovirus mediated interferon 2b in
angiogenic activity we used in vitro invasion assays
and evaluated the anti-angiogenic effects of
adenovirus mediated interferon gene therapy in an
orthotopic murine model of human superficial bladder
cancer. In adenovirus mediated interferon-alpha
infected 253J B-V cells vascular endothelial growth
factor was decreased and anti-angiogenic interferon-
gamma inducible protein 10 was up-regulated. In
contrast, the addition of as much as 100,000 TU
recombinant interferon had no apparent effect on
vascular endothelial growth factor production.
Conditioned medium derived from adenovirus
mediated interferon 2b infected 253J B-V cells greatly
decreased the invasive potential of human endothelial
cells and down-regulated their matrix
metalloproteinase 2 expression compared to controls.
Furthermore, adenovirus mediated interferon 2b
blocked pro-angiogenic nuclear signals, such as the
transcription factors activating protein-1 and 2,
stimulating protein-1, nuclear factor kappaB and c-
myb. In vivo experiments revealed significant
vascular endothelial growth factor down-regulation
and decreased tumor vessel density in the adenovirus
mediated interferon 2b treated group compared to
controls. Treatment with adenovirus mediated
interferon 2b increases the angiostatic activity of the
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bladder cancer microenvironment. This inhibition may
prove beneficial for treating superficial bladder cancer
with adenovirus mediated interferon-alpha and
hopefully contribute to a decreased recurrence rate of
this neoplasm.

Adam, L., M. Zhong, et al. (2009). "miR-200
expression  regulates  epithelial-to-mesenchymal
transition in bladder cancer cells and reverses
resistance to epidermal growth factor receptor
therapy." Clin Cancer Res 15(16): 5060-72.

The epithelial-to-mesenchymal transition
(EMT) is a cell development-regulated process in
which noncoding RNAs act as crucial modulators.
Recent studies have implied that EMT may contribute
to resistance to epidermal growth factor receptor
(EGFR)-directed therapy. The changes in EGFR
sensitivity by silencing or forced expression of
ERRFI-1 or by miR-200 expression have also been
validated in additional cell lines, UMUCS5 and T24.

Finally, luciferase assays using 3'-untranslated
region/ERRFI-1/luciferase and miR-200
cotransfections showed that the direct down-

regulation of ERRFI-1 was miR-200-dependent
because mutations in the two putative miR-200-
binding sites have rescued the inhibitory effect.
Members of the miR-200 family appear to control the
EMT process and sensitivity to EGFR therapy in
bladder cancer cells and the expression of miR-200 is
sufficient to restore EGFR dependency at least in
some of the mesenchymal bladder cancer cells. The
targets of miR-200 include ERRFI-1, which is a novel
regulator of EGFR-independent growth.

Ahirwar, D., P. Kesarwani, et al. (2008). "Anti- and
proinflammatory cytokine gene polymorphism and
genetic predisposition: association with smoking,
tumor stage and grade, and bacillus Calmette-Guerin
immunotherapy in bladder cancer." Cancer Genet
Cytogenet 184(1): 1-8.

Cytokines mediate many immune and
inflammatory responses contributing to tumorigenesis.
The present study evaluated polymorphisms of ILA4,
IL6, and TNF (previously TNFA) genes influencing
risk in development of transitional cell carcinoma of
bladder and recurrence after bacillus Calmette-Guerin
(BCG) immunotherapy. The study included 136
unrelated histopathologically confirmed cases and 200
population-based controls. The low-producing variant
C/C of IL6 may be a risk factor for bladder cancer,
whereas  high-producing  genotypes of IL4
(B1/B2+B2/B2) may predispose to higher risk in
patients with high-grade or late-stage tumor and
smoking habits. The low-producing C/C IL6
genotype, which favors Thl response, may be a
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beneficial prognostic indicator for treatment and
survival of BCG-treated patients.

Aleman, A., V. Cebrian, et al. (2008). "Identification
of PMFI methylation in association with bladder
cancer progression." Clin Cancer Res 14(24): 8236-
43.

Polyamines are important regulators of cell
growth and death. The polyamine modulated factor-1
(PMF-1) is involved in polyamine homeostasis. After
identifying an enriched CpG island encompassing the
PMF1 promoter, we aimed at evaluating the clinical
relevance of PMF1 methylation in bladder cancer. The
association of PMF1 methylation with tumor
progression and its diagnostic ability using urinary
specimens support including PMF1 assessment for the
clinical management of bladder cancer patients.

Alonzi, R. and P. Hoskin (2005). "Novel therapies in
bladder cancer." Clin Oncol (R Coll Radiol) 17(7):
524-38.

The most effective non-surgical treatment for
bladder cancer remains radiotherapy. The dramatic
technical developments in radiotherapy have enabled
greater accuracy and reliability based on three-
dimensional imaging for both planning and
verification. Particle therapy, in particular using
protons, provides further opportunities for optimising
radiation delivery and dose escalation. Novel
fractionation schedules with both hyperfractionation
and hypofractionation may have added benefits.
Chemoradiation has been shown in one randomised-
controlled trial to improve the results of radiotherapy
alone, and requires further investigation. Hypoxia
modification using carbogen and nicotinamide has
also shown promising results in a phase II trial, and is
now in phase III evaluation. Novel drug agents for
bladder cancer are few, but the anti-EGFR agents and
anti-angiogenic agents may have promise; the
development of anti-apoptotic agents and antisense
gene therapy may also become a component of the
future multimodality management of this tumour.

Als, A. B, L. Dyrskjot, et al. (2007). "Emmprin and
survivin predict response and survival following
cisplatin-containing chemotherapy in patients with
advanced bladder cancer." Clin Cancer Res 13(15 Pt
1): 4407-14.

Cisplatin-containing chemotherapy is the
standard of care for patients with locally advanced and
metastatic transitional cell carcinoma of the
urothelium. The response rate is approximately 50%
and tumor-derived molecular prognostic markers are
desirable for improved estimation of response and
survival. Affymetrix GeneChip expression profiling
was carried out using tumor material from 30 patients.
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Emmprin and survivin proteins were identified as
strong independent prognostic factors for response and
survival after cisplatin-containing chemotherapy in
patients with advanced bladder cancer.

Atlasi, Y., S. J. Mowla, et al. (2009). "Differential
expression of survivin and its splice variants, survivin-
DeltaEx3 and survivin-2B, in bladder cancer." Cancer
Detect Prev 32(4): 308-13.

Survivin, an inhibitor of apoptosis protein
(IAP), has been regarded as a valuable tumor marker
for diagnosis and prognosis of bladder cancer. The
data revealed for the first time a differential
expression pattern of survivin splice variants in
bladder tissues, which potentially could have a
practical usefulness in diagnosis and/or therapy of the
tumor.

Baffa, R., J. Letko, et al. (2006). "Molecular genetics
of bladder cancer: targets for diagnosis and therapy." J
Exp Clin Cancer Res 25(2): 145-60.

Transitional cell carcinoma of the bladder is a
common tumor. While most patients presenting
superficial disease can be expected to do well
following treatment, still many patients will return to
our office with muscle invasive and metastatic
disease. Survival in advanced bladder cancer is less
than 50%. Tumors of similar histologic grade and
stage have variable behavior, suggesting that genetic
alterations must be present to explain the diverse
behavior of bladder cancer. It is hoped that through
the study of the subtle genetic alterations in bladder
cancer, important prognostic and therapeutic targets
can be exploited. Many new diagnostic tests and gene
therapy approaches rely on the identification and
targeting of these unique genetic alterations. A review
of literature published on the molecular genetics of
bladder cancer from 1970 to the present was
conducted. The UroVysion bladder cancer assay relies
on FISH to detect genetic alterations in this disease.
Continuing identification of the molecular genetic
alterations in bladder cancer will enhance future
diagnostic and therapeutic approaches to bladder
cancer. Capitalizing on these alterations will allow
early detection, providing important prognostic
information and unique targets for gene therapy and
other therapeutic approaches.

Beecken, W. D., T. Engl, et al. (2006). "Clinical
relevance of maspin expression in bladder cancer.”
World J Urol 24(3): 338-44.

Transitional cell carcinoma (TCC) of the
bladder is a solid tumor that induces angiogenesis to
maintain nutrition and oxygenation of tumor cells.
Maspin, a serpin with tumor suppressing activity, has
recently been identified as an inhibitor of
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angiogenesis. This study examined the impact of
maspin expression in the growth pattern of TCC of the
bladder. Maspin was identified in a panel of normal
tissues, in several bladder carcinoma cell lines, and 51
patient samples of TCC of the bladder. Expression
was detected by RT-PCR and immunohistochemistry.
Furthermore, the level of maspin was correlated to the
growth rate of bladder tumor cell lines in vitro and in
vivo. Maspin expression was found in high quantities
in normal urothelium. Maspin expression was
preserved in superficial bladder cancers but was
significantly diminished in invasive carcinomas.
Within the group of invasive TCCs, maspin
expression was inversely correlated to the patient
prognosis. Furthermore, low maspin expression level
was coupled to an increased tumor cell growth in vivo.
Down-regulation of maspin expression seems to be a
specific event in the progression of invasive bladder
carcinoma. Maspin might be a useful marker to
determine the prognosis of invasive TCC.
Furthermore, maspin re-expression might become a
therapeutic option in the treatment of invasive,
metastatic TCC.

Benedict, W. F., Z. Tao, et al. (2004). "Intravesical
Ad-IFNalpha causes marked regression of human
bladder cancer growing orthotopically in nude mice
and overcomes resistance to IFN-alpha protein." Mol
Ther 10(3): 525-32.

Benedict et al produced prolonged, high local
concentrations of interferon in vivo by intravesical
instillation of adenoviruses encoding interferon-alpha
(Ad-IFNalpha) together with the gene transfer-
enhancing agent Syn3. Benedict et al found sustained
interferon protein levels for days, both in normal
mouse urothelium and in human bladder cancer cells
growing as superficial bladder tumors in nude mice
using an orthotopic bladder model developed by us.
Tumor burden in the bladder was determined utilizing
cancer cells containing the green fluorescent protein.
Marked tumor regression was observed following two
1-h exposures of Ad-IFNalpha/Syn3 and little or no
cytotoxicity was detected in normal cells. Similar
intravesical  instillation of clinically relevant
concentrations of IFN protein alone or Ad-IFNalpha
without Syn3 was ineffective. Surprisingly, in vitro,
Ad-TFNalpha also caused caspase-dependent death of
bladder cancer cell lines that were resistant to high
concentrations of IFN-alpha protein, including the cell
line used in vivo. These findings demonstrate that Ad-
[FNalpha can overcome resistance to IFN-alpha
protein both in vitro and in vivo and support
evaluation of intravesical Ad-IFNalpha/Syn3 for the
treatment of superficial bladder cancer.
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Bevers, R. F., K. H. Kurth, et al. (2004). "Role of
urothelial cells in BCG immunotherapy for superficial
bladder cancer." Br J Cancer 91(4): 607-12.
Intravesical instillation of Bacillus Calmette-
Guerin (BCG) is used for the treatment of superficial
bladder cancer, both to reduce the recurrence rate of
bladder tumour and to diminish the risk of
progression. Since its first therapeutic application in
1976, major research efforts have been directed to
decipher the exact mechanism of action of the BCG-
associated antitumour effect. Bacillus Calmette-
Guerin causes an extensive local inflammatory
reaction in the bladder wall. Of this, the massive
appearance of cytokines in the urine of BCG-treated
patients stands out. Activated lymphocytes and
macrophages are the most likely sources of these
cytokines, but at present other cellular sources such as
urothelial tumour cells cannot be ruled out. Bacillus
Calmette-Guerin is internalised and processed both by
professional antigen-presenting cells and urothelial
tumour cells, resulting in an altered gene expression of
these cells that accumulates in the presentation of
BCG antigens and secretion of particular cytokines.

