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1. Introduction 

At present, bladder cancer (BCa) is worldwide the 9th most common tumor; in men it 

represents the 7th and in women 17th most common malignancy (Ploeg et al., 2009). In the 

European Union approximately 104,400 newly diagnosed BCa and 36,500 BCa-related 

deaths were estimated for the year 2006 (Ferlay et al., 2007). In the United States, 

approximately 70,530 new cases and 14,680 BCa-related deaths were expected for 2010 

(Jemal et al., 2010). Men are three to four times more frequently affected than women (Ferlay 

et al., 2007; Jemal et al., 2010). 

Detection of BCa is hampered due to lately emerging symptoms, such as hematuria, and the 

lack of specific tumor markers. Treatment options, particularly for the advanced disease, 

appear currently insufficient, leading together with the BCa-inherent high recurrence and 

progression rates to the relatively high BCa-related mortality (Ferlay et al., 2007). For the 

development of more specific and efficient diagnostic tools and therapeutic approaches a 

profound understanding of the onset and course of this disease is indispensable. 

Molecular alterations that presumably lead to malignant transformation of the bladder 

urothelium belong to specified pathways involved in regulation of cellular homeostasis. As 

consequence of genetic and epigenetic alterations as well as of changes in subsequent 

regulatory mechanisms several major cellular processes are influenced in a manner that 

results in tumor development and progression. Regulation of the cell cycle, cell death and 

cell growth belong to these processes as well as the control of signal transduction and gene 

regulation. Particularly important for tumor cell spread and metastasis are changes in the 

regulation of interactions with stromal cells and extracellular components, of tumor cell 

migration and invasion and of angiogenesis (Mitra & Cote, 2009). 

Interestingly, numerous associations between risk factors for the development of BCa and 

the affected cellular processes were identified (Mitra & Cote, 2009). For tobacco smoking or 

the occupational exposure to aromatic amines, polycyclic aromatic hydrocarbons and 

aniline dyes − the major environmental risk factors that contribute to BCa genesis − strong 

associations with alterations in cell cycle regulation have been reported (Bosetti et al., 2007; 

Golka et al., 2004; Mitra & Cote, 2009; Strope & Montie, 2008). Other factors such as use of 

hair dyes, several noxious substances and drugs, dietary components and urological 

pathologies influence with more or less evidence the control of cell cycle and the regulation 

of gene expression or signal transduction (Golka et al., 2004; Kelsh et al., 2008; Michaud, 

2007; Mitra & Cote, 2009; Shiff et al., 2009). 
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Not only environmental risk factors determine the risk of BCa development, but also strong 
correlations with a genetic predisposition or polymorphisms in detoxification or repair 
genes leading to alterations in gene expression and regulation have been described 
(Bellmunt et al., 2007; Dong et al., 2008; Franekova et al., 2008; Garcia-Closas et al., 2006; 
Horikawa et al., 2008a; Kellen et al., 2007; Mitra & Cote, 2009; Sanderson et al., 2007). 
Several genome-wide association studies revealed the association of different single 
nucleotide polymorphisms (SNPs) with an altered risk of BCa. Strong associations of SNPs 
on the chromosomes 3q28, 4p16.3, 8q24.21 and 8q24.3 with the risk of BCa development 
were observed (Kiemeney et al., 2008, 2010; Rothman et al., 2010; X. Wu et al., 2009). 
Rothman et al. identified also new chromosomal regions on 2q37.1, 19q12 and 22q13.1, 
which are related to the susceptibility for BCa (Rothman et al., 2010). 

2. Different clinical behavior due to varying genetic & molecular pathways 

Clinical behavior and outcome of superficial, non muscle-invasive BCa doubtless differ from 
muscle-invasive BCa what is the result of varying molecular pathways characteristic for 
each subtype [Fig.1]. The more frequently diagnosed non muscle-invasive BCa comprise 
papillary Ta tumors confined to the mucosa and T1 tumors spread into submucosal layers of 
the bladder. In dependence on tumor grade, stage and size, the presence of concomitant 
carcinoma in situ (CIS), the occurrence of multifocal lesions and the prior recurrence rate the 
risk of recurrence of non muscle-invasive Ta/T1 BCa and the risk of progression to muscle-
invasive BCa differ considerably (Babjuk et al., 2011; Sylvester et al., 2006). In principle, flat 
CIS lesions also belong to the group of non muscle-invasive BCa but are associated with a 
higher aggressiveness due to a completely different tumor biological behavior rather 
resembling muscle-invasive BCa (Kitamura & Tsukamoto, 2006; Pashos et al., 2002). 
It appears meaningful to regard the different types of non muscle-invasive BCa separately 
due to dissimilar phenotype-specific alterations in molecular and cellular pathways, which 
are also reflected by the varying clinical behavior. Ta tumors, which account for 
approximately 70% of non muscle-invasive BCa, bear a relatively high risk of local 
recurrence but rarely become muscle-invasive BCa (Kitamura & Tsukamoto, 2006; Pashos et 
al., 2002; Van Rhijn et al., 2009; Wu, 2005). The remaining non-muscle invasive BCa consist 
of 20% T1 tumors and about 10% primary CIS (Kitamura & Tsukamoto, 2006; Van Rhijn et 
al., 2009). Particularly, high grade T1 tumors (previously T1G3) have an increased 
propensity to progress compared to low grade T1 and Ta tumors (Emiliozzi et al., 2008; 
Kitamura & Tsukamoto, 2006). In contrast, CIS lesions are rather characterized by molecular 
alterations that are also observed in muscle-invasive BCa. Therefore, a high risk of 
progression of these CIS tumors seems to be implicated and leads to a poor outcome similar 
to that of muscle-invasive BCa (Knowles, 2008; Wu, 2005). 
In low-grade papillary tumors a constitutively activated receptor tyrosine kinase/RAS 
pathway in consequence of activating mutations in the genes FGFR3 (fibroblast growth factor 
receptor 3) or HRAS (Harvey rat sarcoma viral oncogene homolog) was described (Jebar et al., 
2005; Knowles, 2008; Wu, 2005). The rate of FGFR3 mutations of about 70% in Ta and in low-
grade tumors is much higher than in invasive BCa with a rate of 10-20% (Bakkar et al., 2003; 
Billerey et al., 2001; Rieger-Christ et al., 2003; Serizawa et al., 2011). 
Activating HRAS mutations are detected with an estimated overall frequency of 10-15% 
without a clear association with tumor grade or stage (Jebar et al., 2005; Knowles, 2008; 
Kompier et al., 2010a; Oxford & Theodorescu, 2003; Serizawa et al., 2011). Interestingly, 
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mutations in FGFR3 and in RAS genes are mutually exclusive events and therefore 
suggested to represent alternative means to activate the MAPK (mitogen-activated protein 
kinase) pathway resulting in the same phenotype (Jebar et al., 2005; Kompier et al., 2010a).  
Furthermore, deletions of chromosome 9 belong to the most common genetic alterations in 
Ta tumors with a frequency of 36-66% (Knowles, 2008). Several putative tumor suppressor 
genes (TSG) located on this chromosome are affected by such deletions in combination with 
loss of heterozygosity (LOH) events, mutations or promoter hypermethylation (Knowles, 
2008). Amongst others, the CDKN2A locus on 9p21 encoding the TSG p16INK4A and p14ARF is 
altered as well as PTCH1 (9q22.3), DBC1 (9q32-33) and TSC1 (9q34) located on the long arm 
of chromosome 9 (Aboulkassim et al., 2003; Berggren et al., 2003; Cairns et al., 1995; 
Chapman et al., 2005; Knowles, 2003, 2008; Lopez-Beltran et al., 2008; S.V. Williams et al., 
2002; Williamson et al., 1995). LOH events in these chromosomal regions are associated with 
a high tumor grade and an elevated risk of recurrence of Ta and T1 tumors (Simoneau et al., 
2000). 
In principle, T1 tumors belong to the group of non-muscle-invasive BCa but obviously differ in 

their clinical behavior from Ta tumors since they show a higher potential for invasive growth 

and risk to progression. Nevertheless, dedifferentiation reflected by the tumor grade is a 

crucial factor for the determination of the phenotype resulting from differing molecular 

alterations (Kitamura & Tsukamoto, 2006). High-grade Ta tumors (TaG3) display a FGFR3 

mutation frequency of 34% ranging between that of TaG1 (58-82%) and T1G3 tumors (17%) 

paralleling the phenotype and clinical behavior (Hernandez et al., 2005; Herr, 2000; Junker et 

al., 2008; Kitamura & Tsukamoto, 2006; Van Oers et al., 2007). Additionally, a high rate of 

homozygous deletions of the CDKN2A/INK4A gene, which was associated with an increased 

relative risk of recurrence, was observed in high-grade Ta tumors (Orlow et al., 1999). 

Deletions or promoter hypermethylation of the CDKN2A/INK4A gene affect the 

expression of its gene products p14ARF and p16INK4A finally leading to deregulation in the 

p53 and RB1 (retinoblastoma 1) pathways. Alterations in these pathways are in fact 

molecular characteristics for CIS lesions and muscle-invasive BCa but can also be found in 

papillary tumors progressed to an invasive stage (Kitamura & Tsukamoto, 2006; Mitra & 

Cote, 2009; Orlow et al., 1999). Inactivation of p53 in muscle-invasive BCa is 

predominantly the consequence of allelic loss and mutations in this gene or of the 

homozygous deletion of its regulator p14ARF (Mitra & Cote, 2009). Disturbed expression or 

uninhibited hyperphosphorylation of the tumor suppressor RB1 result in its inactivation 

(Mitra & Cote, 2009). Simultaneous dysfunction of p53 and RB1, the two central regulators 

of the cell cycle and apoptosis, is observed in more than 50% of high grade T1 tumors and 

in the majority of muscle-invasive BCa (Kitamura & Tsukamoto, 2006; Knowles, 2008). 

Furthermore, two other alterations affecting the p53 pathway are characteristic for 

muscle-invasive BCa: the lack of p21Waf1, the cyclin-dependent kinase inhibitor 1A 

(CDKN1A), and overexpression of the p53-regulator MDM2 (Mdm2 p53 binding protein 

homolog (mouse)) (Mitra & Cote, 2009).  
Muscle-invasive BCa display a high number and variety of chromosomal alterations such as 
loss of 5q, 6q, 8p, 9p, 9q, 10q, 11p, 11q, 17p and Y or gains of 1q, 3q, 5p, 6p, 7p, 8q, 17q, 20p 
and 20q (Blaveri et al., 2005; Heidenblad et al., 2008; Knowles, 2008; Richter et al., 1998; 
Simon et al., 2000). 
The frequency of specific genomic alterations increases with tumor stage and is associated 
with a worse outcome (Blaveri et al., 2005; Richter et al., 1998). Several genes putatively 
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relevant for tumor proliferation and progression are located in these altered chromosomal 
regions such as the transcription factors E2F3 and SOX4 on 6p22 or the supposed oncogene 
YWHAZ (14-3-3-zeta) on 8q22 (Heidenblad et al., 2008). Interestingly, amplification of 6p22 
containing E2F3, which is involved in cell cycle regulation, and the frequently occurring 
homozygous deletions of CDKN2A and CDKN2B on 9p21 exist mutually exclusive 
indicating that they possibly play complementary roles (Feber et al., 2004; Heidenblad et al., 
2008; Hurst et al., 2008; Oeggerli et al., 2004, 2006; Olsson et al., 2007). 
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Fig. 1. Molecular pathways of BCa development and progression 

Non-muscle invasive and muscle-invasive BCa fundamentally differ in their geno- and 

phenotypes. Varying genetic aberrations as well as the occurrence of p53 mutations in the 

normal urothelium are of crucial importance, which route of tumor progression will be 

followed. Carcinoma in situ (CIS) or muscle-invasive BCa, which may emerge from dysplasia 

of the urothelium, possess generally a high risk of progression. Papillary, non-muscle 

invasive Ta tumors, which are characterized by a high risk of recurrence and a lower risk of 

progression, rather develop from hyperplasia of the urothelium. 

Abbreviations: 9p- / 9q- – loss of the short / long arm of chromosome 9, BCa – bladder 

cancer, CIS – Carcinoma in situ, ECM – extracellular matrix, HG-Ta – high grade Ta tumor, 

LG-Ta – low grade Ta tumor, T1 to T4 – tumor stages 1 to 4. 

During progression and metastasis profound changes of regulatory networks involving the 

extracellular matrix (ECM), cell adhesion and migration, attraction of blood vessels and 

neovascularization occur, which characterize advanced tumor stages (Mitra & Cote, 2009). 

These processes comprise alterations in the regulation of cadherins, which are responsible 

for epithelial cell-cell adhesion, and matrix metalloproteinases (MMPs), which play an 

important role in the ECM-degradation as prerequisite for tumor cell migration (Mitra & 

Cote, 2009; Slaton et al., 2004; Wallard et al., 2006). Angiogenesis is driven by angiogenic 

factors such as the vascular endothelial growth factor (VEGF), one of the key factors responsible 

for tumor progression (Crew, 1999a). 
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3. Alterations in cell cycle regulation 

Correct course of cell cycle is controlled by the p53 and RB1 pathways that are tightly linked 
with each other and influence regulation of apoptosis, signal transduction and gene 
expression [Fig.2]. The TSG p53, the central regulator of these processes, is located on 
chromosome 17p13.1, a region that is affected by allelic loss more frequently in BCa of 
higher stage and grade (Knowles, 2008; Olumi et al., 1990). Parallel to the loss of one 17p 
allele, frequently occurring mutations lead to the inactivation of the tumor suppressor p53 
(Cordon-Cardo et al., 1994; Dalbagni et al., 1993; Sidransky et al., 1991). Mutated p53 
becomes resistant to degradation and due to this longer stability detectable in the nucleus by 
immunohistochemistry (Dalbagni et al., 1993; Esrig et al., 1993). Such mutations were 
observed with a high frequency in BCa of higher stage and grade (Dalbagni et al., 1993; 
Esrig et al., 1993; Fujimoto et al., 1992; Puzio-Kuter et al., 2009; Serizawa et al., 2011; 
Sidransky et al., 1991). Therefore, the assessment of the nuclear immunoreactivity of altered 
p53 facilitates prognostic conclusions (Esrig et al., 1993; Kuczyk et al., 1995; Sarkis et al., 
1993, 1995; Serth et al., 1995). Particularly for invasive, but still organ-confined BCa without 
metastasis (T1-2b N0 M0) and also for advanced BCa p53 is of prognostic importance with 
regard to the prediction of recurrence and cancer-specific mortality after radical cystectomy 
(Shariat et al., 2009a, 2009b). Nevertheless, nuclear accumulation and mutations of p53 
provide differing contribution to the prediction of the outcome. Mutations and altered 
protein stability of p53 lead to worst prognosis compared to patients with one of these 
events and to patients with wild-type p53 and unchanged protein stability, who showed a 
more favorable outcome (George et al., 2007). 
Interestingly, a study on BCa patients without evidence of distant metastases suggested that 

tumors harboring p53 mutations are more susceptible to adjuvant chemotherapy containing 

DNA-damaging agents such as e.g. cisplatin and doxorubicin (Cote et al., 1997). Possibly, 

these chemotherapeutics induce apoptosis in p53-mutated cells by uncoupling of the S and 

M cell cycle phases (Waldman et al., 1996). These observations built the basis for a large 

international multicenter clinical trial dealing with the assessment of response rates of high-

risk patients with organ-confined invasive BCa to a chemotherapy containing DNA-

damaging agents (Mitra et al., 2007). However, first data analysis did not confirm the 

predictive value of p53 immunohistochemistry (Stadler, 2009). 

Wild-type p53 controls cell cycle progression at G1-S transition by transcriptional activation 
of p21WAF1 (CDKN1A), a cyclin-dependent kinase inhibitor (CDKI) that additionally can be 
regulated by p53-independent mechanisms (El-Deiry et al., 1993; Michieli et al., 1994; Parker 
et al., 1995; Stein et al., 1998). As potent CDKI, p21Waf1 inhibits the activity of cyclin-CDK2 or 
-CDK4 complexes, and thus functions as a regulator of cell cycle progression at G1 (Mitra et 
al., 2007). Loss or under-expression of p21Waf1 appears to have impact on tumor progression 
and consequently on the outcome of the patients (Stein et al., 1998). Patients with wild-type 
p53 and p21Waf1 positivity had the best prognosis whereas patients with altered p53 and 
maintained p21Waf1 expression displayed worse outcome and patients with altered p53 and 
lack of p21Waf1 showed the highest rate of recurrence and worst survival (Stein et al., 1998). 
MDM2, located on chromosome 12q14.3-q15, is another component involved in the 
regulatory network of p53 and an indispensable factor for the feedback control of p53 
stability. Transcription of MDM2 is induced by p53. In the form of an autoregulatory loop, 
MDM2 can build a complex with p53 and transports it to the proteasome for degradation 
(Mitra & Cote, 2009; Wu et al., 1993, 2005). 
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Degraded p53 in turn causes reduction in MDM2 levels, but this can be bypassed by MDM2 

gene amplification, which is observed approximately in 5% of the BCa with an increased 

frequency in tumors of higher stage and grade (Simon et al., 2002). Additionally, MDM2 

overexpression is a common event in BCa in strong association with p53 nuclear 

immunoreactivity (Lianes et al., 1994; Lu et al., 2002; Pfister et al., 1999, 2000). A combined 

assessment of alterations of p53, p21Waf1 and MDM2 revealed that patients with mutant p53 

and/or p53 nuclear overexpression, loss of p21Waf1 and MDM2 nuclear overexpression 

exhibited the worst outcome (Lu et al., 2002). Furthermore, a specific SNP at nucleotide 

position 309 in the MDM2 promoter region was evaluated for prognostic and predictive 

purposes. It can predict a poor outcome particularly in conjunction with the mutation and 

SNP status of p53 (Horikawa et al., 2008b; Sanchez-Carbayo et al., 2007; Shinohara et al., 

2009). 

The chromosomal region 9q21, which is frequently lost in non-muscle invasive and in 

muscle-invasive BCa, harbors the gene locus CDKN2A (cyclin-dependent kinase inhibitor 2A) 

whose transcription results in two different splice variants, p14ARF and p16INK4A (Knowles, 

2008; Quelle et al., 1995; S.G. Williams & Stein, 2004). Normally, p14ARF is induced by the 

transcription factor E2F and can inhibit transcription of MDM2 thereby blocking the MDM2-

induced p53 degradation (S.G. Williams & Stein, 2004). Thus, p14ARF builds a link between 

the p53 and the RB1 pathways. The expression of the splice variant p14ARF is predominantly 

reduced by homozygous deletions and also by promoter hypermethylation in BCa (Chang 

et al., 2003; Dominguez et al., 2003; Kawamoto et al., 2006; W.J. Kim & Quan, 2005). 

The gene product of the other splice variant, p16INK4A, normally functions as CDKI by 

blocking the cyclin D-CDK4/6-mediated phosphorylation of the RB1 protein thereby 

maintaining it in its active hypophosphorylated state and preventing exit from the G1 phase 

(Quelle et al., 1995; Serrano et al., 1993). In a study on BCa of all stages and grades 

homozygous deletion of p16INK4A was observed in a lower frequency than of p14ARF (Chang 

et al., 2003). In another study on non-muscle invasive BCa a higher risk of recurrence was 

found for homozygous deletion of the CDKN2A gene where loss of both splice variants 

p14ARF and p16INK4A correlated with clinicopathological parameters of a worse prognosis 

due to the potential deregulation of both the p53 and RB1 pathways (Orlow et al., 1999). 

Additionally, hypermethylation in the promoter region of p16INK4A was reported for BCa in 

a range of 6-60% (Chang et al., 2003; Chapman et al., 2005; Dominguez et al., 2003; 

Kawamoto et al., 2006; W.J. Kim & Quan, 2005; Orlow et al., 1999). Loss of p16INK4A protein 

expression in T1 tumors correlated significantly with a reduced progression-free survival 

and was an independent predictor of tumor progression (Kruger et al., 2005). In another 

study, aberrant p16INK4A protein expression was found to be an adverse prognostic factor 

only in T3-T4 tumors whereas abnormal immunoreactivity of p53 and p16INK4A was 

identified as an independent predictor of reduced survival for all muscle-invasive BCa 

(Korkolopoulou et al., 2001). 

Concluding data on BCa, homozygous deletions in the CDKN2A gene were not associated 

with tumor stage or grade supporting the hypothesis that chromosomal alteration of 9p21 is 

an early event in bladder carcinogenesis (Berggren et al., 2003). Nevertheless, aberrant 

methylation of p14ARF and p16INK4A occurs more frequently in muscle-invasive than in non-

muscle invasive BCa and seems to be associated with adverse clincopathological parameters 

as well as with a poor outcome (Dominguez et al., 2003; Kawamoto et al., 2006). 
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The CDKN2B gene located adjacent to CDKN2A on 9p21 encodes the CDKI p15INK4B, which 
inhibits cyclin D1-CDK4/6 complexes similar to p16INK4A (Orlow et al., 1995). In contrast to 
p16INK4A no association was observed between the expression and promoter methylation 
status of p15INK4B whereas the rate of chromosomal alterations was comparable (M.W. Chan 
et al., 2002; Gonzalez-Zulueta et al., 1995; Le Frere-Belda et al., 2004; Orlow et al., 1995). 
Decreased p15INK4B mRNA expression was only observed in non-muscle invasive BCa; in 
muscle invasive BCa p15INK4B expression varied widely (Le Frere-Belda et al., 2001). The 
authors concluded that decreased p15INK4B expression might be an important step in early 
neoplastic transformation of the urothelium and could be caused by other mechanisms than 
deletion or promoter hypermethylation (Le Frere-Belda et al., 2001). 
The potential TSG p27Kip1 (CDKN1B) is located on chromosome 12p13.1-p12 and belongs to 
the Kip1 family of CDKIs. It inhibits cyclin D-CDK4/6 and cyclin E/A-CDK2 complexes 
consequently preventing RB1 hyperphosphorylation (Coats et al., 1996; Polyak et al., 1994). 
The prognostic value of p27Kip1 was analyzed in several immunohistochemistry studies on 
non-muscle and muscle-invasive BCa which revealed that this factor is preferentially 
expressed in early stage BCa (Franke et al., 2000; Korkolopoulou et al., 2000; Rabbani et al., 
2007). In non-muscle invasive BCa expression of p27Kip1 decreased significantly with 
increasing grade and a significant correlation between low p27Kip1 expression and shorter 
disease-free survival and overall survival was observed, facts that support the hypothesis 
that loss of p27Kip1 confers a selective growth advantage to tumor cells (Kamai et al., 2001; 
Korkolopoulou et al., 2000; Migaldi et al., 2000; Sgambato et al., 1999). However, some 
studies on non-muscle invasive and/or muscle-invasive BCa did not reveal a significant 
association between the loss of p27Kip1 and outcome (Doganay et al., 2003; Franke et al., 2000; 
Kuczyk et al., 1999), whereas other reports showed that a decreased expression of p27Kip1 
significantly correlated with worse prognosis (Kamai et al., 2001; Rabbani & Cordon-Cardo, 
2000). 
Another central pathway influencing cell cycle progression is the regulatory network 

around the nuclear phosphoprotein RB1, a TSG located on chromosome 13q14 (Cairns et al., 