Blaveri, E., J. L. Brewer, et al. (2005). "Bladder
cancer stage and outcome by array-based comparative
genomic hybridization." Clin Cancer Res 11(19 Pt 1):
7012-22.

Bladder carcinogenesis is believed to follow
alternative pathways of disease progression driven by
an accumulation of genetic alterations. The purpose of
this study was to evaluate associations between
measures of genomic instability and bladder cancer
clinical phenotype. Genome-wide copy number
profiles were obtained for 98 bladder tumors of
diverse stages (29 pT(a), 14 pTl, 55 pT(2-4)) and
grades (21 low-grade and 8 high-grade superficial
tumors) by array-based comparative genomic
hybridization (CGH). Supervised tumor classification
(prediction analysis for microarrays) had a 71%
classification success rate based on 102 unique clones.
Array-based CGH identified quantitative and
qualitative differences in DNA copy number
alterations at high resolution according to tumor stage
and grade. Fraction genome altered was associated
with worse outcome in muscle-invasive tumors,
independent of other clinicopathologic parameters.
Measures of genomic instability add independent
power to outcome prediction of bladder tumors.

Blehm, K. N., P. E. Spiess, et al. (2006). "Mutations
within the kinase domain and truncations of the
epidermal growth factor receptor are rare events in
bladder cancer: implications for therapy." Clin Cancer
Res 12(15): 4671-7.

http://www.cancerbio.net

90

It has previously been reported that the
patient response to gefitinib depends on the presence
of mutations within the kinase domain of epidermal
growth factor receptor (EGFR) or the expression of its
truncated form, EGFR variant III (EGFRvIII). The
focus of this study was to determine if these
alterations are present within the tyrosine kinase and
ligand-binding domain of EGFR in urothelial
carcinoma. The analysis failed to detect mutations
within the tyrosine kinase domain of EGFR in the 11
cell lines and 75 patients tested. The initial analysis of
EGFRVIII expression by immunohistochemistry
revealed that at least 50% of the patient tumors
expressed EGFRVIII in a urothelial carcinoma tissue
microarray. Conflicting reports exist, however,
regarding the extent of EGFRVIII expression in tissues
owing to the specificity of the antibodies and the
methodologies used. Therefore, we sought to validate
this observation by reverse transcription PCR, real-
time PCR, and Western blot analysis. In these assays,
none of the samples were positive for EGFRVIII
except for control transfectants and glioblastomas.
When the results are taken together, we conclude that
alterations within the tyrosine kinase domain and
expression of EGFRVIII are rare events in bladder
cancer. The present study has clinical implications in
selecting tyrosine kinase inhibitors for the therapy of
urothelial carcinoma.

Boorjian, S., D. S. Scherr, et al. (2005). "Retinoid
receptor mRNA expression profiles in human bladder
cancer specimens." Int J Oncol 26(4): 1041-8.
Retinoids, which include vitamin A (retinol)
and its derivatives, have previously been investigated
as potential chemopreventive and chemotherapeutic
agents in bladder cancer. We examined mRNA
expression of the retinoid receptors RARalpha,
RARbeta2, RARgamma and RXRalpha, as well as
two putative RARbeta2 target genes, DAB2 and
Midkine, in normal and malignant bladder tissue
specimens from human patients. We evaluated 24
normal and malignant bladder specimens for retinoid
receptor, DAB2 and Midkine mRNA expression using
RT-PCR. We also examined the effects of retinoic
acid and retinol on the expression of these genes in
five human bladder cancer cell lines. Expression of
RARalpha, RARbeta2, RARgamma and RXRalpha
mRNA was detected in all of the non-neoplastic

patient bladder specimens. RARbeta2 mRNA
expression was undetectable in 7/13 tumors,
RARalpha in 3/13, RARgamma in 1/13 and

RXRalpha in 2/13. DAB2 mRNA was expressed in all
non-neoplastic and all tumor specimens, while
Midkine mRNA was detected in 8/11 non-neoplastic
specimens versus 11/13 tumors. Two of the five
bladder cancer cell lines expressed RARbeta2
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independent of retinoid exposure; in three cell lines
RARbeta2 expression was induced by retinoids.
RARalpha, RARgamma and RXRalpha mRNA
expression was detected in 5/5 cell lines, independent
of retinoid exposure.

Buckley, M. T., J. Yoon, et al. (2007). "The histone
deacetylase inhibitor belinostat (PXD101) suppresses
bladder cancer cell growth in vitro and in vivo." J
Transl Med 5: 49.

Treatment options for patients with recurrent
superficial bladder cancer are limited, necessitating
aggressive exploration of new treatment strategies that
effectively prevent recurrence and progression to
invasive disease. Growth inhibition and cell cycle
distribution effect of belinostat on 5637, T24, J82, and
RT4 urothelial lines were assessed. Ha-ras transgenic
mice with established superficial bladder cancer were
randomized to receive either belinostat or vehicle
alone, and assessed for bladder weight, hematuria,
gene expression profiling, and immunohistochemistry
(IHC). Belinostat had a significant linear dose-
dependent growth inhibition on all cell lines (IC50
range of 1.0-10.0 microM). The 5637 cell line, which
was derived from a superficial papillary tumor, was
the most sensitive to treatment. Belinostat (100 mg/kg,
intraperitoneal, 5 days each week for 3 weeks) treated
mice had less bladder weight (p < 0.05), and no
hematuria compared with 6/10 control mice that
developed at least one episode. IHC of bladder tumors
showed less cell proliferation and a higher expression
of p2IWAFI in the belinostat-treated mice. Gene
expression profile analysis revealed 56 genes
significantly different in the treated group; these
included the upregulation of p21WAF1, induction of
core histone deacetylase (HDAC), and cell
communication genes. The data demonstrate that
belinostat inhibits bladder cancer and supports the
clinical evaluation of belinostat for the treatment of
patients with superficial bladder cancer.

Buytaert, E., J. Y. Matroule, et al. (2008). "Molecular
effectors and modulators of hypericin-mediated cell
death in bladder cancer cells." Oncogene 27(13):
1916-29.

Photodynamic therapy (PDT) is an anticancer
approach utilizing a light-absorbing molecule and
visible light irradiation to generate, in the presence of
0O(2), cytotoxic reactive oxygen species, which cause
tumor ablation. Given that the photosensitizer
hypericin is under consideration for PDT treatment of
bladder cancer we used oligonucleotide microarrays in
the T24 bladder cancer cell line to identify
differentially expressed genes with therapeutic
potential. This study reveals that the expression of
several genes involved in various metabolic processes,
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stress-induced cell death, autophagy, proliferation,
inflammation and carcinogenesis is strongly affected
by PDT and pinpoints the coordinated induction of a
cluster of genes involved in the unfolded protein
response pathway after endoplasmic reticulum stress
and in antioxidant response. Analysis of PDT-treated
cells after p38(MAPK) inhibition or silencing
unraveled that the induction of an important subset of
differentially expressed genes regulating growth and
invasion, as well as adaptive mechanisms against
oxidative stress, is governed by this stress-activated
kinase. Moreover, p38(MAPK) inhibition blocked
autonomous regrowth and migration of cancer cells
escaping PDT-induced cell death. This analysis
identifies new molecular effectors of the cancer cell
response to PDT opening attractive avenues to
improve the therapeutic efficacy of hypericin-based
PDT of bladder cancer.

Catto, J. W., S. Miah, et al. (2009). "Distinct
microRNA alterations characterize high- and low-
grade bladder cancer." Cancer Res 69(21): 8472-81.
Urothelial carcinoma of the bladder (UCC) is
a common disease that arises by at least two different
molecular pathways. The biology of UCC is
incompletely understood, making the management of
this disease difficult. Recent evidence implicates a
regulatory role for microRNA in cancer. Catto et al
hypothesized that altered microRNA expression
contributes to UCC carcinogenesis. To test this
hypothesis, we examined the expression of 322
microRNAs and their processing machinery in 78
normal and malignant urothelial samples using real-
time rtPCR. Genes targeted by differentially expressed
microRNA  were investigated using real-time
quantification and microRNA knockdown. We also
examined the role of aberrant DNA hypermethylation
in microRNA downregulation. We found that altered
microRNA expression is common in UCC and occurs
early in tumorogenesis. In normal urothelium from
patients with UCC, 11% of microRNAs had altered
expression when compared with disease-free controls.
High-grade UCC were characterized by microRNA
upregulation, including microRNA-21 that suppresses
pS3 function. In low-grade UCC, there was
downregulation of many microRNA molecules. In
particular, loss of microRNAs-99a/100 leads to
upregulation of FGFR3 before its mutation. Promoter
hypermethylation is partly responsible for microRNA
downregulation. In conclusion, distinct microRNA
alterations characterize UCC and target genes in a
pathway-specific manner. These data reveal new
insights into the disease biology and have implications
regarding tumor diagnosis, prognosis and therapy.
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Cebrian, V., M. Alvarez, et al. (2008). "Discovery of
myopodin methylation in bladder cancer." J Pathol
216(1): 111-9.

Myopodin is an actin-binding protein that
shuttles between the nucleus and the cytoplasm. After
identifying an enriched CpG island encompassing the
transcription site of myopodin, we aimed at evaluating
the potential relevance of myopodin methylation in
bladder cancer. The epigenetic silencing of myopodin
by hypermethylation was tested in bladder cancer cells
before and after azacytidine treatment. Myopodin
hypermethylation was associated with  gene
expression, being increased in vitro by this
demethylating agent. Myopodin methylation in 164
urinary specimens distinguished patients with bladder
cancer from controls with a sensitivity of 65.0%, a
specificity of 79.8%, and a global accuracy of 75.3%.
Myopodin was identified to be epigenetically
modified in bladder cancer. The association of
myopodin methylation and nuclear expression patterns
with cancer progression and clinical outcome, together
with its ability to detect bladder cancer patients using
urinary  specimens, suggests the utility of
incorporating myopodin methylation assessment in the
clinical management of patients affected by
uroepithelial neoplasias.

Chadalapaka, G., 1. Jutooru, et al. (2008). "Curcumin
decreases specificity protein expression in bladder
cancer cells." Cancer Res 68(13): 5345-54.

Curcumin is the active component of tumeric,
and this polyphenolic compound has been extensively
investigated as an anticancer drug that modulates
multiple pathways and genes. In this study, 10 to 25
micromol/L curcumin inhibited 253JB-V and KU7
bladder cancer cell growth, and this was accompanied
by induction of apoptosis and decreased expression of
the proapoptotic protein survivin and the angiogenic
proteins vascular endothelial growth factor (VEGF)
and VEGF receptor 1 (VEGFR1). Because expression
of survivin, VEGF, and VEGFRI are dependent on
specificity protein (Sp) transcription factors, we also
investigated the effects of curcumin on Sp protein
expression as an underlying mechanism for the
apoptotic and antiangiogenic activity of this
compound. The results show that curcumin induced
proteasome-dependent down-regulation of Spl, Sp3,
and Sp4 in 253JB-V and KU7 cells. Moreover, using
RNA interference with small inhibitory RNAs for
Spl, Sp3, and Sp4, we observed that curcumin-
dependent inhibition of nuclear factor kappaB (NF-
kappaB)-dependent genes, such as bcl-2, survivin, and
cyclin D1, was also due, in part, to loss of Sp proteins.
Curcumin also decreased bladder tumor growth in
athymic nude mice bearing KU7 cells as xenografts
and this was accompanied by decreased Sp1, Sp3, and
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Sp4 protein levels in tumors. These results show for
the first time that one of the underlying mechanisms
of action of curcumin as a cancer chemotherapeutic
agent is due, in part, to decreased expression of Sp
transcription factors in bladder cancer cells.