1991; Mitra et al., 2007; Takahashi et al., 1991; S.G. Williams & Stein, 2004). RB1 in its 

physiological active, hypophosphorylated form inhibits cell cycle progression at the G1-S 

checkpoint by sequestering transcription factors of the E2F family (Chellappan et al., 1991; 

Fung et al., 1987; Hiebert et al., 1992; Mihara et al., 1989). Hyperphosphorylation of RB1 

abolishes its cell cycle-inhibitory activity by the release of E2F transcription factors leading 

to transcription of genes involved in DNA synthesis and progression through mitosis 

(Degregori et al., 1995; Hernando et al., 2004; Mitra et al., 2007). RB1 becomes 

hyperphosphorylated by different cyclin-CDK complexes, such as cyclin D1-CDK4/6 and 

cyclin E-CDK2, which in turn can be inhibited by specific CDKIs, such as p16INK4A, p21Waf1 

and p27Kip1. The phosphorylation-mediated inactivation of RB1 can be the consequence of 

the already described loss of different CDKIs (Mitra et al., 2007). 

In addition, mutations and LOH events in the RB1 gene can also lead to loss of RB1 

expression and consequently to unregulated cellular proliferation (Miyamoto et al., 1995; 

Wada et al., 2000; Xu et al., 1993). Therefore, both aberrant RB1 down-regulation and 

dominance of the hyperphosphorylated inactive RB1 can be associated with tumor 

progression (Cote et al., 1998). For BCa, the proportion of RB1 alterations due to loss or 

inactivation was reported to increase with tumor stage and grade (Cairns et al., 1991; 

Ishikawa et al., 1991; Wada et al., 2000; Xu et al., 1993). 
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Particularly muscle-invasive, advanced BCa with an altered RB1 expression had a more 
aggressive behavior reflected by significantly decreased survival (Cordon-Cardo et al., 1992; 
Cote et al., 1998; Logothetis et al., 1992). 
Regarding both p53 and RB1 − the key players of cell cycle regulation − as well as the other 

components of this regulatory network, a combined analysis of multiple factors seems to be 

reasonable. Therefore, a multitude of comprehensive immunohistochemical analyses of 

different cell cycle regulators such as p53, RB1, MDM2, cyclin D1 and E, p14ARF, p16INK4A, 

p21Waf1, p27Kip1, Ki67 and PCNA (proliferating cell nuclear antigen) were performed on tissue 

specimens originating from non-muscle invasive and muscle-invasive BCa (Brunner et al., 

2008; Cordon-Cardo et al., 1997; Cote et al., 1998; Grossman et al., 1998; Hitchings et al., 

2004; Kamai et al., 2001; Korkolopoulou et al., 2000; Lu et al., 2002; Migaldi et al., 2000; 

Niehans et al., 1999; Pfister et al., 1999, 2000; Sarkar et al., 2000; Shariat et al., 2004, 2006, 

2007a, 2007b, 2007c; 2007d, 2009a; Tut et al., 2001). 
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CDK2
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Fig. 2. Simplified illustration of the interactive network between the p53 & RB1 pathways 

Transcription of MDM2 is induced by p53. In the form of an autoregulatory loop, MDM2 

conveys p53 by ubiquitination to proteasomal degradation. Degraded p53 in turn causes 

reduction in MDM2 levels. Wild-type p53 can induce transcription of the CDKI p21WAF1, 

which inhibits the activity of cyclin-CDK2 or -CDK4 complexes similar to the CDKI p15INK4B, 

p16INK4A and p27Kip1. When RB1 gets hyperphosphorylated by different cyclin-CDK 

complexes bound E2F transcription factors are released leading to the induction of cell 

cycle-promoting genes, but also to transcription of p14ARF, which can inhibit MDM2. 

Abbreviations: CDK – cyclin-dependent kinase, CDKI – cyclin-dependent kinase inhibitor, 

E2F – E2F transcription factors, MDM2 – Mdm2 p53 binding protein homolog (mouse), p14ARF 

and p16 INK4A – splice variants of the cyclin-dependent kinase inhibitor 2A gene, p15INK4B – 

cyclin-dependent kinase inhibitor 2B, p27Kip1 – cyclin-dependent kinase inhibitor 1B, RB1 – 

retinoblastoma 1. 

The bottom line of most of these studies is that changes in gene expression, which can be 
caused by chromosomal alterations, promoter hypermethylation or altered regulation of 
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transcriptional induction, as well as alterations of stability, modification and activity of the 
different involved factors contribute to deregulation of the complex processes during cell 
cycle progression. The number of altered components correlates with the severity of 
dysfunction and deregulation finally leading to increased aggressiveness of the tumor and 
to worse prognosis. Most promising candidates, when analyzed in parallel with regard to 
prediction of the outcome of BCa patients, seem to be p53, RB1, p16INK4A, p21Waf1, p27Kip1 
and the proliferation marker Ki67. This prognostic information can support the stratification 
of the tumors according to their aggressiveness and the selection of adapted treatment 
options (Grossman et al., 1998). 

4. Deregulation of cell death pathways 

Course of development, cell differentiation and homeostasis is normally regulated by the 
tight control of cell death pathways [Fig.3]. This programmed cell death, the apoptosis, is 
usually induced by a variety of extra- and intracellular stimuli and is mediated by a complex 
arrangement of sensors, regulators and effectors whose interactions are frequently 
perturbed in tumor cells. Failure of apoptosis permits mutated cells to continue progression 
through the cell cycle, to accumulate mutations and to increase molecular deregulations. 
The resulting unrestricted propagation of active oncogenes and defective TSG finally leads 
to the uncontrolled proliferation and spread of these abnormal cells (Bryan et al., 2005a; 
Duggan et al., 2001; Mcknight et al., 2005). Defects and deregulation in the extrinsic and in 
the intrinsic apoptotic pathways contribute to development and progression of many 
tumors including BCa and are also the main reason for therapeutic failure. Particularly, 
defective p53 fails as detector of DNA damage and main inductor of apoptosis, when DNA 
repair was not achieved (Duggan et al., 2001). 
The extrinsic apoptotic pathway is induced through the stimulation of cell surface death 

receptors by their corresponding ligands while the intrinsic pathway is switched on by the 

disruption of mitochondrial membranes. There is a cross-talk between both routes that 

finally lead to the cleavage of cellular proteins by caspases and subsequently to the 

degradation of the cells by gradual destruction of cellular components (Mcknight et al., 

2005). 

Transmembrane death receptors, such as FAS (CD95, APO-1), TNFR1, TRAILR1 or 

TRAILR2, belong to the tumor necrosis factor (TNF) receptor superfamily and contain an 

intracellular death domain. After binding of the respective ligands, such as FAS ligand, 

TNF or TRAIL, extracellular death signals are transmitted via these domains by formation 

of a death-inducing signaling complex that activates the initiator caspases 8 and 10 

(Mcknight et al., 2005; Mitra & Cote, 2009). Impairment of this processes was reported in 

BCa e.g. for FAS-mediated apoptosis that might be caused by mutation or decreased 

expression of FAS, which is associated with disease progression and poor outcome (Lee et 

al., 1999; Mcknight et al., 2005; Yamana et al., 2005). An alternative splice variant of FAS 

results in circulating soluble FAS that can capture the respective ligands and consequently 

prevent the normal death signal transduction. Soluble FAS, which was detected in serum 

and also in urine samples from BCa patients, could serve as predictor of recurrence and 

progression of BCa (Mizutani et al., 2001; Svatek et al., 2006). 

The intrinsic or mitochondrial induced apoptotic pathway can be initiated by DNA damage 
or different cellular stress signals (Mcknight et al., 2005). The BCL2 (B-cell CLL/lymphoma 2) 
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family, which plays a crucial role in the intrinsic apoptotic pathway, consists of anti-
apoptotic members, such as BCL2 and BCLXL (BCL2-like 1), as well as of pro-apoptotic 
members, such as BAX (BCL2-associated X protein), BID (BH3 interacting domain death agonist) 
and BAD (BCL2-associated agonist of cell death). BCL2 is an integral protein of the outer 
mitochondrial membrane that is involved in the control of ion channels, inhibition of 
cytochrome c release from the mitochondria or modulation of caspase activation (Mcknight 
et al., 2005; Mitra & Cote, 2009). 
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Fig. 3. Simplified illustration of the apoptotic cell death pathways 
The extrinsic apoptotic pathway is induced through stimulation of cell surface death 
receptors by their corresponding ligands. The intrinsic mitochondrial route of apoptosis is 
initiated by DNA damage and cellular stress signals. Both pathways are interconnected and 
lead to the caspase-mediated cleavage of cellular proteins and consequently to the gradual 
degradation of further cellular components and cellular destruction. 
Abbreviations: AIF – apoptosis-inducing factor, APAF1 – apoptotic peptidase activating factor 1, 
ATP – adenosine-5'-triphosphate, BAD – BCL2-associated agonist of cell death, BAX – BCL2-
associated X protein, BCL2 – B-cell CLL/lymphoma 2, BCLXL – BCL2-like 1, BID – BH3 
interacting domain death agonist, CASP – caspase, Cyto C – cytochrome c, DNA – 
deoxyribonucleic acid, FADD – Fas-associated via death domain, FAS – Fas (TNF receptor 
superfamily, member 6), FASLG – Fas ligand, FLIP – FLICE-inhibitory protein, IAP – inhibitors of 
apoptosis, RIP1 – receptor interacting protein 1, SMAC – second mitochondria-derived activator of 
caspase, TNFR – tumor necrosis factor receptor, TRADD – TNFR1-associated death domain protein, 
TRAF2 – TNF receptor-associated factor 2, TRAIL – TNF-related apoptosis inducing ligand. 
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The export of cytochrome c into the cytoplasm and its binding to APAF1 (apoptotic peptidase 
activating factor 1) together with ATP induces the formation of apoptosomes that can cleave 
and activate pro-caspase 9. Subsequently, caspase 9 activates the effector caspases 3 and 7, 
which can be alternatively activated in the extrinsic pathway by the initiator caspases 8 and 
10 as mentioned above. This caspase cascade finally commits the cell to apoptosis by 
gradual degradation of cellular proteins (Mcknight et al., 2005; Mitra & Cote, 2009). 
BCL2 can block the apoptotic death and thereby trigger tumor recurrence and progression 
as well as mediate resistance to chemotherapy and radiation (Duggan et al., 2001). Different 
studies on non-muscle invasive and muscle-invasive BCa showed, that BCL2 was up-
regulated in a varying number of the analyzed cases ranging from 41 to 63% (Cooke et al., 
2000; Korkolopoulou et al., 2002; Liukkonen et al., 1997; Maluf et al., 2006; Ong et al., 2001). 
This BCL2 up-regulation correlated only partially with tumor stage and grade, but was 
frequently indicative for patients with poor prognosis after chemo- and/or radiotherapy 
(Cooke et al., 2000; Hussain et al., 2003; Ong et al., 2001; Pollack et al., 1997). Expression 
analyses of BCL2 together with other prognostic markers such as p53 and MDM2 revealed 
their usefulness as complementary predictors of survival of patients with non-muscle 
invasive and muscle-invasive BCa (Gonzalez-Campora et al., 2007; Maluf et al., 2006; Ong et 
al., 2001; Wolf et al., 2001). 
Furthermore, the ratio between the anti-apoptotic factor BCL2 and the pro-apoptotic factor 
BAX seems to act as a cellular rheostat that might be predictive for a cell’s response toward 
life or death after an apoptotic stimulus (Gazzaniga et al., 1996). BAX can be activated by 
BID that in turn can be induced by the initiator caspase 8. BAX forms a heterodimer with 
BCL2 and functions as an apoptotic activator by increasing the opening of the mitochondrial 
voltage-dependent anion channel (VDAC), which leads to the loss in membrane potential and 
the release of cytochrome c. The predominant expression of BCL2 over that of BAX 
correlated with a worse outcome and shorter time to relapse in low grade and non-muscle 
invasive BCa (Gazzaniga et al., 1996, 2003). 
Apoptotic cell death can also be hampered by members of the IAP (inhibitor of apoptosis 

proteins) family that are also known as baculoviral IAP repeat-containing (BIRC) proteins. 