Chakraborty, A. and S. Guha (2007). "Granulocyte
colony-stimulating factor/granulocyte colony-
stimulating factor receptor biological axis promotes
survival and growth of bladder cancer cells." Urology
69(6): 1210-5.

A significant fraction of invasive bladder
carcinomas express both granulocyte colony-
stimulating factor (G-CSF) and granulocyte colony-
stimulating factor receptor (G-CSFR). Anti-G-CSF
antibody significantly increased apoptosis in serum-
starved 5637-GR cells, G-CSF abrogated apoptosis in
serum-starved TCC-SUP-GR cells in a dose-
dependent manner. STAT3-dominant-negative
expression  blocked  G-CSF-mediated  STAT3
phosphorylation and survivin expression in TCC-
SUP-GR cells. Furthermore, 5637-GR cells produced
a significantly larger tumor in the subcutaneous nude
mice xenograft model. The G-CSF/G-CSFR
autocrine/paracrine  signaling loop  significantly
promotes survival and growth of bladder cancer cells.

Chan, M. W., L. W. Chan, et al. (2003). "Frequent
hypermethylation of promoter region of RASSFIA in
tumor tissues and voided urine of urinary bladder
cancer patients." Int J Cancer 104(5): 611-6.

High frequency loss of 3p21.3 region where
RASSF1A located was demonstrated in several
tumors. We aimed to investigate the methylation
status of RASSF1A and the frequency of LOH in
3p21.3 region in bladder cancer. Three bladder cancer
cell lines, 40 cases of bladder TCC and 14 cases of
paired voided urine samples were subjected to
methylation analysis. By methylation specific PCR,
complete methylation of promoter region of
RASSFIA gene were detected in cell lines T24 and
UMUC3. Demethylation treatment re-expressed
RASSF1A in these 2 cell lines. Methylation of
RASSF1A was also detected in 47.5% (19/40) of the
TCC cases but not in 6 carcinoma in situ (CIS) or 6
normal urothelium samples. For LOH study, loss of
3p21.3 region was detected in 57.9% (11/19) of our
cases. Interestingly, methylation of RASSFIA was
found in 72.7% (8/11) of the cases with LOH but only
in 12.5% (1/8) of the cases without LOH. Methylation
of RASSFIA was detected in 50% (7/14) of voided
urine samples, but not in normal control. It showed a
higher sensitivity than conventional urine cytology in
detecting cancer cells, especially for low grade cases.
In conclusion, our results demonstrated a high
frequency of RASSFIA methylation with frequent
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LOH in 3p21.3 region in bladder cancer. It suggested
that it may be a potential tumor suppressor gene in this
chromosomal region and can be silenced by promoter
hypermethylation. Detection of aberrant gene
methylation in routine voided urine was feasible and
may provide a non-invasive and sensitive approach for
cancer detection.

Chen, Z., R. F. Place, et al. (2008). "Antitumor effect
of dsRNA-induced p21(WAF1/CIP1) gene activation
in human bladder cancer cells." Mol Cancer Ther 7(3):
698-703.

We recently reported that synthetic dsRNAs
targeting promoter regions can induce gene expression
in a phenomenon referred to as dsRNA-induced gene
activation/RNA activation (RNAa) [Li et al. Proc Natl
Acad Sci U S A 2006;103:17337-42]. The present
study investigates the in vitro antitumor activity
RNAa can elicit through triggering the expression of
cell cycle repressor protein p21(WAF1/CIP1) (p21) in
human bladder cancer cells. Transfection of a 21-
nucleotide dsRNA targeting the p21 promoter (dsP21)
was used to induce p21 expression in T24 and J82
bladder cancer cell lines. Reverse transcription-PCR
and Western blot analysis accessed the increase p21
mRNA and protein levels, respectively, in transfected
cells. In association to p2l induction, dsP21
transfection significantly inhibited bladder cancer cell
proliferation and clonogenicity.

Chen, Z., J. Yang, et al. (2007). "Attenuated
expression of xeroderma pigmentosum group C is
associated with critical events in human bladder
cancer carcinogenesis and progression." Cancer Res
67(10): 4578-85.

Xeroderma pigmentosum group C (XPC) is
an important DNA damage recognition protein that
binds to damaged DNA at a very early stage during
DNA repair. The XPC protein is also involved in
DNA damage-induced cell cycle checkpoint
regulation and apoptosis. XPC defects are associated
with many types of solid tumors. The mechanism of
the XPC protein in cancer progression, however,
remains unclear. In this report, we showed the strong
correlation between bladder cancer progression and
attenuated XPC protein expression using tissues
derived from patients with bladder cancer. The results
obtained from our immunohistochemical studies
further revealed a strong correlation of XPC
deficiency, p53 mutation, and the degree of
malignancy of bladder tumors. In addition, the results
obtained from our studies have also shown that
HT1197 bladder cancer cells, which carry a low-level
XPC protein, exhibited a decreased DNA repair
capability and were resistant to cisplatin treatment.
When an XPC gene cDNA-expression vector was
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stably transfected into the HT1197 cells, however, the
cisplatin treatment-induced apoptotic cell death was
increased. Increased p53 and p73 responses following
cisplatin treatment were also observed in HT1197
cells stably transfected with XPC cDNA. Taken
together, these results suggest that XPC deficiency is
an important contributing factor in bladder tumor
progression and bladder cancer cell drug resistance.

Cheng, J. C., D. J. Weisenberger, et al. (2004).
"Continuous zebularine treatment effectively sustains
demethylation in human bladder cancer cells." Mol
Cell Biol 24(3): 1270-8.

During tumorigenesis, tumor suppressor and
cancer-related genes are commonly silenced by
aberrant DNA methylation in their promoter regions.
Recently, we reported that zebularine [1-(beta-D-
ribofuranosyl)-1,2-dihydropyrimidin-2-one] acts as an
inhibitor of DNA methylation and exhibits chemical
stability and minimal cytotoxicity both in vitro and in
vivo. Here we show that continuous application of
zebularine to T24 cells induces and maintains pl6
gene expression and sustains demethylation of the 5'
region for over 40 days, preventing remethylation. In
addition, continuous zebularine treatment effectively
and globally demethylated various hypermethylated
regions, especially CpG-poor regions. The drug
caused a complete depletion of extractable DNA
methyltransferase 1 (DNMT1) and partial depletion of
DNMT3a and DNMT3b3. Last, sequential treatment
with 5-aza-2'-deoxycytidine followed by zebularine
hindered the remethylation of the pl6 5' region and
gene resilencing, suggesting the possible combination
use of both drugs as a potential anticancer regimen.

Chester, J. D., W. Kennedy, et al. (2003).
"Adenovirus-mediated gene therapy for bladder
cancer: efficient gene delivery to normal and
malignant human urothelial cells in vitro and ex vivo."
Gene Ther 10(2): 172-9.

Existing local therapies for superficial
transitional cell carcinoma (TCC) of the bladder have
limited success in preventing progression to life-
threatening, muscle-invasive disease, and novel
therapies are needed. Recent studies have raised
doubts concerning the feasibility of adenovirus-
mediated gene therapy for bladder cancer. We have
therefore investigated adenoviral transduction of
normal and malignant human urothelial cells, both as
primary cultures and in intact epithelium. All 15
primary normal human urothelial cell lines tested were
transduced in vitro by Adv-cmv-beta-gal at high
efficiency, and better than most human TCC cell lines.
Eight primary human TCC explants were also
successfully transduced. In contrast, in intact normal
urothelium, transduction efficiency was lower, and
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occurred only in superficial epithelial layers.
Expression of the hCAR adenovirus receptor,
however, occurred throughout the full thickness of
urothelium. Transduction of human TCC biopsy
specimens was at least as efficient as intact normal
urothelium.We demonstrate for the first time that
adenoviral transduction of both normal and malignant
human urothelial cells is feasible. A physical barrier,
rather than hCAR status, may be the main determinant
of transduction of intact epithelium. Clinical trials of
adenovirus-mediated gene therapy for superficial
bladder cancer are warranted.

Cho, H. J,, J. K. Kim, et al. (2006). "Upregulation of
Bcl-2 is associated with cisplatin-resistance via
inhibition of Bax translocation in human bladder
cancer cells." Cancer Lett 237(1): 56-66.

The efficacy of cisplatin in cancer
chemotherapy is limited by the development of
resistance. To elucidate the molecular basis of
resistance to cisplatin, we compared cisplatin-induced
apoptotic responses of the parental human bladder
cancer cell line, T24 and its resistant subclone,
T24R2. In T24 cells, cisplatin induce apoptosis and
the activation of caspase-8, -9 and -3 and poly(ADP-
ribose) polymerase cleavage. The expression levels of
Fas, FasL, and FADD were not changed by the
treatment with cisplatin. Furthermore, neither Fas-
neutralizing antibody nor dominant negative mutant of
FADD affected cisplatin-induced apoptosis. Western
blot analysis of subcellular fractions showed that
cisplatin  induced redistribution of Bax and
cytochrome c. Thus, cisplatin causes apoptosis in a
death  receptor-independent and  mitochondria-
dependent fashion in T24 cells. In contrast,
overexpressed Bcl-2 protein inhibited cisplatin-
induced Bax translocation and its downstream events
in T24R2. Downregulation of Bcl-2 by RNAi
potentiated the redistribution of Bax and cytochrome ¢
and reversed cisplatin-resistance. Our results indicate
that upregulation of Bcl-2 contributes to the
development of cisplatin-resistance and usage of
siRNA which targets the Bcl-2 gene may offer a
potential tool to reverse the resistance to cisplatin in
bladder cancer.

Davies, B. R. (2003). "Gene products involved in
metastasis of bladder cancer." Histol Histopathol
18(3): 969-80.

Metastasis is usually responsible for
mortality in patients suffering from muscle invasive
bladder cancer. Whilst expression of a great number
of genes and their protein products have been
associated with metastasis and/or poor prognosis in
bladder cancer, evidence that they actively drive the
metastatic process, and hence make potentially good
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therapeutic targets, is often lacking. This is due to the
limited number and application of effective animal
models which reflect the pathogenesis of the human
disease. In this review I will discuss the processes
involved in metastasis, consider the established animal
models of bladder cancer progression and metastasis,
and review the evidence for a role of various gene
products in this process. Consideration of clinical
studies in conjunction with evidence from
experimental animal models reveals that the tyrosine
kinase receptor erbB1/EGFR, the calcium binding
protein S100A4 and the the cell cycle arrest/apoptosis-
inducing p53 protein are amongst the most promising
targets for therapy against metastatic disease in
patients with bladder cancer.

Ding, Y., G. Wang, et al. (2006). "Significance of Id-1
up-regulation and its association with EGFR in
bladder cancer cell invasion." Int J Oncol 28(4): 847-
54.

Epidermal growth factor receptor (EGFR) is
suggested to be one of the positive factors in the
invasive progression of bladder cancer. Id-1 (inhibitor
of differentiation or DNA binding), a helix-loop-helix
(HLH) transcription factor, was recently identified as
a key factor in the EGFR signalling pathway. The aim
of this study was to investigate the role of Id-1 in
bladder cancer progression and its relation-ship with
EGFR. Using clinical specimens from different stages
of bladder cancer, immunohistochemical staining was
performed to determine if Id-1 expression was
positively associated with tumour staging and EGFR
expression. The direct role of Id-1 in cancer cell
invasion was also investigated through ectopically
expressing the Id-1 gene in a RT112 bladder cancer
cell line by wound closure and collagen invasion
assays. To explore the therapeutic potential of
targeting the Id-1 gene in the treatment of invasive
bladder cancer, we studied if inactivation of the Id-1
gene through small RNA interference could lead to the
suppression of invasion in a MGHUI1 bladder cancer
cell line. The results showed that the up-regulation of
Id-1 was associated with increased EGFR expression,
clinical staging and the invasion ability of bladder
cancer cells. Inactivation of Id-1 may be a potential
therapeutic target to inhibit the invasion by bladder
cancer cells.