With regard to BCa, survivin (BIRC5) is the most interesting IAP since it can serve as 

diagnostic, prognostic and predictive marker (Margulis et al., 2008). Survivin inhibits 

apoptosis, promotes cell proliferation and enhances angiogenesis leading to its prominent 

role for tumor onset and progression in general and in particular for BCa (Margulis et al., 

2008). For this tumor entity, high survivin expression at mRNA and protein levels is 

associated with advanced tumor grade and stage as well as with affection of lymph nodes 

(Karam et al., 2007a; I.J. Schultz et al., 2003; Shariat et al., 2007a; Swana et al., 1999; Weikert 

et al., 2005a). Survivin may serve either alone or together with other markers, such as p53, 

BCL2 and caspase 3, as a significant predictor of disease recurrence, progression and/or 

mortality after transurethral resection or radical cystectomy (Gonzalez et al., 2008; Karam et 

al., 2007a; 2007b; Ku et al., 2004; Shariat et al., 2007a). Response to chemo- and radiotherapy 

could also be estimated by the use of survivin as a predictive marker in BCa patients 

(Hausladen et al., 2003; Weiss et al., 2009). 

For XIAP (X-linked inhibitor of apoptosis / BIRC4), which can directly inhibit the action of 
caspase 3, 7 and 9 and also interfere with the TNFR-associated cell death signaling, an up-
regulation and association with an earlier recurrence was described in non-muscle invasive 
BCa (Dubrez-Daloz et al., 2008; Li et al., 2007). 
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Another IAP – cIAP2 (BIRC3) – that regulates apoptosis by binding to the TNFR-associated 
factors TRAF1 and TRAF2, has been shown to provoke chemoresistance when overexpressed 
in BCa cell lines (Jonsson et al., 2003). In expression analyses of livin (BIRC7) in tissue 

specimens from non-muscle invasive BCa only its anti-apoptotic isoform was detected 
which was significantly associated with BCa relapse (Gazzaniga et al., 2003; Liu et al., 2009). 

5. Immortalization of tumor cells – importance of the human telomerase 

Activation of the human telomerase represents a very early event during the development 
of malignant tumors that leads to immortalization and as a consequence to the capability for 
unlimited division of tumor cells (Hiyama & Hiyama, 2002). Telomeres, the ends of 
eukaryotic chromosomes, normally get truncated during each cell division until they reach a 
critical length. This results in a severe impairment of the division capability leading to 
senescence of the cells (Harley, 1991). This senescence and the consequential cell death can 
be bypassed through activation of the telomerase ribonucleoprotein complex, since its 
catalytic subunit TERT (telomerase reverse transcriptase) supports the continuous prolongation 
of telomeres (Blackburn, 2005). Most of the differentiated somatic cells do not possess 
telomerase activity, whereas germline and stem cells as well as tumor cells frequently are 
telomerase-positive (Hiyama & Hiyama, 2002; N.W. Kim et al., 1994). 
Several studies proved that TERT as well as the telomerase RNA component (TERC) represent 
essential subunits of the telomerase complex, but only TERT is specifically induced in cancer 
and functions as limiting factor of the enzymatic telomerase activity (Ito et al., 1998; 
Meyerson et al., 1997). Nevertheless, TERT protects the chromosomal ends also 
independently from its catalytic activity through its so-called capping function thereby 
providing tumor cells with further survival benefit (Blackburn, 2005; Blasco, 2002; S.W. 
Chan & Blackburn, 2002). 
For most tumors it remains unclear whether TERT expression originates from telomerase-
positive tumor stem cells or from the activation of the gene during tumorigenesis. A number 
of transcription factors, tumor suppressors, cell cycle inhibitors, hormones, cytokines and 
oncogenes have been implicated in the control of TERT expression but without providing a 
clear explanation for the tumor-specific TERT activity so far (Ducrest et al., 2002; Kyo et al., 
2008). 
Definitely, a tumor-specific activation of the telomerase complex is detectable in the majority 
of BCa. In contrast to telomerase-negative normal urothelium cells, > 90% of the analyzed 
BCa tissue specimens displayed a high expression and activity of telomerase (de Kok et al., 
2000a; Heine et al., 1998; Hiyama & Hiyama, 2002; Ito et al., 1998; Lin et al., 1996; Muller, 
2002). Therefore, the detection of TERT expression or the determination of telomerase 
activity in tissue or urine samples from patients suspected of having BCa is very useful for 
tumor detection (Alvarez & Lokeshwar, 2007; Glas et al., 2003; Muller, 2002; Weikert et al., 
2005b). Possibly, quantitative determination of the TERT transcript levels in urine or bladder 
washings can support the prediction of recurrent BCa (Brems-Eskildsen et al., 2010; de Kok 
et al., 2000b). 

6. Alterations in cell growth signaling 

Cell growth signaling is transduced from the cell surface to the nucleus by different 

signaling cascades which can be altered and disturbed in tumor cells at different levels 
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leading to uncontrolled cell growth and proliferation [Fig.4]. In principle, peptide growth 

factors bind to their corresponding growth factor receptors on the cell surface leading to 

receptor activation and via several signal transduction events to the activation of 

downstream factors (RAS and RAF1). Through the subsequent activation of the MAPK 

pathway several transcription factors, such as MYC (v-myc myelocytomatosis viral oncogene 

homolog (avian)) or ELK1 (ETS-like transcription factor 1), are induced, which finally regulate 

the expression of growth-promoting genes. Transmission of extracellular growth signals can 

be altered in tumor cells at different levels of these cascades, e.g. by an abnormally increased 

supply of growth factors or by amplification, mutation or alternative up-regulation of the 

growth factor receptors leading to their constitutive, excessive and uncontrolled activity 

(Hanahan & Weinberg, 2000). Mutations or other regulatory alterations affecting 

downstream targets, such as members of the RAS family, can additionally provide tumor 

cells with an increased growth potential (Jebar et al., 2005; Knowles, 2008).  

FGFR3, one of the four members of the FGFR family, is constitutively activated by different 

mutations, which are found in approximately 70% of low-grade Ta and to a much lower 

extent of 10-20% in muscle-invasive BCa (Bakkar et al., 2003; Billerey et al., 2001; Hernandez 

et al., 2006; Jebar et al., 2005; Junker et al., 2008; Knowles, 2008; Kompier et al., 2010a; Rieger-

Christ et al., 2003; Van Oers et al., 2007; Van Rhijn et al., 2004). The most frequent mutations 

lead to amino acid substitutions to cysteine residues which can build covalent disulfide 

bonds mimicking dimerization and thereby activation of the receptor (Kompier et al., 

2010b). Mutated FGFR3 correlates with favorable disease parameters and improved survival 

(Kompier et al., 2010b; Van Oers et al., 2007, 2009; Van Rhijn et al., 2001, 2004, 2010). In a 

recent multicenter study, the so called molecular grade, a combination of the FGFR3 

mutation status and the proliferation marker Ki67, could improve the predictive accuracy of 

the EORTC (European Organisation for Research and Treatment of Cancer) risk scores for 

progression (Van Rhijn et al., 2010). 

Mutated FGFR3 leads to the activation of the RAS-MAPK-pathway and consequently to an 

augmented transduction of growth signals. RAS mutations are found in BCa with an overall 

frequency of approximately 10-15% and do not depend on tumor grade or stage, (Jebar et 

al., 2005; Knowles, 2008; Kompier et al., 2010a; Oxford & Theodorescu, 2003; Serizawa et al., 

2011). Such mutations occur in all three RAS genes (HRAS, NRAS and KRAS) whereby 

HRAS is affected most frequently (Jebar et al., 2005). Interestingly, simultaneous mutations 

in FGFR3 and RAS, both resulting in the activation of the same pathway, are very 

uncommon and rather occur mutually exclusive (Jebar et al., 2005). Thus, low grade and Ta 

tumors harbor mutations either of FGFR3 or HRAS in more than 80% of the cases reflecting 

the necessity of constitutive activation of the MAPK pathway for non muscle-invasive BCa 

(Jebar et al., 2005; Knowles, 2008). 

Additionally, the up-regulation of FGFs can contribute to the pathogenesis of cancer (Bryan 

et al., 2005a). Levels of FGF1 (acidic FGF) in urine samples correlated with tumor stage 

(Chopin et al., 1993). An association with an increased tumor stage and early local 

recurrence was shown for the expression of FGF2 (basic FGF) (Bryan et al., 2005a; Gazzaniga 

et al., 1999). 

The epidermal growth factor (EGF) receptor family comprising EGFR (ERBB1), ERBB2 
(HER-2/neu), ERBB3 (HER3) and ERBB4 (HER4) represents another tyrosine kinase 
receptor family involved in growth signaling in BCa cells that can also transduce 
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extracelluar growth signals via the RAS-MAPK pathway or alternatively via the 
phosphatidylinositol 3-kinase (PIK3)-Akt pathway (Bryan et al., 2005a; Mitra & Cote, 2009). 
Expression at mRNA and protein level of all members of the EGFR family was observed in 
BCa specimens but with varying patterns of coexpression and differing prognostic impact, 
possibly depending on the size and composition of the patients cohorts and the detection 
techniques used in the different studies (Amsellem-Ouazana et al., 2006; Chow et al., 2001; 
Chow et al., 1997b; Forster et al., 2011; Junttila et al., 2003; Kassouf et al., 2008; Memon et al., 
2006; Rotterud et al., 2005). Increased expression of EGFR and ERBB2 has been observed in a 
number of studies (Black & Dinney, 2008; Mitra & Cote, 2009). Many of these analyses 
revealed a correlation between increased levels of these two receptors and parameters of 
high risk tumors or of a poor prognosis for BCa patients (Black & Dinney, 2008; Mitra & 
Cote, 2009). 
Several studies analyzed the BCa-related impact of growth factors activating EGFR, which 

comprise EGF, TGF(transforming growth factor alpha), HB-EGF (heparin-binding EGF-like 

growth factor), epiregulin and others. Levels of TGF in tissue samples and urine specimens 
from BCa patients correlated strongly with poor prognosis (Gazzaniga et al., 1998; Ravery et 
al., 1997; Thogersen et al., 2001; Turkeri et al., 1998). An association with tumor recurrence 
was also observed for EGF in BCa tissues, but not for urinary EGF (Chow et al., 1997a; 
Turkeri et al., 1998). Further studies revealed also an inverse correlation between the 
expression of epiregulin or nuclear HB-EGF and the survival of BCa patients (Adam et al., 
2003; Kramer et al., 2007; Thogersen et al., 2001). 
Another growth signaling pathway profoundly altered in many tumor entities including 

BCa is that of VEGF. This pathway is predominantly involved in the regulation of 

angiogenesis through the attraction and direction of blood vessels to the tumor by VEGF, 

which is secreted by tumor cells (Sato et al., 1998). Additionally, an autocrine function of 

VEGF in direct activation of the tumor cells themselves is assumed due to the observed up-

regulation of different VEGF receptors such as FLT1 (VEGFR1) and KDR (VEGFR2 = FLK1) 

in BCa (Black & Dinney, 2008; Sato et al., 1998; Xia et al., 2006). An increased expression of 

KDR in BCa patients correlated with higher disease stage, muscle invasion and lymph node 

metastasis (Mitra et al., 2006; Xia et al., 2006). 