Dozmorov, M. G., K. D. Kyker, et al. (2006).
"Analysis of the interaction of extracellular matrix and
phenotype of bladder cancer cells." BMC Cancer 6:
12.

The extracellular matrix has a major effect
upon the malignant properties of bladder cancer cells
both in vitro in 3-dimensional culture and in vivo.
Comparing gene expression of several bladder cancer
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cells lines grown under permissive and suppressive
conditions in 3-dimensional growth on cancer-derived
and normal-derived basement membrane gels
respectively and on plastic in conventional tissue
culture provides a model system for investigating the
interaction of malignancy and extracellular matrix.
Understanding how the extracellular matrix affects the
phenotype of bladder cancer cells may provide
important clues to identify new markers or targets for
therapy. Five bladder cancer cell lines and one
immortalized, but non-tumorigenic, urothelial line
were grown on Matrigel, a cancer-derived ECM, on
SISgel, a normal-derived ECM, and on plastic, where
the only ECM is derived from the cells themselves.
The transcriptomes were analyzed on an array of 1186
well-annotated cancer derived cDNAs containing
most of the major pathways for malignancy.
Hypervariable genes expressing more variability
across cell lines than a set expressing technical
variability were analyzed further. Unique underlying
regulatory networks were driving gene expression and
could be identified by the approach outlined here.

Duggan, B. J., J. J. McKnight, et al. (2003). "The need
to embrace molecular profiling of tumor cells in
prostate and bladder cancer." Clin Cancer Res 9(4):
1240-7.

Current treatment strategies for urological
cancer are still based on empirical formulae as
opposed to treatment tailored for each cancer patient.
To individualize treatment, the multiple molecular
abnormalities within tumor cell populations needs to
be mapped out. The aim of this article is to explain
molecular profiling (MP) and its associated techniques
so that the process is not purely seen as a research tool
but as a future adjunctive measure in patient diagnosis
and treatment. A Medline search of publications
relating to MP of prostate and bladder cancer was
carried out. A review article was written combining
the relevant published literature along with the clinical
and scientific experience of both centers. The advent
of MP now provides a strategy by which these
molecular abnormalities can be assessed. As well as
being of diagnostic and prognostic use, these
molecular profiles will identify putative molecular
abnormalities within tumor cells that may be
appropriate for therapeutic modulation. In prostate and
bladder cancer, mapping out the molecular
abnormalities could be translated into a valuable tool
to help solve difficult issues regarding patient
management decisions.

Dyrskjot, L. (2003). "Classification of bladder cancer
by microarray expression profiling: towards a general
clinical use of microarrays in cancer diagnostics.”
Expert Rev Mol Diagn 3(5): 635-47.
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At present there are no clinically useful
markers available for identifying bladder cancer
patients with a high risk of disease recurrence or
progression. Thus, identification and tailor-suited
treatment, for example radical cystectomy and
adjuvant therapy, of patients with a poor prognosis is
not possible using current methods. The completion of
the Human Genome Project and the simultaneous
advances in microarray technology have paved the
way for performing systematic, full genome screens
for prognostic and diagnostic molecular cancer
markers. Furthermore, utilization of microarray
technology for identifying clinically relevant
subclasses of cancer patients and for discovering new
potential drug targets seems promising. This article
summarizes some of the clinical aspects of bladder
cancer and reviews the potential of using tumor
expression profiling for the identification of new
molecular cancer markers and drug targets, and for
generating disease classifiers and outcome predictors
using several key gene markers.

Ellinger, J., N. El Kassem, et al. (2008).
"Hypermethylation of cell-free serum DNA indicates
worse outcome in patients with bladder cancer." J
Urol 179(1): 346-52.

CpG island hypermethylation is a frequent
event in bladder carcinogenesis and progression. We
investigated the diagnostic and prognostic value of
hypermethylation in cell-free serum DNA of patients
with bladder cancer. The study cohort consisted of 45
patients with bladder cancer undergoing cystectomy
and 45 with histologically confirmed benign prostatic
hyperplasia serving as controls. Bladder cancer
specific mortality was significantly increased in
patients with APC hypermethylation. The detection of
hypermethylation in cell-free serum DNA provides
valuable diagnostic and prognostic information that
can still be improved by combining the results of 3
gene sites (APC, GSTP1 and TIG1). The presence of
hypermethylated DNA in the serum of patients with
bladder cancer is associated with a worse outcome.
The results suggest that measuring hypermethylation
in the serum of patients with bladder cancer is a useful
biomarker.

Eltze, E., P. J. Wild, et al. (2009). "Expression of the
endothelin axis in noninvasive and superficially
invasive bladder cancer: relation to clinicopathologic
and molecular prognostic parameters." Eur Urol 56(5):
837-45.

The endothelin (ET) axis plays a role in
cancer biology and plays a potential role as a target for
molecular therapy in urogenital tumours. Alterations
of several proteins of the ET axis were detected in
invasive bladder cancer. To examine the potential role
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of the expression of ET axis proteins compared to
other prognostic parameters (kinase inhibitor 67 [Ki-
67], tumour protein 53 [TP53], and fibroblast growth
factor receptor 3 gene [FGFR3] mutations) in
noninvasive and invasive bladder cancer. DESIGN,

SETTING, AND PARTICIPANTS: Tissue
microarrays from 154 consecutive patients with pTa-
pT2 urothelial bladder cancer were

immunohistochemically stained for endothelin 1 (ET-
1), endothelin A and B receptors (ET(A)R, ET(B)R),
TP53, and Ki-67. FGFR3 mutations were detected by
SNaPshot analysis.

El-Zawahry, A., P. Lu, et al. (2006). "In vitro efficacy
of AdTRAIL gene therapy of bladder cancer is
enhanced by trichostatin A-mediated restoration of
CAR expression and downregulation of cFLIP and
Bcl-XL." Cancer Gene Ther 13(3): 281-9.

Current therapies for bladder cancer are
suboptimal and adenoviral gene therapy has been
explored as an alternative treatment. In this study, we
evaluated the in vitro efficacy of an adenovirus
expressing TNF-related apoptosis-inducing ligand
(AdTRAIL). At low concentrations of virus, T24 cells
were more resistant to AdTRAIL-induced apoptosis
than 5637 bladder carcinoma cells. Resistance in T24
cells correlated with poor infectivity and lack of
surface expression of coxsackie and adenovirus
receptor (CAR). Pretreatment with low concentrations
of the histone deacetylase inhibitor trichostatin A,
restored CAR expression in T24 cells, which
facilitated viral infection and resulted in apoptosis at
low concentrations of AdTRAIL. In addition,
trichostatin A reduced the expression of Bcl-X(L) and
cFLIP resulting in increased sensitivity to recombinant
TRAIL. Overexpression of cFLIP inhibited TRAIL-
mediated killing in trichostatin A pretreated cells,
indicating that downregulation of this antiapoptotic
protein is required for sensitization. Therefore,
trichostatin A can enhance the efficacy of AdTRAIL
by restoring CAR expression and by generating a
more pro-apoptotic phenotype that would facilitate
bystander activity of TRAIL. Combination of histone
deacetylase inhibitors with intravesical AdTRAIL
gene therapy may be a novel treatment strategy for
bladder cancer.

Fauconnet, S., S. Bernardini, et al. (2009).
"Expression analysis of VEGF-A and VEGF-B:
relationship with clinicopathological parameters in
bladder cancer." Oncol Rep 21(6): 1495-504.

The present investigation was conducted first
to determine whether correlation exists between
VEGF-A and -B mRNA levels and clinicopathological
parameters and to assess their prognostic value in
bladder cancer, then to clarify the expression level and
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biological significance of VEGF-A isoforms. Total
RNA was isolated from 37 specimens of bladder
cancer. Northern blot analysis revealed that VEGF-B
mRNA was not expressed either in normal urothelium
or in bladder cancer and detected three VEGF-A
transcripts of 5.2, 4.5 and 1.7 kb in length,
respectively. The VEGF-A transcript levels were
greater in cancer tissues than in normal urothelium.
There was only a significant correlation between the
increased expression level of VEGF121 and 165 and
the histological grade of the lesion (p<0.05). To
conclude, VEGF-A mRNA level is a potential
prognostic indicator of progression in bladder cancer
as well as the expression level of the different VEGF-
A splice variants.

Fechner, G., F. G. Perabo, et al. (2003). "Preclinical
evaluation of a radiosensitizing effect of gemcitabine
in p53 mutant and p53 wild type bladder cancer cells."
Urology 61(2): 468-73.

Despite clinical use, the radiosensitizing
effect of gemcitabine (2'2'-difluorodeoxycytidine) in
human transitional cell carcinoma (TCC) has not been
shown to date. Gemcitabine alone had a dose-
dependent cytotoxic and apoptosis inducing effect on
all TCC cell lines independent of p53 status. Assays
combining radiation with gemcitabine in different
dose and time schedules demonstrated no
radiosensitizing effect in TCC cells. Gemcitabine is
effective in TCC cell lines independent of p53 status.
A radiosensitizing effect could not be demonstrated.
Again, p53 status was not predictive of the
radioresponse in the bladder cancer cell lines. Clinical
studies with gemcitabine and radiotherapy might
nevertheless yield different results but should be
performed with utmost caution.

Flaig, T. W., L. J. Su, et al. (2009). "Dual epidermal
growth factor receptor and vascular endothelial
growth factor receptor inhibition with vandetanib
sensitizes bladder cancer cells to cisplatin in a dose-
and sequence-dependent manner." BJU Int 103(12):
1729-37.

To investigate the activity of the combination
of vandetanib and cytotoxic agents using in vitro
models of bladder cancer, as modern chemotherapy
regimens are built around cisplatin, with gemcitabine
or a taxane such as docetaxel also commonly added in
combination for the treatment of advanced bladder
cancer. Human bladder cancer cells HTB3, HT1376,
J82, RT4, CRL1749, T24, SUP and HTB9 were
cultured. The activity of gefitinib (ZD1839) and
vandetanib (ZD6474) was assessed in these eight
bladder cancer cell lines with a tetrazolium-based
assay of cell viability. RT4 bladder cancer cells,
determined to have moderate cisplatin resistance and
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also moderate sensitivity to vandetanib, were treated
with vandetanib and cisplatin. RT4 and T24 cells were
treated with six different regimens. The apoptosis and
cell-cycle analysis were studied by flow cytometry.
Expression of p21 and p27 was detected by Western
blotting. Fluorescence in situ hybridization (FISH)
analysis of epidermal growth factor receptor (EGFR)
and human epidermal growth factor receptor 2 was
performed for all cell lines. At equal concentrations,
vandetanib was a more potent inhibitor of cell
viability, compared to gefitinib. At vandetanib
concentrations of <or=2 microM, the combination
with cisplatin was synergistic, especially in the
treatment sequence of cisplatin followed by
vandetanib, and additive with vandetanib followed by
cisplatin. An analysis of the cell-cycle distribution
showed that vandetanib treatment induced G1 arrest at
high concentrations, but not at lower concentrations.
High-concentration treatment was associated with
increased levels of the cyclin-dependent kinase p27.
FISH analysis showed that there was a low level of
genomic gain, and no gene amplification. Vandetanib
has synergistic activity when given at low
concentration with cytotoxic chemotherapy. The
addition of  vandetanib to  cisplatin-based
chemotherapy regimens merits further study.

Franekova, M., E. Halasova, et al. (2008). "Gene
polymorphisms in bladder cancer." Urol Oncol 26(1):
1-8.

In Europe, cancer of the bladder is the fourth
most common cancer among men, accounting for 7%
of total cancers. In the USA, bladder cancer is the fifth
most common cancer in men and seventh in women.
This disease is three times more common in men than
in women. Several risk factors, such as cigarette
smoking and occupational chemical exposure,
contribute to bladder cancer development. The
balance between activation and detoxification of
carcinogens affects the amount of DNA damage that
accumulates in cells. The entire process leading to
DNA damage and subsequent repair of the damage
involves a host of enzymes, many of which are
polymorphic. Polymorphisms in metabolic enzyme
genes and repair genes may cause alterations in
protein product functions that can finally lead to
genomic instability and carcinogenesis. In this article,
we review the polymorphisms in a number of genes
that have been found to be the modulators of bladder
cancer risk. Improved understanding of the molecular
biology of urothelial malignancies is helping to more
clearly define the role of new prognostic indices and
multidisciplinary treatment for this disease.

Freund, C. T., X. W. Tong, et al. (2003).
"Combination of adenovirus-mediated thymidine
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kinase gene therapy with cytotoxic chemotherapy in
bladder cancer in vitro." Urol Oncol 21(3): 197-205.

Freund et al evaluated efficacy, toxicity and
potential synergism of adenoviral-mediated thymidine
kinase (tk)- ganciclovir (GCV) gene therapy in
combination with 4 cytotoxic chemotherapeutic agents
(doxorubicin,  cisplatin, mitomycin C, and
methotrexate) in 3 human bladder cancer cell lines.
Cell lines were exposed to (1) 10 different
concentrations of adenovirus expressing tk plus GCV;
(2) 8 different concentrations of either doxorubicin,
methotrexate, mitomycin C or cisplatin; or (3)
combination treatment consisting of either low-,
medium- or high-dose tk-GCV gene therapy plus 8
different concentrations of a single chemotherapeutic
agent. Cell survival was determined using a MTT-
based cell proliferation-assay. For most combinations,
adding chemotherapy to tk-GCV gene therapy did not
result in any therapeutic benefit. In some scenarios,
we observed modest improvement with combinations
of high-dose tk-GCV gene therapy and high-dose
standard chemotherapy over tk-GCV monotherapy.
Low concentrations of methotrexate enhanced the
antitumor effects of low- and medium-dose tk-GCV
gene therapy. Low level negative interference between
tk-GCV gene therapy and chemotherapy occurred in
some combinations but was overall negligible. In
general, adding chemotherapy to tk-GCV gene
therapy did not demonstrate significant therapeutic
benefit in vitro. High doses of chemotherapeutic
agents should be used in combination with tk-GCV
gene therapy in order to take advantage of the
occasional instance where modest improvement
occurred with combination therapy. Additional studies
exploring the role of methotrexate in enhancing the tk-
GCV system are required. Investigation of other,
potentially more synergistic chemotherapeutic agents
in combination with tk-GCV is warranted.

Frohlich, C., R. Albrechtsen, et al. (2006). "Molecular
profiling of ADAMI2 in human bladder cancer." Clin
Cancer Res 12(24): 7359-68.

The purpose of this study was to determine
the gene and protein expression profiles of ADAMI12
in different grades and stages of bladder cancer.
ADAMI2 gene expression was evaluated in tumors
from 96 patients with bladder cancer using a
customized Affymetrix GeneChip. Gene expression in
bladder cancer was validated using reverse
transcription-PCR, quantitative PCR, and in situ
hybridization. Protein expression was evaluated by
immunohistochemical staining on tissue arrays of
bladder cancers. The presence and relative amount of
ADAMI12 in the urine of cancer patients were
determined by Western blotting and densitometric
measurements, respectively. ADAMI2 mRNA
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expression was significantly up-regulated in bladder
cancer, as determined by microarray analysis, and the
level of ADAMI12 mRNA correlated with disease
stage. Reverse transcription-PCR, quantitative PCR,
and in situ hybridization validated the gene expression
results. Using immunohistochemistry, Frohlich et al
found ADAMI2 protein expression correlated with
tumor stage and grade. Finally, ADAMI2 could be
detected in the urine by Western blotting; ADAMI12
was present in higher levels in the urine from patients
with bladder cancer compared with urine from healthy
individuals. Significantly, following removal of tumor
by surgery, in most bladder cancer cases examined,
the level of ADAMI2 in the urine decreased and,
upon recurrence of tumor, increased. ADAMI2 is a
promising biomarker of bladder cancer.

Fu, W. J.,, B. F. Hong, et al. (2005). "Expression of a
recombinant vector of a mutant human telomerase
reverse transcriptase gene in human bladder cancer
cell line T24, and its clinical significance." BJU Int
96(6): 890-4.

To construct a mutant enhanced green
fluorescence protein (pEGFP) human telomerase
reverse transcriptase (h"TERT) gene expression vector
(pEGFP-hTERT), to observe its expression in
transfected human bladder cancer cell line T24 and its
role in the molecular regulatory mechanisms of
telomerase, and to provide a new target gene for
bladder cancer therapy. Polymerase chain reaction
(PCR) amplification was performed using primers
based on the gene sequence of hTERT. The PCR
product was cloned into plasmid pGEMT-T Easy and
the sequence of mutant hTERT gene analysed. A
recombinant mutant hTERT vector (pEGFP-hTERT)
was constructed at the EcoR I and Sal I sites of the
pEGFP-C1 vector. After transfecting the fusion gene
into T24 cells by the method of calcium phosphate-
DNA co-precipitation, we detected steady expression
of the GFP-hTERT fusion protein by fluorescent-light
microscopy. Changes in the proliferation of T24 cells
were detected by light microscopy, and beta-
galactosidase staining correlated with senescence.
Identification of pEGFP-hTERT by enzyme digestion
showed that the mutant hTERT fragment had been
cloned into EcoR I and Sal I sites of the pEGFP-C1
vector. Steady expression of GFP-hTERT fusion
protein was located in the nucleus of transfected cells.
Positive expression senescence-associated beta-
galactosidase staining in transfected cells increased
gradually with extended cultured time, and their
growth was suppressed. The recombinant mutant
vector (pEGFP-hTERT) was successfully constructed
and expressed steadily in T24 cells. The mutant-type
hTERT gene suppresses the proliferation of T24 cells
by a competitive effect on telomerase activity. This
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suggests that the hTERT gene might be a suitable
gene target for bladder cancer therapy.

Fuessel, S., B. Kueppers, et al. (2004). "Systematic in
vitro evaluation of survivin directed antisense
oligodeoxynucleotides in bladder cancer cells." J Urol
171(6 Pt 1): 2471-6.

The rather poor responses to conventional
treatment for bladder cancer (BCa) require novel,
specific therapy approaches. The down-regulation of
BCa associated genes may represent a new option to
inhibit specifically BCa cell growth and induce cell
death. Survivin, an apoptosis inhibitor that is up-
regulated in the majority of malignancies, including
BCa, provides an attractive target for molecular
therapies, such as treatment with specific antisense
oligode-oxynucleotides (AS-ODNs). Fuessel et al
used mRNA secondary structure prediction to design
survivin directed AS-ODNs. After lipid mediated
transfection with 30 selected antisurvivin AS-ODN
inhibitory effects on cell growth properties as well as
on survivin expression were measured. Three of 30
tested constructs reproducibly impaired the growth
characteristics of 4 BCa cell lines. Detailed analysis of
the cell line EJ28 treated with the constructs SVV261,
SVV264 and SVV286 revealed a clear decrease in
viability (down to 35%) and long-term proliferation
(down to 14%), which were caused by cell cycle arrest
and an increase in apoptosis (from 19.5% to 51.3%
maximum). The inhibition of tumor cell growth was
associated with up to 60% to 80% survivin expression
down-regulation. Interestingly all 3 evolved AS-
ODNs were directed against the putative single strand
survivin . mRNA motif between 274 to 285
nucleotides, identified by secondary structure
prediction. The reported accessibility of this motif to
other nucleic acid based inhibitors such as ribozymes
and small interfering RNAs emphasizes the rationale
of a systematic selection of mRNA target sites. The
survivin directed AS-ODNs shown to inhibit
effectively the proliferation of BCa cells in the current
study may provide suitable adjuvant therapeutic
agents for the specific local treatment of BCa.

Fullerton, N. E., R. J. Mairs, et al. (2005).
"Application of targeted radiotherapy/gene therapy to
bladder cancer cell lines." Eur Urol 47(2): 250-6.

A targeted radiotherapy/gene therapy strategy
for transitional cell carcinoma of bladder is described,
using [13 1I]meta-iodobenzylguanidine ([13 1T]MIBG),
a radionuclide combined with a tumour-seeking drug.
The aim is to decrease side effects from radiation
toxicity, while increasing radiation dose to tumour.
This tumour cell kill approach is augmented by
radiological bystander effects. The bladder cancer cell
line EJ138 was transfected with a gene encoding the
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noradrenaline transporter (NAT) under the control of
tumour-specific telomerase promoters. Resulting
uptake of [131I]MIBG was assessed by gamma-
counting of cell lysates, and NAT transgene
expression by real-time RT-PCR. Cell kill of
monolayers and disaggregated spheroids, dosed with
[131T]MIBG, was assessed by clonogenic assay. NAT
gene transfected cells exhibited a significantly
increased active uptake of [131I]MIBG, leading to
dose-dependent cell kill. Clonogenic assay of
disaggregated spheroids, a three-dimensional model,
suggested cell kill via bystander effects. Expression of
a functional NAT after in vitro transfection of bladder
cancer cells with the NAT gene under the control of
telomerase promoters leads to active uptake of
[131I]MIBG and dose-dependent cell kill. This
strategy could produce a promising new treatment
option for bladder cancer.

Gazzaniga, P., I. Silvestri, et al. (2007). "Gemcitabine-
induced apoptosis in 5637 cell line: an in-vitro model
for high-risk superficial bladder cancer." Anticancer
Drugs 18(2): 179-85.

Recent data suggest that new treatment
options for superficial bladder cancer are necessary,
owing to the high recurrence rate after conventional
treatment, especially in T1G3 and Bacillus Calmette-
Guerin-refractory patients. Phase I and II studies have
demonstrated that gemcitabine may represent a
candidate for intravesical therapy in superficial
bladder cancer. Despite clinical trials, the in-vitro
cytotoxic and proapoptotic effects of gemcitabine
have been poorly investigated. In the present study,
we investigated how gemcitabine affects apoptosis in
bladder cancer cell line 5637, which has the same
molecular features of high-risk superficial bladder
cancer. Apoptosis was evaluated by DNA
fragmentation, flow cytometry and caspase activation.
bcl-2, bel-X, bax, survivin and fas gene expression
were also evaluated by reverse-transcriptase
polymerase chain reaction. Nuclear factor-kappa B
activation was assessed by immunofluorescence.
Gemcitabine induced apoptosis in 5637 cells in a
time-dependent manner, with activation of caspase-3,
-8 and -9. Expression of bcl-2, bax, survivin and bel-X
was not affected by treatment, whereas fas strongly
increased after 24 h of treatment. After treatment, we
failed to find any nuclear localization of nuclear
factor-kappa B. As gemcitabine-induced apoptosis
involves fas upregulation, these results may encourage
the investigation of intravesical gemcitabine in fas-
negative bladder tumors. Furthermore, as nuclear
factor-kappa B activation by cisplatin, doxorubicin
and adriamycin may result in enhanced proliferation,
migration, immortality and inhibition of apoptosis, the
observation that gemcitabine does not activate nuclear
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factor-kappa B may have implications in intravesical
therapy of high-risk superficial bladder cancer.

George, B., R. H. Datar, et al. (2007). "p53 gene and
protein status: the role of p53 alterations in predicting
outcome in patients with bladder cancer." J Clin Oncol
25(34): 5352-8.