PIK3CA (phosphoinositide-3-kinase catalytic subunit alpha) is part of the Akt signaling pathway 

and in this way also involved in the transformation of extracellular growth signals into an 

increased potential of cell proliferation and survival. PIK3CA mutations with an overall 

frequency of 13-25% seem to be a common event that occurs early in bladder carcinogenesis 

(Kompier et al., 2010a; Lopez-Knowles et al., 2006; Platt et al., 2009; Serizawa et al., 2011). A 

correlation with low stage and grade was observed in several studies (Lopez-Knowles et al., 

2006; Serizawa et al., 2011). Interestingly, PIK3CA mutations were shown to be strongly 

associated with FGFR3 mutations possibly indicating cooperative oncogenic effects 

(Castillo-Martin et al., 2010; Kompier et al., 2010a; Lopez-Knowles et al., 2006; Serizawa et 

al., 2011). However, PIK3CA mutations showed no correlation with progression or disease-

specific survival (Kompier et al., 2010a). 

PTEN (phosphatase and tensin homolog), which is a phosphatidylinositol-3,4,5-trisphosphate 3-

phosphatase and as such a negative regulator of the PIK3/Akt signaling pathway, acts by 

this way as a TSG. The PTEN gene located on 10q23.3 is frequently inactivated by 

chromosomal loss and mutations in a number of malignant tumors including BCa (Aveyard 

et al., 1999; Cairns et al., 1998; Knowles et al., 2009; Platt et al., 2009; Teng et al., 1997). The rate 
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of LOH events and allelic imbalances in a chromosomal region including the PTEN gene is 

with 23-32% in muscle-invasive BCa notably higher than in non-muscle invasive BCa 

(Aveyard et al., 1999; Cappellen et al., 1997; Knowles et al., 2009). Nevertheless, mutations in 

the retained PTEN allele or homozygous deletions do not occur very frequently indicating the 

existence of further mechanisms of PTEN inactivation (Aveyard et al., 1999; Cairns et al., 1998; 

Platt et al., 2009). A reduction in PTEN protein levels in BCa tissue specimens was observed in 

several studies and correlated with higher grade and/or higher stage (Harris et al., 2008; Platt 

et al., 2009; Puzio-Kuter et al., 2009; L. Schultz et al., 2010; Sun et al., 2011; Tsuruta et al., 2006). 

Interestingly, a reduced PTEN expression was related to poor outcome in BCa patients, 

particularly in those displaying alterations of p53 and PTEN (Puzio-Kuter et al., 2009). 
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Fig. 4. Simplified illustration of the principles of growth factor signaling 
Growth factors bind to their corresponding receptors at the cell surface thereby starting 
signaling cascades which transduce the signal through cytoplasmatic factors into the 
nucleus. There, genes supporting survival, proliferation and migration of the tumor cells are 
induced as final consequence. For BCa, the RAS/RAF/MEK/ERK- and the PIK3/AKT-
pathways are of particular importance. 
Abbreviations: Akt – v-akt murine thymoma viral oncogene homolog 1, DNA – deoxyribonucleic 
acid, EGF – epidermal growth factor, ELK – member of ETS oncogene family, ERBB – EGF 
receptor family member, ERK = MAPK1 – mitogen-activated protein kinase 1, FGF – fibroblast 
growth factor, FGFR – FGF receptor family member, GF – growth factor, GFR – growth factor 
receptor, GRB2 – growth factor receptor-bound protein 2, MEK – mitogen-activated protein kinase 
kinase, MYC – v-myc myelocytomatosis viral oncogene homolog, PIK3 – phosphoinositide-3-kinase, 

PKC – protein kinase C, PLC – phospholipase C gamma,  
PTEN – phosphatase and tensin homolog, RAF-1 – v-raf-1 murine leukemia viral oncogene 
homolog 1, RAS – rat sarcoma viral oncogene homolog, SOS – son of sevenless homolog,  
TF – transcription factor, VEGF – vascular endothelial growth factor, VEGFR – VEGF receptor 
family member. 
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The activation of the PIK3 pathway leads to transmission of extracellular growth signals via 

the phosphorylation of the serine-threonine protein kinase Akt (v-akt murine thymoma viral 

oncogene homolog 1) to the activation of several downstream signaling routes resulting in an 

increased proliferation, survival or migration of tumor cells (Wu et al., 2004). Elevated levels 

of phosphorylated Akt (pAkt) compared to normal bladder tissue were observed in 

different immunohistochemical studies on BCa tissue specimens (L. Schultz et al., 2010; Wu 

et al., 2004). Increased detection rates of pAkt correlated significantly with high-grade and 

advanced stage BCa as well as with a poor clinical outcome and survival (Sun et al., 2011). 

Furthermore, Askham et al. reported the detection of a transforming Akt mutation (G49A / 

E17K) in 2.7% of 184 analyzed BCa samples (Askham et al., 2010).  

7. Tumor angiogenesis and metastasis 

Angiogenesis comprises the recruitment and accelerated formation of new blood vessels 

from the surrounding vasculature. After proteolytic degradation of the adjacent ECM 

activated endothelial cells become able to migrate and invade as well as to maturate to 

coalescent, water-tight blood tubules (S.G. Williams & Stein, 2004). This essential 

physiologic process that occurs during development, reproduction and repair is tightly 

controlled by stimulatory and inhibitory regulators. During tumor genesis and progression 

this balance is disturbed by the up-regulation of angiogenic inducers and/or loss of anti-

angiogenic factors which can be secreted by the tumor cells themselves, by neighboring 

tumor-associated stromal cells or by tumor-infiltrating inflammatory cells (S.G. Williams & 

Stein, 2004). Newly formed blood vessels provide the tumor cells with oxygen and nutrients, 

which is an essential prerequisite for rapid tumor growth and also for tumor cell spread 

during metastasis (Mitra & Cote, 2009). A high microvessel density (MVD) in the tumor as 

reflector of angiogenic processes is a strong predictor of a poor outcome of BCa patients 

(Bochner et al., 1995; Canoglu et al., 2004; Chaudhary et al., 1999; Dickinson et al., 1994; 

Hawke et al., 1998; Jaeger et al., 1995; Philp et al., 1996). 

Hypoxia, which is frequently occurring in growing tumors, results in elevated levels of the 

hypoxia-inducible transcription factors HIF-1 and HIF-2. Stability of the HIF-1 subunit  is 

regulated by the cellular oxygen concentration via the inhibition of its oxygen-dependent 

degradation. HIF-1 (HIF1A) can induce transcription of VEGF which in turn stimulates 

tumor vascularization (Mitra & Cote, 2009). In BCa specimens, a significant positive 

correlation between HIF-1, VEGF and MVD was observed (Chai et al., 2008; 

Theodoropoulos et al., 2004). Similar to MVD and VEGF, HIF-1 can serve as indicator of a 

high recurrence rate and short survival of patients with non-muscle invasive and muscle-

invasive BCa (Chai et al., 2008; Palit et al., 2005; Theodoropoulos et al., 2004). Focused on 

non-muscle invasive BCa, HIF-1 overexpression combined with aberrant nuclear p53 

accumulation seemed to indicate an aggressive phenotype with a high risk of progression 

(Theodoropoulos et al., 2005). 

High mRNA expression of VEGF in non-muscle invasive BCa correlated with high 

recurrence and progression rates, particularly in combination with aberrant p53 staining 

(Crew et al., 1997). Elevated VEGF protein levels in urine samples from patients with non-

muscle invasive BCa showed a significant association with tumor recurrence (Crew et al., 

1999b). 
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Elevated VEGF serum levels were observed in BCa patients with high tumor grade and 
stage, with vascular invasion, CIS tumors or distant metastases and correlated with a shorter 
disease-free survival (Bernardini et al., 2001). Furthermore, VEGF expression and MVD in 
biopsy specimens taken prior to therapy were significant predictors of recurrence of muscle-
invasive BCa after neoadjuvant chemotherapy and radical cystectomy (Inoue et al., 2000). 
Increased VEGF levels in tissue samples from patients with locally advanced BCa treated by 
radical cystectomy and chemotherapy (MVAC) were strongly related to poor disease-
specific survival (Slaton et al., 2004). 
Thrombospondin-1 (TSP-1) is an ECM component glycoprotein that functions as potent 
inhibitor of angiogenesis. Expression analyses of this putative tumor suppressor in tissue 
specimens from patients with muscle-invasive BCa who underwent radical cystectomy 
revealed a significant association between low TSP-1 levels and increased recurrence rates as 
well as with a decreased overall survival (Grossfeld et al., 1997). In non-muscle invasive BCa 
a reduced perivascular TSP-1 staining served as independent predictor of progression to 
muscle-invasive or metastatic disease (Goddard et al., 2002). Furthermore, expression of 
angiopoietin 2 (ANG-2), an angiogenic modulator that potentiates angiogenesis in presence of 
VEGF, was identified as a strong and independent predictor of tumor recurrence of non-
muscle invasive BCa (Szarvas et al., 2008).  
The scaffolding ECM serves to maintain endothelial cell function and its degradation is 

mediated amongst others by MMPs. Additionally, MMPs activate the basic and acidic FGF 

(FGF1 and FGF2) as well as the scatter factor (SF; identical to HGF = hepatocyte growth factor) – 

all regulators which promote migration and invasion of endothelial cells as well as of tumor 

cells thereby supporting angiogenesis and metastasis (Mitra & Cote, 2009). These factors are 

also stimulated by plasmin that is proteolytically generated by the urokinase-type plasminogen 

activator (uPA = PLAU = plasminogen activator, urokinase). uPA, which can be induced by VEGF, 

as well as its receptor uPAR (PLAUR= plasminogen activator, urokinase receptor) are also 

involved in ECM degradation, adhesion and migration of tumor cells (Mitra & Cote, 2009). 