The p53 gene status (mutation) and protein

alterations (nuclear accumulation detectable by
immunohistochemistry; p53 protein status) are
associated with  bladder cancer progression.

Substantial discordance is documented between the
p53 protein and gene status, yet no studies have
examined the relationship between the gene-protein
status and clinical outcome. This study evaluated the
clinical relationship of the p53 gene and protein
statuses. The complete coding region of the p53 gene
was queried using DNA from paraffin-embedded
tissues and employing a p53 gene-sequencing chip.
George et al compared p53 gene status, mutation site,
and protein status with time to recurrence. The p53
gene and protein statuses show  significant
concordance, yet 35% of cases showed discordance.
Exon 5 mutations demonstrated a wild-type protein
status in 18 of 22 samples. Both the p53 gene and
protein statuses were significantly associated with
stage and clinical outcome. Specific mutation sites
were associated with clinical outcome; tumors with
exon 5 mutations showed the same outcome as those
with the wild-type gene. Combining the p53 gene and
protein statuses stratifies patients into three distinct
groups, based on recurrence-free intervals: patients
showing the best outcome (wild-type gene and
unaltered protein), an intermediate outcome (either a
mutated gene or an altered protein) and the worst
outcome (a mutated gene and an altered protein).
CONCLUSION: We show that evaluation of both the
p53 gene and protein statuses provides information in
assessing the clinical recurrence risk in bladder cancer
and that the specific mutation site may be important in
assessing recurrence risk. These findings may
substantially impact the assessment of p53 alterations
and the management of bladder cancer.

Gildea, J. J., M. Herlevsen, et al. (2004). "PTEN can
inhibit in vitro organotypic and in vivo orthotopic
invasion of human bladder cancer cells even in the
absence of its lipid phosphatase activity." Oncogene
23(40): 6788-97.

A role of PTEN in bladder cancer invasion is
further suggested by the fact that PTEN is a regulator
of cell motility, a necessary component of tumor
invasion. However, it is unknown whether PTEN is
mechanistically involved in 'in vivo' tumor invasion or
merely an epiphenomenon and, if the former is true,
whether this process is dependent on its protein or
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lipid phosphatase activities. To address these issues,
we stably transfected several commonly used human
bladder cancer cell lines with known invasive
phenotypes with either wild-type PTEN constructs or
those deficient in the lipid phosphatase (G129E) or
both protein and lipid phosphatase (G129R) activities.
Here we show that chemotaxis was inhibited by both
the wild-type and G129E mutant of PTEN but not by
G129R-transfected cells. Using a novel organotypic in
vitro invasion assay, we evaluated the impact of wild-
type and mutant PTEN transgene expression on the
invasive ability of T24T, a human bladder cancer cell
line with a functionally impaired PTEN. Results
indicate that the GI129E mutant blocks invasion as
efficiently as wild-type PTEN transfection. In contrast
to the wild-type gene, this mutant has no effect on cell
clonogenicity in agar. To further establish the role of
PTEN in tumor invasion, we evaluated vector- and
PTEN-transfected T24T cells in an orthotopic in vivo
assay that faithfully reproduces human disease.
Microscopic examination of murine bladders at the
completion of this experiment parallels the results
obtained with the organotypic assay. Our results are
the first demonstration: (1) that the inhibitory effects
of PTEN on cell motility translate into suppression of
in vivo invasion; (2) that PTEN can inhibit tumor
invasion even in the absence of its lipid phosphatase
activity; (3) how organotypic in vitro approaches can
be used as surrogates of in vivo invasion allowing
rapid dissection of molecular processes leading to this
phenotype while reducing the number of animals used
in research.

Golshani, R., S. H. Hautmann, et al. (2007). "HAS1
expression in bladder cancer and its relation to urinary
HA test." Int J Cancer 120(8): 1712-20.

Hyaluronic acid (HA) levels are elevated in
bladder cancer tissues and regulate tumor growth and
progression. Urinary HA levels measured by the HA
test are an accurate marker for bladder cancer. In cells,
HA is synthesized by one of the 3 HA-synthase(s) i.e.,
HASI1, HAS2 and HAS3. In this study, we examined
HASI expression in bladder cancer cells and tissues.
Real-time RT-PCR and northern blot analyses showed
that HASI transcript levels are elevated 5- to 10-fold
in bladder cancer tissues, when compared with normal
tissues (p < 0.001). Among the 3 HASI splice
variants, only HAS1-va was expressed in bladder
tissues, but the expression was significantly lower
than the wild type HASI transcript. Increased HAS1
expression in bladder tumor tissues correlated with
increased tissue HA levels (p < 0.001). Size of the
large HA species (2.0 x 10(6) D) present in bladder
tissues was consistent with the size of the HA polymer
synthesized by HAS1. The amount of HA produced
by bladder cancer cell lines correlated with the
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expression of HAS1 protein. Immunohistochemical
analyses of bladder tumor tissues showed that HAS1
and HA expression had 79-88% sensitivity and 83.3-
100% specificity. Both HAS1 and HA expression in
bladder cancer tissues correlated with a positive HA
urine test (p < 0.001). HAS1 expression correlated
with tumor recurrence, prior treatment (p < 0.05) and
possibly disease progression (p = 0.058). Therefore,
elevated HAS1 expression in bladder tumor tissues
contributes to a positive HA urine test and may have
some prognostic potential.

Golshani, R., L. Lopez, et al. (2008). "Hyaluronic acid
synthase-1 expression regulates bladder cancer
growth, invasion, and angiogenesis through CD44."
Cancer Res 68(2): 483-91.

Hyaluronic acid (HA) promotes tumor
metastasis and is an accurate diagnostic marker for
bladder cancer. HA is synthesized by HA synthases
HASI1, HAS2, or HAS3. We have previously shown
that HAS1 expression in tumor tissues is a predictor of
bladder cancer recurrence and treatment failure. In this
study, we stably transfected HT1376 bladder cancer
cells with HASI-sense (HAS1-S), HASI-antisense
(HAS1-AS), or vector cDNA constructs. Whereas
HASI1-S transfectants produced approximately 1.7-
fold more HA than vector transfectants, HA
production was reduced by approximately 70% in
HASI1-AS transfectants. HAS1-AS transfectants grew
5-fold slower and were approximately 60% less
invasive than vector and HASI-S transfectants.
HASI1-AS transfectants were blocked in G(2)-M phase
of the cell cycle due to down-regulation of cyclin BI,
cdc25¢, and cyclin-dependent kinase 1 levels. These
transfectants were also 5- to 10-fold more apoptotic
due to the activation of the Fas-Fas ligand-mediated
extrinsic pathway. HAS1-AS transfectants showed a
approximately = 4-fold  decrease in  ErbB2
phosphorylation and down-regulation of CD44 variant
isoforms (CD44-v3, CD44-v6, and CD44-E) both at
the protein and mRNA levels. However, no decrease
in RHAMM levels was observed. The decrease in
CD44-v. mRNA levels was not due to increased
mRNA degradation. Whereas CD44 small interfering
RNA (siRNA) transfection decreased cell growth and
induced apoptosis in HT1376 cells, HA addition
modestly increased CD44 expression and cell growth
in HAS1-AS transfectants, which could be blocked by
CD44 siRNA. In xenograft studies, HASI-AS tumors
grew 3- to 5-fold slower and had approximately 4-fold
lower microvessel density. These results show that
HASI regulates bladder cancer growth and
progression by modulating HA synthesis and HA
receptor levels.

editor(@sciencepub.net




Cancer Biology 2012;2(1)

http://www.cancerbio.net

Goudopoulou, A., A. Saetta, et al. (2003). "p53
mutations detection in urinary bladder cancer in the
Greek population: application of the NIRCA assay." J
Exp Clin Cancer Res 22(1): 99-105.

Goudopoulou et al applied the NIRCA assay,
which consists of two-step PCR amplification,
transcription of the amplified sequence, hybridisation
of the transcripts and treatment with RNAses which
recognizes mismatches due to the presence of
mutations. Results of molecular analysis are correlated
with  immunohistochemical findings, standard
clinopathological parameters and survival. p53
mutations were detected in 42.4% of the 66 examined
TCCs cases. We could not demonstrate any statistical
relationship between the presence of p53 mutation and
p53 protein overexpression, and tumor stage or grade.
A trend towards higher mutation rate in higher grade
tumours was observed, although this failed to reach
statistical significance. Despite the observation that
the alterations of p53 gene are associated features of
aggressive phenotype of transitional cell carcinomas
they do not seem to offer additional prognostic
information.

Gu, J., H. Zhao, et al. (2005). "Nucleotide excision
repair gene polymorphisms and recurrence after
treatment for superficial bladder cancer." Clin Cancer
Res 11(4): 1408-15.

Interindividual differences in DNA repair
capacity not only modify individual susceptibility to
carcinogenesis, but also affect individual response to
cancer treatment. Nucleotide excision repair (NER) is
one of the major DNA repair pathways in mammalian
cells involved in the removal of a wide variety of
DNA lesions. Polymorphisms in NER genes may
influence DNA repair capacity and affect clinical
outcome of bladder cancer treatment. To test the
influence of NER gene polymorphisms on superficial
bladder cancer outcome (recurrence and progression),
we conducted a follow-up study of 288 patients with
superficial bladder cancer. Median follow-up among
patients who were recurrence-free at the end of
observation was 21.7 months from diagnosis. The
specific polymorphic loci examined include XPA
[A/G at 5' untranslated region (UTR)], XPC (poly AT,
Ala(499)Val, Lys(939)Gln), XPD (Asp(312)Asn,
Lys(751)GIn), XPG (His(1104)Asp), ERCC 1 (G/T at
3' UTR), and ERCC6 (Met(1097)Val, Arg(1230)Pro).
The ERCC6 (Met(1097)Val) polymorphism had a
significant impact on recurrence: carriers of at least
one variant allele (Val) had a significantly higher
recurrence risk than carriers of the wild-type allele
(Met/Met; hazard ratio, 1.54; 95% confidence interval,
1.02-2.33). There were no overall statistically
significant differences in the distributions of the other
polymorphisms between patients with and without
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recurrence. However, when we combined these
variant genotypes, there was a significant trend for an
increased recurrence risk with an increasing number
of putative high-risk alleles. Using individuals with
five or fewer putative high-risk alleles as the reference
group, individuals with six to seven risk alleles and
individuals with eight or more risk alleles had higher
recurrence risks, with hazard ratios of 0.92 (0.54-1.57)
and 2.53 (1.48-4.30), respectively (P for trend <
0.001). These data suggest that interindividual
differences in DNA repair capacity may have an
important impact on superficial bladder cancer
recurrence. A pathway-based approach is preferred to
study the effects of individual polymorphism on
clinical outcomes.

Habuchi, T., M. Marberger, et al. (2005). "Prognostic
markers for bladder cancer: International Consensus
Panel on bladder tumor markers." Urology 66(6 Suppl
1): 64-74.

The International Consensus Panel on
cytology and bladder tumor markers evaluated
markers that have the ability to predict tumor
recurrence, progression, development of metastases,
or response to therapy or patient survival. This article
summarizes those findings. The panel mainly
reviewed articles listed in PubMed on various
prognostic indicators for bladder cancer. Based on
these studies, most of which were case-control
retrospective studies, various prognostic indicators
were classified into 6 groups: (1) microsatellite-
associated markers, (2) proto-oncogenes/oncogenes,
(3) tumor suppressor genes, (4) cell cycle regulators,
(5) angiogenesis-related factors, and (6) extracellular
matrix adhesion molecules. The panel concluded that
although certain markers, such as Ki-67 and p53,
appear to be promising in predicting recurrence and
progression of bladder cancer, the data are still
heterogeneous. The panel recommends that
identifying definitive criteria for test positivity, a
clearly defined patient population, standardization of
techniques used to evaluate markers, and clearly
specified endpoints and statistical methods will help to
bring accurate independent prognostic indicators into
the clinical management of patients with bladder
cancer.