Determination of the FGF1 and FGF2 levels in urine samples of patients with BCa revealed 

their prognostic value as indicators of increased disease stage and high rates of local 

recurrence (Chopin et al., 1993; Gazzaniga et al., 1999; Gravas et al., 2004; Nguyen et al., 

1993). SF/HGF levels in urine and serum samples were elevated in BCa patients and related 

particularly to higher tumor stages as well as to metastasis and worse survival (Gohji et al., 

2000; Joseph et al., 1995; Rosen et al., 1997; Wang et al., 2007). The receptor of SF/HFG, the 

met proto-oncogene (MET), was also detected in BCa tissue specimens. Its up-regulation 

correlated with disease progression and poor long-term survival (Cheng et al., 2002, 2005; 

Joseph et al., 1995; Miyata et al., 2009). 

A significant association between the expression of uPA and uPAR was observed in BCa 
tissues; both factors were higher in muscle-invasive than in non-muscle invasive BCa and 
correlated with a worse outcome (Champelovier et al., 2002; Hasui et al., 1994; 
Seddighzadeh et al., 2002). Elevated levels of uPA and uPAR were also detected in urine 
and plasma samples from BCa patients compared to controls without BCa (Casella et al., 
2002; Shariat et al., 2003). Furthermore, increased preoperative uPA plasma levels in BCa 
patients were shown to be indicators of a poor outcome after radical cystectomy (Shariat et 
al., 2003).  
Metastasis is initiated by the ability of the tumor to degrade the ECM and to invade the 
basement membrane followed by the invasion of tumor cells into blood and lymphatic 
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vessels, the path for tumor cell to spread into regional lymph nodes and secondary organs 
(Gontero et al., 2004; Mitra & Cote, 2009). Several key mediators are involved in metastatic 
spread such as cadherins which are located at adherens junctions and desmosomes between 
neighboring cells. Particularly, E-cadherin plays an important role in epithelial cell-cell 
contacts which is mediated by homodimerization and anchoring to the actin cytoskeleton 
via binding to catenins (Bryan et al., 2005b). In BCa patients, a reduced expression of 
E-cadherin was associated with an increased aggressiveness and a higher risk of tumor 
recurrence and progression as well as with a shorter survival (Bringuier et al., 1993; Byrne et 
al., 2001; Mahnken et al., 2005; Mhawech-Fauceglia et al., 2006; Nakopoulou et al., 2000; 

Popov et al., 2000). Immunohistochemical analyses of E-cadherin, - and -catenin revealed 
that loss of these factors can indicate a poor survival of BCa patients (Clairotte et al., 2006; 
Garcia Del Muro et al., 2000; Kashibuchi et al., 2007; Mialhe et al., 1997; Shimazui et al., 
1996). 
In addition, integrins are involved in the regulation of processes linked to tumor cell 
invasion and migration consequently leading to metastasis. Integrins are heterodimeric 
transmembrane glycoproteins on the surface of tumor cells that function as receptors of 
ECM proteins such as laminin and collagen. Thereby, integrins serve as molecular links 
between the ECM and the intracellular actin cytoskeleton and are in this way involved in the 
maintenance of normal tissue architecture (Gontero et al., 2004). Among the numerous 

members of the integrin family 64 integrin, which closely interacts with collagen VII and 
laminin thereby restricting cell migration, is one of the best studied integrins in BCa patients 

(Gontero et al., 2004). Altered expression of 64 integrin was observed in superficial BCa; 

in muscle-invasive BCa loss of 64 integrin and/or collagen VII or lack of their co-

localization was reported (Liebert et al., 1994). BCa patients with weak 64 integrin 
immunoreactivity showed a better outcome than those with either no or strong expression 
(Grossman et al., 2000). 
MMPs and members of the uPA system are proteases involved not only in invasion 
processes of endothelial cells, they are also key factors triggering the invasion of tumor cells 
by degradation of ECM and the basement membrane (Gontero et al., 2004). MMPs are 
frequently overexpressed and secreted in human tumors (Bryan et al., 2005b; Wallard et al., 
2006). Additionally, members of the ADAM (a disintegrin and metalloproteinase domain) family 
have been implicated in cancer progression (Frohlich et al., 2006). An imbalance between 
MMPs and their natural counterparts, the tissue inhibitors of metalloproteases (TIMPs), which 
is frequently observed in tumors, is also assumed to support tumor cell invasion and 
metastasis (Gontero et al., 2004). TIMPs might be paradoxically up-regulated in response to 
the elevation of MMPs levels (Gontero et al., 2004). 
For BCa, MMP-2 and MMP-9 are of particular prognostic importance since increase in their 
tissue levels correlated with higher tumor grade and/or stage (Davies et al., 1993; 
Kanayama et al., 1998; Papathoma et al., 2000). Overexpression of MMP-2 and MMP-9 in 
BCa tissues was associated with disease progression and poor survival (Durkan et al., 2003; 
Vasala et al., 2003). The ratio of the MMP-9 to E-cadherin levels in BCa tissue specimens was 
also useful for prediction of the disease-specific survival of patients with locally advanced 
BCa (Slaton et al., 2004). 
Additionally, poor outcome was reported for BCa patients with high levels of TIMP-2 in 
tumor and/or stromal cells and for patients with increased tissue expression of MMP-2 and 
TIMP-2 or MMP-9 and TIMP-2 (Gakiopoulou et al., 2003; Grignon et al., 1996; Hara et al., 
2001; Kanayama et al., 1998). 
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Higher recurrence rates and poor prognosis were observed in BCa patients with high serum 
levels of MMP-2, MMP-3 or with high ratios of the serum levels of MMP-2 to TIMP-2 (Gohji 
et al., 1996a, 1996b, 1998). MMP-1, MMP-2, MMP-9 and TIMP-1 were also detectable in urine 
samples from BCa patients and correlated with increasing grade and/or stage (Durkan et 
al., 2003; Durkan et al., 2001; Gerhards et al., 2001; Nutt et al., 1998, 2003; Sier et al., 2000). 
Urinary MMP-1 was associated with higher rates of disease progression and death from 
cancer (Durkan et al., 2001). 
ADAM12, a disintegrin and metalloproteinase, that was shown to be up-regulated in BCa 
tissues in association with disease stage, could also be detected in urine samples, where it 
might serve as biomarker reflecting presence of BCa (Frohlich et al., 2006). 

8. Conclusion 

On the basis of specific genetic and molecular patterns two clearly distinguishable types of 
BCa can be defined, which differ in their phenotype and clinical behavior. They mainly 
diverge in the genetic stability and in the presence of alterations in the genes p53 and 
FGFR3. The knowledge of BCa-related genetic and molecular processes provides the basis 
for the development of new diagnostic and therapeutic approaches. Molecular-diagnostic 
assays can be designed for BCa subtypes, e.g. for low grade and low stage tumors, which are 
poorly detectable by the currently used techniques. Furthermore, new BCa subtype-selective 
therapeutics will provide more specific and effective treatment options leading to the 
reduction of tumor recurrence and progression. After successful implementation, both 
aspects will improve clinical outcome of BCa patients and save costs for diagnosis and 
therapy for this tumor type, which are huge compared to other tumor entities. 

9. References 

Aboulkassim, T.O.; LaRue, H.; Lemieux, P.; Rousseau, F. & Fradet, Y. (2003). Alteration of 
the PATCHED locus in superficial bladder cancer. Oncogene, Vol.22, No.19, pp.  
2967-2971 

Adam, R.M.; Danciu, T.; McLellan, D.L.; Borer, J.G.; Lin, J.; Zurakowski, D.; Weinstein, M.H.; 
Rajjayabun, P.H.; Mellon, J.K. & Freeman, M.R. (2003). A nuclear form of the 
heparin-binding epidermal growth factor-like growth factor precursor is a feature 
of aggressive transitional cell carcinoma. Cancer Res, Vol.63, No.2, pp. 484-490 

Alvarez, A. & Lokeshwar, V.B. (2007). Bladder cancer biomarkers: current developments 
and future implementation. Curr Opin Urol, Vol.17, No.5, pp. 341-346 

Amsellem-Ouazana, D.; Bieche, I.; Tozlu, S.; Botto, H.; Debre, B. & Lidereau, R. (2006). Gene 
expression profiling of ERBB receptors and ligands in human transitional cell 
carcinoma of the bladder. J Urol, Vol.175, No.3 Pt 1, pp. 1127-1132 

Askham, J.M.; Platt, F.; Chambers, P.A.; Snowden, H.; Taylor, C.F. & Knowles, M.A. (2010). 
AKT1 mutations in bladder cancer: identification of a novel oncogenic mutation 
that can co-operate with E17K. Oncogene, Vol.29, No.1, pp. 150-155 

Aveyard, J.S.; Skilleter, A.; Habuchi, T. & Knowles, M.A. (1999). Somatic mutation of PTEN 
in bladder carcinoma. Br J Cancer, Vol.80, No.5-6, pp. 904-908 

Babjuk, M.; Oosterlinck, W.; Sylvester, R.; Kaasinen, E.; Bohle, A.; Palou-Redorta, J. & 
Roupret, M. (2011). EAU guidelines on non-muscle-invasive urothelial carcinoma 
of the bladder, the 2011 update. Eur Urol, Vol.59, No.6, pp. 997-1008 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

22

Bakkar, A.A.; Wallerand, H.; Radvanyi, F.; Lahaye, J.B.; Pissard, S.; Lecerf, L.; 
Kouyoumdjian, J.C.; Abbou, C.C.; Pairon, J.C.; Jaurand, M.C.; Thiery, J.P.; Chopin, 
D.K. & de Medina, S.G. (2003). FGFR3 and TP53 gene mutations define two distinct 
pathways in urothelial cell carcinoma of the bladder. Cancer Res, Vol.63, No.23, pp. 
8108-8112 

Bellmunt, J.; Paz-Ares, L.; Cuello, M.; Cecere, F.L.; Albiol, S.; Guillem, V.; Gallardo, E.; 
Carles, J.; Mendez, P.; de la Cruz, J.J.; Taron, M.; Rosell, R. & Baselga, J. (2007). Gene 
expression of ERCC1 as a novel prognostic marker in advanced bladder cancer 
patients receiving cisplatin-based chemotherapy. Ann Oncol, Vol.18, No.3, pp. 522-
528 

Berggren, P.; Kumar, R.; Sakano, S.; Hemminki, L.; Wada, T.; Steineck, G.; Adolfsson, J.; 
Larsson, P.; Norming, U.; Wijkstrom, H. & Hemminki, K. (2003). Detecting 
homozygous deletions in the CDKN2A(p16(INK4a))/ARF(p14(ARF)) gene in 
urinary bladder cancer using real-time quantitative PCR. Clin Cancer Res, Vol.9, 
No.1, pp. 235-242 

Bernardini, S.; Fauconnet, S.; Chabannes, E.; Henry, P.C.; Adessi, G. & Bittard, H. (2001). 
Serum levels of vascular endothelial growth factor as a prognostic factor in bladder 
cancer. J Urol, Vol.166, No.4, pp. 1275-1279 

Billerey, C.; Chopin, D.; Aubriot-Lorton, M.H.; Ricol, D.; Gil Diez de Medina, S.; Van Rhijn, 
B.; Bralet, M.P.; Lefrere-Belda, M.A.; Lahaye, J.B.; Abbou, C.C.; Bonaventure, J.; 
Zafrani, E.S.; van der Kwast, T.; Thiery, J.P. & Radvanyi, F. (2001). Frequent FGFR3 
mutations in papillary non-invasive bladder (pTa) tumors. Am J Pathol, Vol.158, 
No.6, pp. 1955-1959 

Black, P.C. & Dinney, C.P. (2008). Growth factors and receptors as prognostic markers in 
urothelial carcinoma. Curr Urol Rep, Vol.9, No.1, pp. 55-61 

Blackburn, E.H. (2005). Telomeres and telomerase: their mechanisms of action and the 
effects of altering their functions. FEBS Lett, Vol.579, No.4, pp. 859-862 

Blasco, M.A. (2002). Telomerase beyond telomeres. Nat Rev Cancer, Vol.2, No.8, pp. 627-633 
Blaveri, E.; Brewer, J.L.; Roydasgupta, R.; Fridlyand, J.; DeVries, S.; Koppie, T.; Pejavar, S.; 

Mehta, K.; Carroll, P.; Simko, J.P. & Waldman, F.M. (2005). Bladder cancer stage 
and outcome by array-based comparative genomic hybridization. Clin Cancer Res, 
Vol.11, No.19 Pt 1, pp. 7012-7022 

Bochner, B.H.; Cote, R.J.; Weidner, N.; Groshen, S.; Chen, S.C.; Skinner, D.G. & Nichols, P.W. 
(1995). Angiogenesis in bladder cancer: relationship between microvessel density 
and tumor prognosis. J Natl Cancer Inst, Vol.87, No.21, pp. 1603-1612 

Bosetti, C.; Boffetta, P. & La Vecchia, C. (2007). Occupational exposures to polycyclic 
aromatic hydrocarbons, and respiratory and urinary tract cancers: a quantitative 
review to 2005. Ann Oncol, Vol.18, No.3, pp. 431-446 

Brems-Eskildsen, A.S.; Zieger, K.; Toldbod, H.; Holcomb, C.; Higuchi, R.; Mansilla, F.; 
Munksgaard, P.P.; Borre, M.; Orntoft, T.F. & Dyrskjot, L. (2010). Prediction and 
diagnosis of bladder cancer recurrence based on urinary content of hTERT, SENP1, 
PPP1CA, and MCM5 transcripts. BMC Cancer, Vol.10, pp. 646 

Bringuier, P.P.; Umbas, R.; Schaafsma, H.E.; Karthaus, H.F.; Debruyne, F.M. & Schalken, J.A. 
(1993). Decreased E-cadherin immunoreactivity correlates with poor survival in 
patients with bladder tumors. Cancer Res, Vol.53, No.14, pp. 3241-3245 

www.intechopen.com



 
Bladder Cancer Biology 

 

23 

Brunner, A.; Verdorfer, I.; Prelog, M.; Mayerl, C.; Mikuz, G. & Tzankov, A. (2008). Large-
scale analysis of cell cycle regulators in urothelial bladder cancer identifies p16 and 
p27 as potentially useful prognostic markers. Pathobiology, Vol.75, No.1, pp. 25-33 

Bryan, R.T.; Hussain, S.A.; James, N.D.; Jankowski, J.A. & Wallace, D.M. (2005a). Molecular 
pathways in bladder cancer: part 1. BJU Int, Vol.95, No.4, pp. 485-490 

Bryan, R.T.; Hussain, S.A.; James, N.D.; Jankowski, J.A. & Wallace, D.M. (2005b). Molecular 
pathways in bladder cancer: part 2. BJU Int, Vol.95, No.4, pp. 491-496 

Byrne, R.R.; Shariat, S.F.; Brown, R.; Kattan, M.W.; Morton, R.J.; Wheeler, T.M. & Lerner, S.P. 
(2001). E-cadherin immunostaining of bladder transitional cell carcinoma, 
carcinoma in situ and lymph node metastases with long-term followup. J Urol, 
Vol.165, No.5, pp. 1473-1479 

Cairns, P.; Proctor, A.J. & Knowles, M.A. (1991). Loss of heterozygosity at the RB locus is 
frequent and correlates with muscle invasion in bladder carcinoma. Oncogene, 
Vol.6, No.12, pp. 2305-2309 

Cairns, P.; Polascik, T.J.; Eby, Y.; Tokino, K.; Califano, J.; Merlo, A.; Mao, L.; Herath, J.; 
Jenkins, R.; Westra, W. & et al. (1995). Frequency of homozygous deletion at 
p16/CDKN2 in primary human tumours. Nat Genet, Vol.11, No.2, pp. 210-212 

Cairns, P.; Evron, E.; Okami, K.; Halachmi, N.; Esteller, M.; Herman, J.G.; Bose, S.; Wang, 
S.I.; Parsons, R. & Sidransky, D. (1998). Point mutation and homozygous deletion of 
PTEN/MMAC1 in primary bladder cancers. Oncogene, Vol.16, No.24, pp. 3215-3218 

Canoglu, A.; Gogus, C.; Beduk, Y.; Orhan, D.; Tulunay, O. & Baltaci, S. (2004). Microvessel 
density as a prognostic marker in bladder carcinoma: correlation with tumor grade, 
stage and prognosis. Int Urol Nephrol, Vol.36, No.3, pp. 401-405 

Cappellen, D.; Gil Diez de Medina, S.; Chopin, D.; Thiery, J.P. & Radvanyi, F. (1997). 
Frequent loss of heterozygosity on chromosome 10q in muscle-invasive transitional 
cell carcinomas of the bladder. Oncogene, Vol.14, No.25, pp. 3059-3066 

Casella, R.; Shariat, S.F.; Monoski, M.A. & Lerner, S.P. (2002). Urinary levels of urokinase-
type plasminogen activator and its receptor in the detection of bladder carcinoma. 
Cancer, Vol.95, No.12, pp. 2494-2499 

Castillo-Martin, M.; Domingo-Domenech, J.; Karni-Schmidt, O.; Matos, T. & Cordon-Cardo, 
C. (2010). Molecular pathways of urothelial development and bladder 
tumorigenesis. Urol Oncol, Vol.28, No.4, pp. 401-408 

Chai, C.Y.; Chen, W.T.; Hung, W.C.; Kang, W.Y.; Huang, Y.C.; Su, Y.C. & Yang, C.H. (2008). 
Hypoxia-inducible factor-1alpha expression correlates with focal macrophage 
infiltration, angiogenesis and unfavourable prognosis in urothelial carcinoma. J 
Clin Pathol, Vol.61, No.5, pp. 658-664 

Champelovier, P.; Boucard, N.; Levacher, G.; Simon, A.; Seigneurin, D. & Praloran, V. (2002). 
Plasminogen- and colony-stimulating factor-1-associated markers in bladder 
carcinoma: diagnostic value of urokinase plasminogen activator receptor and 
plasminogen activator inhibitor type-2 using immunocytochemical analysis. Urol 
Res, Vol.30, No.5, pp. 301-309 

Chan, M.W.; Chan, L.W.; Tang, N.L.; Tong, J.H.; Lo, K.W.; Lee, T.L.; Cheung, H.Y.; Wong, 
W.S.; Chan, P.S.; Lai, F.M. & To, K.F. (2002). Hypermethylation of multiple genes in 
tumor tissues and voided urine in urinary bladder cancer patients. Clin Cancer Res, 
Vol.8, No.2, pp. 464-470 

Chan, S.W. & Blackburn, E.H. (2002). New ways not to make ends meet: telomerase, DNA 
damage proteins and heterochromatin. Oncogene, Vol.21, No.4, pp. 553-563 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

24

Chang, L.L.; Yeh, W.T.; Yang, S.Y.; Wu, W.J. & Huang, C.H. (2003). Genetic alterations of 
p16INK4a and p14ARF genes in human bladder cancer. J Urol, Vol.170, No.2 Pt 1, 
pp. 595-600 

Chapman, E.J.; Harnden, P.; Chambers, P.; Johnston, C. & Knowles, M.A. (2005). 
Comprehensive analysis of CDKN2A status in microdissected urothelial cell 
carcinoma reveals potential haploinsufficiency, a high frequency of homozygous 
co-deletion and associations with clinical phenotype. Clin Cancer Res, Vol.11, No.16, 
pp. 5740-5747 

Chaudhary, R.; Bromley, M.; Clarke, N.W.; Betts, C.D.; Barnard, R.J.; Ryder, W.D. & Kumar, 
S. (1999). Prognostic relevance of micro-vessel density in cancer of the urinary 
bladder. Anticancer Res, Vol.19, No.4C, pp. 3479-3484 

Chellappan, S.P.; Hiebert, S.; Mudryj, M.; Horowitz, J.M. & Nevins, J.R. (1991). The E2F 
transcription factor is a cellular target for the RB protein. Cell, Vol.65, No.6, pp. 
1053-1061 

Cheng, H.L.; Trink, B.; Tzai, T.S.; Liu, H.S.; Chan, S.H.; Ho, C.L.; Sidransky, D. & Chow, 
N.H. (2002). Overexpression of c-met as a prognostic indicator for transitional cell 
carcinoma of the urinary bladder: a comparison with p53 nuclear accumulation. J 
Clin Oncol, Vol.20, No.6, pp. 1544-1550 

Cheng, H.L.; Liu, H.S.; Lin, Y.J.; Chen, H.H.; Hsu, P.Y.; Chang, T.Y.; Ho, C.L.; Tzai, T.S. & 
Chow, N.H. (2005). Co-expression of RON and MET is a prognostic indicator for 
patients with transitional-cell carcinoma of the bladder. Br J Cancer, Vol.92, No.10, 
pp. 1906-1914 

Chopin, D.K.; Caruelle, J.P.; Colombel, M.; Palcy, S.; Ravery, V.; Caruelle, D.; Abbou, C.C. & 
Barritault, D. (1993). Increased immunodetection of acidic fibroblast growth factor 
in bladder cancer, detectable in urine. J Urol, Vol.150, No.4, pp. 1126-1130 

Chow, N.H.; Liu, H.S.; Lee, E.I.; Chang, C.J.; Chan, S.H.; Cheng, H.L.; Tzai, T.S. & Lin, J.S. 
(1997a). Significance of urinary epidermal growth factor and its receptor expression 
in human bladder cancer. Anticancer Res, Vol.17, No.2B, pp. 1293-1296 

Chow, N.H.; Liu, H.S.; Yang, H.B.; Chan, S.H. & Su, I.J. (1997b). Expression patterns of erbB 
receptor family in normal urothelium and transitional cell carcinoma. An 
immunohistochemical study. Virchows Arch, Vol.430, No.6, pp. 461-466 

Chow, N.H.; Chan, S.H.; Tzai, T.S.; Ho, C.L. & Liu, H.S. (2001). Expression profiles of ErbB 
family receptors and prognosis in primary transitional cell carcinoma of the urinary 
bladder. Clin Cancer Res, Vol.7, No.7, pp. 1957-1962 

Clairotte, A.; Lascombe, I.; Fauconnet, S.; Mauny, F.; Felix, S.; Algros, M.P.; Bittard, H. & 
Kantelip, B. (2006). Expression of E-cadherin and alpha-, beta-, gamma-catenins in 
patients with bladder cancer: identification of gamma-catenin as a new prognostic 
marker of neoplastic progression in T1 superficial urothelial tumors. Am J Clin 
Pathol, Vol.125, No.1, pp. 119-126 

Coats, S.; Flanagan, W.M.; Nourse, J. & Roberts, J.M. (1996). Requirement of p27Kip1 for 
restriction point control of the fibroblast cell cycle. Science, Vol.272, No.5263, pp. 
877-880 