Hadaschik, B. A., P. C. Black, et al. (2007). "A
validated mouse model for orthotopic bladder cancer
using  transurethral tumour inoculation and
bioluminescence imaging." BJU Int 100(6): 1377-84.
To describe a technique for transurethral
tumour inoculation, bioluminescence imaging (BLI)
and validation of this approach using ex vivo magnetic
resonance imaging (MRI), as a reproducible and
quantifiable model of orthotopic bladder cancer is
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required to enable preclinical pharmacological studies
of intravesically administered anticancer agents and
the use of BLI provides a sensitive method to monitor
tumour growth over time. Human KU-7 bladder
tumour cells were transduced with a lentiviral
construct to stably express the firefly luciferase gene.
These cells were then inoculated in female nude mice
by intravesical instillation. BLI was performed weekly
and the mice were killed after 4 weeks. Ex vivo MRI
and whole-mount step-sections were obtained to
assess bladder tumour volume. KU-7 tumour cells
were highly tumorigenic and were successfully
inoculated in 96% of mice. After 4 weeks, all tumours
were confined to the mucosa and submucosa
(</=pT1). There was an excellent correlation between
tumour volume and BLI for both ex vivo bladder MRI
(R2) = 0.929) and end-point histological
measurements (R(2) = 0.836). We have established
and validated a reliable model of orthotopic bladder
cancer that can be used to evaluate various methods of
intravesical therapy. BLI allows excellent longitudinal
surveillance and quantification of tumour burden.

Hadaschik, B. A., K. Zhang, et al. (2008). "Oncolytic
vesicular stomatitis viruses are potent agents for
intravesical treatment of high-risk bladder cancer."
Cancer Res 68(12): 4506-10.

Bladder cancer is the second most common
genitourinary malignancy. At initial diagnosis,
approximately 70% of cases are non-muscle-invasive;
however, current treatment options for superficial
disease are of limited efficacy because many patients
will develop recurrent tumors. Despite using
immunocompromised hosts, there was no evidence of
toxicity in either group. In conclusion, VSV
instillation therapy showed promising antitumor
activity and safety in an orthotopic model of bladder
cancer. These findings provide preclinical proof-of-
principle for the intravesical use of VSV against non-
muscle-invasive bladder cancer, especially in IFN-
refractory patients.

Halling, K. C. and B. R. Kipp (2008). "Bladder cancer
detection using FISH (UroVysion assay)." Adv Anat
Pathol 15(5): 279-86.

UroVysion is a fluorescence in situ
hybridization assay that was developed for the
detection of bladder cancer in urine specimens. It
consists of fluorescently labeled DNA probes to the
pericentromeric regions of chromosomes 3 (red), 7
(green), and 17 (aqua) and to the 9p21 band (gold)
location of the P16 tumor suppressor gene. The
UroVysion assay works by detecting urinary cells that
have chromosomal abnormalities consistent with a
diagnosis of bladder cancer. Studies have shown that
UroVysion is more sensitive than urine cytology for

http://www.cancerbio.net

102

the detection of all stages and grades of bladder
cancer. UroVysion is Food and Drug Administration-
approved for the detection of recurrent bladder cancer
in voided urine specimens from patients with a history
of bladder cancer and for the detection of bladder
cancer in voided urine specimens from patients with
gross or microscopic hematuria, but no previous
history of bladder cancer. Recent studies also suggest
that UroVysion may be useful for assessing superficial
bladder cancer patients' response to bacillus Calmette-
Guerin therapy and in detecting upper tract urothelial
carcinoma.

Havaleshko, D. M., H. Cho, et al. (2007). "Prediction
of drug combination chemosensitivity in human
bladder cancer." Mol Cancer Ther 6(2): 578-86.

The choice of therapy for metastatic cancer is
largely empirical because of a lack of
chemosensitivity prediction for available combination
chemotherapeutic regimens. Here, we identify
molecular  models of  bladder  carcinoma
chemosensitivity based on gene expression for three
widely used chemotherapeutic agents: cisplatin,
paclitaxel, and gemcitabine. We measured the growth
inhibition elicited by these three agents in a series of
40 human urothelial cancer cell lines and correlated
the GI(50) (50% of growth inhibition) values with
quantitative measures of global gene expression to
derive models of chemosensitivity using a
misclassification-penalized posterior approach. The
misclassification-penalized posterior-derived models
predicted the growth response of human bladder
cancer cell lines to each of the three agents with
sensitivities of between 0.93 and 0.96. We then
developed an in silico approach to predict the cellular
growth responses for each of these agents in the
clinically relevant two-agent combinations. These
predictions were prospectively evaluated on a series of
15 randomly chosen bladder carcinoma cell lines.
Overall, 80% of the predicted combinations were
correct (P =0.0002). Together, our results suggest that
chemosensitivity to drug combinations can be
predicted based on molecular models and provide the
framework for evaluation of such models in patients
undergoing combination chemotherapy for cancer. If
validated in vivo, such predictive models have the
potential to guide therapeutic choice at the level of an
individual's tumor.

Havaleshko, D. M., S. C. Smith, et al. (2009).
"Comparison of global versus epidermal growth factor
receptor pathway profiling for prediction of lapatinib
sensitivity in bladder cancer." Neoplasia 11(11): 1185-
93.

Chemotherapy for metastatic bladder cancer
is rarely curative. The recently developed small
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molecule, lapatinib, a dual epidermal growth factor
receptor (EGFR)/human epidermal growth factor
receptor-2 receptor tyrosine kinase inhibitor, might
improve this situation. Recent findings suggest that
identifying which patients are likely to benefit from
targeted therapies is beneficial, although controversy
remains regarding what types of evaluation might
yield optimal candidate biomarkers of sensitivity.
Here, we address this issue by developing and
comparing lapatinib sensitivity prediction models for
human bladder cancer cells. After empirically
determining in vitro sensitivities (drug concentration
necessary to cause a 50% growth inhibition) of a panel
of 39 such lines to lapatinib treatment, we developed
prediction models based on profiling the baseline
transcriptome, the phosphorylation status of EGFR
pathway signaling targets, or a combination of both
data sets. Combining microarray data and
phosphoprotein profiling provided a combination
model with 98% accuracy. Our findings suggest that
transcriptome-wide profiling for biomarkers of
lapatinib sensitivity in cancer cells provides models
with excellent predictive performance and may be
effectively combined with EGFR  pathway
phosphoprotein profiling data. These results have
significant implications for the use of such tools in
personalizing the approach to cancers treated with
EGFR-directed targeted therapies.

Haynes, M. D., T. A. Martin, et al. (2005). "Tight
junctions and bladder cancer (review)." Int J Mol Med
16(1): 3-9.

Tight junctions play a critical role in the
maintenance of the urine-blood barrier creating a
physiological barrier to the passage of ions and solutes
between the urine and blood. Alterations in this urine-
blood barrier function have been demonstrated in
some diseases and regulation of the tight junction
function has been recognised as an important aspect of
the cell biology of cancer in terms of disease
progression and as a potential therapeutic target.
Although tight junctions play an important role in the
physiological control of bladder function, there is little
published on their molecular composition or
regulation in the normal or diseased bladder. The
purpose of this review is to summarise current
understanding on the role and regulation of tight
junction function in the normal and diseased bladder.

He, L. F., K. P. Guan, et al. (2005). "Enhanced
sensitivity to mitomycin C by abating heat shock
protein 70 expression in human bladder cancer cell
line of BIU-87." Chin Med J (Engl) 118(23): 1965-72.

Bladder cancer is a relatively common tumor
in the urinary system, in which mitomycin C (MMC)-
based chemotherapy or combination chemotherapy
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has been mainly used to treat patients with advanced
bladder cancer. The prognosis of patients with
advanced bladder cancer is still extremely poor in
spite of recent therapeutic advances. To improve the
prognosis, the sensitivity of tumor cells to mitomycin
C by the induction of apoptosis with the abating heat
shock protein 70 (HSP70) expression in human
bladder cancer cell lines of BIU-87 was investigated.
HSP70 expression was abated in BIU-87 cells by HSP
mRNA antisense oligomers. MTT assay and the
clone-forming test were used for evaluating the
sensitivity of cells to MMC. Apoptosis was assessed
using both fluorescent microscopy after staining the
cells with Hoechst 33258 and DNA fragment ladder
agarose electrophoresis. Thirty-two male six-week-old
BALB/c nude mice, at the beginning of the
experiment, were used to evaluate the effect of
antisense oligomers (ASO) on the tumor formation in
vivo. HSP70 expression in BIU-87 was effectively
abated by HSP70 mRNA antisense oligomers. The
percentage of apoptotic cells in ASO group was
greater than in sense oligomers (SO) [P < 0.05, (18.31
+/- 2.89)% vs (1.89 +/- 0.74)%], nonsense oligomers
(NO) [P < 0.05, (18.31 +/- 2.89)% vs (1.78 +/-
0.92)%] and blank groups [P < 0.05, (18.31 +/-
2.89)% vs (1.87 +/- 0.84)%], while the sensitivity of
tumor cells to mitomycin C was enhanced. The in vivo
tumor inhibition rate of ASO plus MMC (> 50%) was
more than that of ASO or MMC group alone (all P <
0.05). The abating level of HSP70 expression can
strengthen the sensitivity of BIU-87 to MMC. One of
this effect might be related to the induction of
apoptosis by abating HSP70 expression.

He, X. D., Z. P. Wang, et al. (2009). "Construction of
urothelium-specific recombinant adenovirus and its
inhibition in bladder cancer cell." Urol Int 82(2): 209-
13.

To construct urothelium-specific recombinant
adenovirus and investigate its inhibition in bladder
cancer cell. RT-PCR analysis was used to determine
expression patterns of hUPII and coxsackie
adenovirus receptor on multiple cell lines. Transient
transfection and luciferase detecting assay were used
to detect tissue specificity of the hUPII promoter.
Recombinant adenovirus Ad-UPII-E1A and Ad-UPII-
Null were constructed. Restrictive enzyme digestion
assay and PCR confirmed the correct construction.
The adenovirus E1A protein expressed in BIU-87 was
tested by Western blot after cells were infected with
recombinant adenovirus. Recombinant adenovirus Ad-
UPII-E1A was tested for its inhibition in bladder
cancer cell line BIU-87. HUPII and CAR were
expressed and the hUPII promoter is highly active in
bladder cancer cell line BIU-87. Using homologous
recombination in bacteria technology, the hUPII
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promoter and E1A gene were inserted into the genome
of type 5 recombinant adenovirus. The E1A protein
was markedly positive in the samples of BIU-87 cells
infected with recombinant adenovirus Ad-UPII-E1A.
MTT assay demonstrated recombinant adenovirus Ad-
UPII-E1A inhibited bladder cancer cell BIU-87
growth. CONCLUSION: The hUPII promoter shows
high tissue specificity. Recombinant adenovirus Ad-
UPII-E1A and Ad-UPII-Null were constructed and
confirmed. Recombinant adenovirus Ad-UPII-E1A is
effective in inhibition in bladder cancer cell line BIU-
87.

Hemstreet, G. P. and W. Wang (2004). "Genotypic
and phenotypic biomarker profiles for individual risk
assessment and cancer detection (lessons from bladder
cancer risk assessment in symptomatic patients and
workers exposed to benzidine)." Front Biosci 9: 2671-
9.

There is a need for improved methods for
detecting individuals at risk for cancer to target
subsets of patients for more intensive individual
screening and targeted cancer therapy and
chemoprevention. One approach for accomplishing
this objective is to detect premalignant molecular
fingerprints in an organ at risk for cancer or to define
biomarkers reflective of treatment selection and
response. Bladder cancer is an excellent model for
testing this approach; however, comprehending the
strategy for biomarker selection and analysis is more
complicated than is generally appreciated. The
objective of this article is to provide a succinct
overview of our experience with the selection of
biomarkers for bladder cancer detection, first in
symptomatic patients and then in high-risk cohorts of
workers at risk for bladder cancer. Biomarker
selection depends on multiple parameters, each of
which must be optimized to enhance the utility of a
biomarker for clinical application. Many markers that
initially show promise fail in the clinical arena for a
variety of reasons. Important parameters include when
a biomarker is expressed in carcinogenesis (i.e., early
vs. late), the sample type, and the method of analysis.
The purpose of this presentation is to illustrate the
fundamental concepts for selection and profile
analysis of high-level phenotypic biomarkers
developed for bladder cancer risk assessment,
screening, and early bladder cancer detection.

Highshaw, R. A., D. J. McConkey, et al. (2004).
"Integrating basic science and clinical research in
bladder cancer: update from the first bladder
Specialized Program of Research Excellence
(SPORE)." Curr Opin Urol 14(5): 295-300.

To review the progress of the genitourinary

SPORE  (Specialized Program of Research
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Excellence) in bladder cancer. The optimal
management of bladder cancer depends on the
accurate assessment of the biological potential of the
disease. Methotrexate, vincristine, adriamycin and
cisplatin (M-VAC) chemotherapy has been the
standard of therapy for over a decade. However, there
has been no improvement in patient survival.
Encouraging preclinical data have resulted in the rapid
translation of epidermal growth factor receptor
antagonists into the clinic. However, phase I and II
single-agent clinical trials in head and neck, lung, and
colon cancer failed to match the hope generated by
laboratory investigations since only a minority of
patients seemed to benefit from this approach.
Nonetheless, recent data revealed that non-small-cell
lung cancer tumors that responded to single-agent
Iressa possessed activating epidermal growth factor
receptor mutations. The integration of these new
biological agents in combination with chemotherapy,
in order to abrogate the progression of advanced
bladder cancer, is the prime directive of our current
phase II Iressa/docetaxel trial.

Hikosaka, S., I. Hara, et al. (2004). "Antitumor effect
of simultaneous transfer of interleukin-12 and
interleukin-18 genes and its mechanism in a mouse
bladder cancer model." Int J Urol 11(8): 647-52.

The objectives of this study were to evaluate
the antitumor effects of the simultaneous introduction
of interleukin 12 (IL-12) and IL-18 genes into a
mouse bladder cancer cell line (MBT2). We intended
to compare these with those of either gene alone and
to investigate the mechanism of the effects induced by
the transfer of IL-12 and/or IL-18 genes in this model
system. We transfected the IL-12 and/or IL-18 genes
into MBT2 cells by the liposome-mediated gene
transfer method. We confirmed the secretion of IL-12
and/or IL-18 by enzyme-linked immunosorbent assay.
Parental (MBT2/P), IL-12-transfected (MBT2/IL-12),
IL-18-transfected (MBT2/IL-18) or both IL-12- and
IL-18-transfected (MBT2/Both) cells were
subcutaneously or intravenously injected into
syngeneic C3H mice. To analyze the mechanism of
tumor rejection, these clones were subcutaneously
injected into naive nude mice and those depleted with
natural killer (NK) cells by antibody. MBT2/IL-12,
MBT2/IL-18 and MBT2/Both were completely
rejected when they were injected subcutaneously or
intravenously into syngeneic mice. However,
MBT2/IL-12, but not MBT2/IL-18, could grow in
nude mice. Moreover, the antitumor effect of
MBT2/IL-18 was partially abrogated when injected
into nude mice of which NK cells were depleted by
antibody treatment. MBT2/Both was completely
rejected in both nude mice with and without NK cells.
T cells and NK cells seem to play important roles in
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the antitumor effects by the secretion of IL-12 and IL-
18, respectively, and MBT2/Both possesses both
mechanisms.

Hinata, N., T. Shirakawa, et al. (2003). "Radiation
induces p53-dependent cell apoptosis in bladder
cancer cells with wild-type- p53 but not in p53-
mutated bladder cancer cells." Urol Res 31(6): 387-96.

It has been reported in several studies that the
absence in cancer cells of the p53 tumor suppressor
gene, mutations of which are frequently found in
bladder cancer, increases their resistance to ionizing
radiation. Other studies, however, suggest that
mutations of the p53 gene could increase the
radiosensitivity of cancer cells, although the evidence
is still inconclusive. In the present study, we
investigated the relationship between p53 status and
radiation response in five different bladder cancer cell
lines. 5 different human bladder cancer cell lines
(KK47: with wt- p53, RT4: with wt- p53, T24: with
mutated p53, 5637: with mutated p53, UM-UC-3:
with mutated p53) were used in the study. Cells were
irradiated with 0, 2, 4, 6 or 8 Gy, then trypsinized and
re-plated for clonogenic survival assay, quantitative
RT-PCR assay, flow-cytometry analysis and TUNEL
assay. Results. The clonogenic assay demonstrated
that KK47 and RT4 had significantly higher
radiosensitivity than other cell lines. Quantitative RT-
PCR analysis showed that radiation induced increased
expression of p53, Bax, and p21 mRNA in KK47 and
RT4. After irradiation, Gl cell-cycle arrest was
observed in KK47 and RT4 under flow cytometry
analysis, while T24, 5637, and UM-UC-3 showed an
increase in the proportion of G2 cells. Increased cell
apoptosis was also observed under TUNEL assay in
KK47 and RT4, but not in other cell lines. It was
demonstrated that ionizing radiation induces p53-
dependent cell apoptosis in bladder cancer cells with
wt- p53 but not in those with mutated p53.

Hinkel, A., S. Schmidtchen, et al. (2008).
"Identification of bladder cancer patients at risk for
recurrence or progression: an immunohistochemical
study based on the expression of metallothionein." J
Toxicol Environ Health A 71(13-14): 954-9.

Despite similarities in tumor stage and grade
the individual outcome of bladder cancer patients is
not predictable. The ideal tool for treatment
stratification has not yet been found. Metallothionein
(MT) overexpression is correlated with poor tumor
differentiation, resistance to chemotherapy, and
impaired survival in different malignancies. The
clinical relevance of MT expression for defining
patients at high risk for recurrence or progression was
assessed. MT was detected immunohistochemically
and evaluated semiquantitively in tumor specimens of

http://www.cancerbio.net

105

103 male and 19 female patients. Mean age of the

patients was 68 (38-87) yr. According to
histopathological features, three groups were
distinguished for further analysis (pTa-1G1-2,

pTis/pT1G3, and muscle invasive tumors). A cutoff
value of 50% immunoreactive cells was used for
further analysis. The 5-yr tumor specific survival rate
was significantly lower in patients with high MT
expression (32 vs. 72%). Thus, MT expression seems
to be a promising marker for further risk stratification
in the clinical treatment of bladder cancer patients.

Homma, 1., H. Kitamura, et al. (2009). "Human
leukocyte antigen class I down-regulation in muscle-
invasive bladder cancer: its association with clinical
characteristics and survival after cystectomy." Cancer
Sci 100(12): 2331-4.

Using a novel monoclonal anti-pan human
leukocyte antigen (HLA) class I heavy chain antibody
(EMR 8-5) reacting with paraffin-embedded sections,
we examined the prognostic significance of HLA class
I molecules in muscle-invasive bladder cancer patients
who underwent radical cystectomy.
Immunohistochemical staining for HLA class I
molecules with monoclonal antibody EMR 8-5 was
performed on specimens from 65 clinically muscle-
invasive bladder cancer patients who underwent
radical cystectomy and pelvic lymph node dissection
without neoadjuvant chemotherapy. We analyzed the
clinicopathological and prognostic significance of
HLA class 1 expression. Immunohistochemical
analysis revealed HLA class I down-regulation in 22
(33.8%) invasive bladder cancers. This down-
regulation had no correlation with clinicopathological
parameters such as pathologic stage, nodal status, and
grade. The recurrence-free survival of patients with
HLA class I-positive tumors was significantly better
than that of those with down-regulation (log rank, P =
0.0337). Multivariate analysis revealed that HLA class
I expression was a significant factor influencing the
recurrence-free survival of bladder cancer patients
after cystectomy (P = 0.0155). Our data demonstrate
that HLA class I down-regulation in tumor cells was
clearly observed in about one-third of the patients.
HLA class I expression could be a prognostic marker
for muscle-invasive bladder cancer patients after
cystectomy.

Horiguchi, Y., K. Kuroda, et al. (2003). "Antitumor
effect of a novel nuclear factor-kappa B activation
inhibitor in bladder cancer cells." Expert Rev
Anticancer Ther 3(6): 793-8.

Nuclear factor (NF)-kappaB is a transcription
factor that not only induces and controls various
genes, including those of inflammatory cytokines, but
also activates genes which suppress apoptosis. It has
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been clearly demonstrated that certain advanced
human bladder cancer cells constitutively acquire the
ability to activate NF-kappaB, which not only protects
cancer cells from apoptotic cell death, but also
upregulates the production of various cytokines that
may increase the malignant potential of the disease
and cause paraneoplastic syndromes. The NF-kappaB
inhibitors may therefore be useful as anticancer
agents. An NF-kappaB function inhibitor, a
dehydroxymethyl derivative of epoxyquinomicin C
(DHMEQ), has recently been designed and
synthesized. The effectiveness of DHMEQ against
advanced human bladder cancer cell line KU-19-19, in
which NF-kappaB is constitutively activated, has been
investigated. The DNA-binding activity of NF-kappaB
was completely inhibited following 2-6-h exposure to
10 microg/ml of DHMEQ. Marked levels of apoptosis
were observed 48 h after DHMEQ administration.
These results confirmed that NF-kappaB activation
maintains the viability of KU-19-19 cells, that
DHMEQ inhibited constitutively activated NF-
kappaB, and, consequently, apoptosis was induced.
However, it was still possible that DHMEQ caused
apoptotic cell death through some other mechanism
which has not yet been fully investigated. The authors
conclude that DHMEQ could represent a new
treatment strategy against advanced bladder cancer.

Horinaga, M., K. M. Harsch, et al. (2005).
"Intravesical interleukin-12 gene therapy in an
orthotopic bladder cancer model." Urology 66(2):
461-6.

To evaluate the antitumor effect of
intravesical cationic liposome-mediated interleukin-12
(IL-12) gene delivery in an orthotopic murine bladder
cancer model, and to investigate the immunologic
memory against tumors between IL-12 gene therapy
and bacille Calmette-Guerin (BCG) therapy.
Orthotopic murine bladder tumors were established by
implanting 5 x 10(5) MBT-2 cells into the bladder of
syngeneic female C3H mice. Intravesical IL-12 gene
therapy was evaluated at varying doses: 0 microg
(control) and 3, 5, and 10 microg (n = 8 for each
group). Intravesical treatments were performed every
3 days and repeated six times beginning 5 days after
tumor implantation. To compare the long-term, tumor-
specific immunity between IL-12-treated mice (n =
18) and BCG-treated mice (n = 20), the animals
surviving at day 60 and 10 new control mice were
rechallenged with MBT-2 cells and received no
additional treatment. On day 120, all surviving mice
were killed and underwent necropsy. In the IL-12
groups at doses of 0, 3, 5, and 10 microg, 0, 2, 3, and
3 mice survived, respectively. Mice in the 5-microg
and 10-microg IL-12 groups survived significantly
longer than did the control group. All mice cured by
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IL-12 treatment successfully rejecte