Cooke, P.W.; James, N.D.; Ganesan, R.; Burton, A.; Young, L.S. & Wallace, D.M. (2000). Bcl-2 
expression identifies patients with advanced bladder cancer treated by 
radiotherapy who benefit from neoadjuvant chemotherapy. BJU Int, Vol.85, No.7, 
pp. 829-835 

www.intechopen.com



 
Bladder Cancer Biology 

 

25 

Cordon-Cardo, C.; Wartinger, D.; Petrylak, D.; Dalbagni, G.; Fair, W.R.; Fuks, Z. & Reuter, 
V.E. (1992). Altered expression of the retinoblastoma gene product: prognostic 
indicator in bladder cancer. J Natl Cancer Inst, Vol.84, No.16, pp. 1251-1256 

Cordon-Cardo, C.; Dalbagni, G.; Saez, G.T.; Oliva, M.R.; Zhang, Z.F.; Rosai, J.; Reuter, V.E. & 
Pellicer, A. (1994). p53 mutations in human bladder cancer: genotypic versus 
phenotypic patterns. Int J Cancer, Vol.56, No.3, pp. 347-353 

Cordon-Cardo, C.; Zhang, Z.F.; Dalbagni, G.; Drobnjak, M.; Charytonowicz, E.; Hu, S.X.; Xu, 
H.J.; Reuter, V.E. & Benedict, W.F. (1997). Cooperative effects of p53 and pRB 
alterations in primary superficial bladder tumors. Cancer Res, Vol.57, No.7, pp. 
1217-1221 

Cote, R.J.; Esrig, D.; Groshen, S.; Jones, P.A. & Skinner, D.G. (1997). p53 and treatment of 
bladder cancer. Nature, Vol.385, No.6612, pp. 123-125 

Cote, R.J.; Dunn, M.D.; Chatterjee, S.J.; Stein, J.P.; Shi, S.R.; Tran, Q.C.; Hu, S.X.; Xu, H.J.; 
Groshen, S.; Taylor, C.R.; Skinner, D.G. & Benedict, W.F. (1998). Elevated and 
absent pRb expression is associated with bladder cancer progression and has 
cooperative effects with p53. Cancer Res, Vol.58, No.6, pp. 1090-1094 

Crew, J.P.; O'Brien, T.; Bradburn, M.; Fuggle, S.; Bicknell, R.; Cranston, D. & Harris, A.L. 
(1997). Vascular endothelial growth factor is a predictor of relapse and stage 
progression in superficial bladder cancer. Cancer Res, Vol.57, No.23, pp. 5281-5285 

Crew, J.P. (1999a). Vascular endothelial growth factor: an important angiogenic mediator in 
bladder cancer. Eur Urol, Vol.35, No.1, pp. 2-8 

Crew, J.P.; O'Brien, T.; Bicknell, R.; Fuggle, S.; Cranston, D. & Harris, A.L. (1999b). Urinary 
vascular endothelial growth factor and its correlation with bladder cancer 
recurrence rates. J Urol, Vol.161, No.3, pp. 799-804 

Dalbagni, G.; Presti, J.C., Jr.; Reuter, V.E.; Zhang, Z.F.; Sarkis, A.S.; Fair, W.R. & Cordon-
Cardo, C. (1993). Molecular genetic alterations of chromosome 17 and p53 nuclear 
overexpression in human bladder cancer. Diagn Mol Pathol, Vol.2, No.1, pp. 4-13 

Davies, B.; Waxman, J.; Wasan, H.; Abel, P.; Williams, G.; Krausz, T.; Neal, D.; Thomas, D.; 
Hanby, A. & Balkwill, F. (1993). Levels of matrix metalloproteases in bladder cancer 
correlate with tumor grade and invasion. Cancer Res, Vol.53, No.22, pp. 5365-5369 

de Kok, J.B.; Schalken, J.A.; Aalders, T.W.; Ruers, T.J.; Willems, H.L. & Swinkels, D.W. 
(2000a). Quantitative measurement of telomerase reverse transcriptase (hTERT) 
mRNA in urothelial cell carcinomas. Int J Cancer, Vol.87, No.2, pp. 217-220 

de Kok, J.B.; van Balken, M.R.; Roelofs, R.W.; van Aarssen, Y.A.; Swinkels, D.W. & Klein 
Gunnewiek, J.M. (2000b). Quantification of hTERT mRNA and telomerase activity 
in bladder washings of patients with recurrent urothelial cell carcinomas. Clin 
Chem, Vol.46, No.12, pp. 2003-2007 

DeGregori, J.; Kowalik, T. & Nevins, J.R. (1995). Cellular targets for activation by the E2F1 
transcription factor include DNA synthesis- and G1/S-regulatory genes. Mol Cell 
Biol, Vol.15, No.8, pp. 4215-4224 

Dickinson, A.J.; Fox, S.B.; Persad, R.A.; Hollyer, J.; Sibley, G.N. & Harris, A.L. (1994). 
Quantification of angiogenesis as an independent predictor of prognosis in invasive 
bladder carcinomas. Br J Urol, Vol.74, No.6, pp. 762-766 

Doganay, L.; Altaner, S.; Bilgi, S.; Kaya, E.; Ekuklu, G. & Kutlu, K. (2003). Expression of the 
cyclin-dependent kinase inhibitor p27 in transitional cell bladder cancers: is it a 
good predictor for tumor behavior? Int Urol Nephrol, Vol.35, No.2, pp. 181-188 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

26

Dominguez, G.; Silva, J.; Garcia, J.M.; Silva, J.M.; Rodriguez, R.; Munoz, C.; Chacon, I.; 
Sanchez, R.; Carballido, J.; Colas, A.; Espana, P. & Bonilla, F. (2003). Prevalence of 
aberrant methylation of p14ARF over p16INK4a in some human primary tumors. 
Mutat Res, Vol.530, No.1-2, pp. 9-17 

Dong, L.M.; Potter, J.D.; White, E.; Ulrich, C.M.; Cardon, L.R. & Peters, U. (2008). Genetic 
susceptibility to cancer: the role of polymorphisms in candidate genes. Jama, 
Vol.299, No.20, pp. 2423-2436 

Dubrez-Daloz, L.; Dupoux, A. & Cartier, J. (2008). IAPs: more than just inhibitors of 
apoptosis proteins. Cell Cycle, Vol.7, No.8, pp. 1036-1046 

Ducrest, A.L.; Szutorisz, H.; Lingner, J. & Nabholz, M. (2002). Regulation of the human 
telomerase reverse transcriptase gene. Oncogene, Vol.21, No.4, pp. 541-552 

Duggan, B.J.; Kelly, J.D.; Keane, P.F. & Johnston, S.R. (2001). Molecular targets for the 
therapeutic manipulation of apoptosis in bladder cancer. J Urol, Vol.165, No.3, pp. 
946-954 

Durkan, G.C.; Nutt, J.E.; Rajjayabun, P.H.; Neal, D.E.; Lunec, J. & Mellon, J.K. (2001). 
Prognostic significance of matrix metalloproteinase-1 and tissue inhibitor of 
metalloproteinase-1 in voided urine samples from patients with transitional cell 
carcinoma of the bladder. Clin Cancer Res, Vol.7, No.11, pp. 3450-3456 

Durkan, G.C.; Nutt, J.E.; Marsh, C.; Rajjayabun, P.H.; Robinson, M.C.; Neal, D.E.; Lunec, J. & 
Mellon, J.K. (2003). Alteration in urinary matrix metalloproteinase-9 to tissue 
inhibitor of metalloproteinase-1 ratio predicts recurrence in nonmuscle-invasive 
bladder cancer. Clin Cancer Res, Vol.9, No.7, pp. 2576-2582 

el-Deiry, W.S.; Tokino, T.; Velculescu, V.E.; Levy, D.B.; Parsons, R.; Trent, J.M.; Lin, D.; 
Mercer, W.E.; Kinzler, K.W. & Vogelstein, B. (1993). WAF1, a potential mediator of 
p53 tumor suppression. Cell, Vol.75, No.4, pp. 817-825 

Emiliozzi, P.; Pansadoro, A. & Pansadoro, V. (2008). The optimal management of T1G3 
bladder cancer. BJU Int, Vol.102, No.9 Pt B, pp. 1265-1273 

Esrig, D.; Spruck, C.H., 3rd; Nichols, P.W.; Chaiwun, B.; Steven, K.; Groshen, S.; Chen, S.C.; 
Skinner, D.G.; Jones, P.A. & Cote, R.J. (1993). p53 nuclear protein accumulation 
correlates with mutations in the p53 gene, tumor grade, and stage in bladder 
cancer. Am J Pathol, Vol.143, No.5, pp. 1389-1397 

Feber, A.; Clark, J.; Goodwin, G.; Dodson, A.R.; Smith, P.H.; Fletcher, A.; Edwards, S.; Flohr, 
P.; Falconer, A.; Roe, T.; Kovacs, G.; Dennis, N.; Fisher, C.; Wooster, R.; Huddart, R.; 
Foster, C.S. & Cooper, C.S. (2004). Amplification and overexpression of E2F3 in 
human bladder cancer. Oncogene, Vol.23, No.8, pp. 1627-1630 

Ferlay, J.; Autier, P.; Boniol, M.; Heanue, M.; Colombet, M. & Boyle, P. (2007). Estimates of 
the cancer incidence and mortality in Europe in 2006. Ann Oncol, Vol.18, No.3, pp. 
581-592 

Forster, J.A.; Paul, A.B.; Harnden, P. & Knowles, M.A. (2011). Expression of NRG1 and its 
receptors in human bladder cancer. Br J Cancer, Vol.104, No.7, pp. 1135-1143 

Franekova, M.; Halasova, E.; Bukovska, E.; Luptak, J. & Dobrota, D. (2008). Gene 
polymorphisms in bladder cancer. Urol Oncol, Vol.26, No.1, pp. 1-8 

Franke, K.H.; Miklosi, M.; Goebell, P.; Clasen, S.; Steinhoff, C.; Anastasiadis, A.G.; Gerharz, 
C. & Schulz, W.A. (2000). Cyclin-dependent kinase inhibitor P27(KIP1) is expressed 
preferentially in early stages of urothelial carcinoma. Urology, Vol.56, No.4, pp. 689-
695 

www.intechopen.com



 
Bladder Cancer Biology 

 

27 

Frohlich, C.; Albrechtsen, R.; Dyrskjot, L.; Rudkjaer, L.; Orntoft, T.F. & Wewer, U.M. (2006). 
Molecular profiling of ADAM12 in human bladder cancer. Clin Cancer Res, Vol.12, 
No.24, pp. 7359-7368 

Fujimoto, K.; Yamada, Y.; Okajima, E.; Kakizoe, T.; Sasaki, H.; Sugimura, T. & Terada, M. 
(1992). Frequent association of p53 gene mutation in invasive bladder cancer. 
Cancer Res, Vol.52, No.6, pp. 1393-1398 

Fung, Y.K.; Murphree, A.L.; T'Ang, A.; Qian, J.; Hinrichs, S.H. & Benedict, W.F. (1987). 
Structural evidence for the authenticity of the human retinoblastoma gene. Science, 
Vol.236, No.4809, pp. 1657-1661 

Gakiopoulou, H.; Nakopoulou, L.; Siatelis, A.; Mavrommatis, I.; Panayotopoulou, E.G.; 
Tsirmpa, I.; Stravodimos, C. & Giannopoulos, A. (2003). Tissue inhibitor of 
metalloproteinase-2 as a multifunctional molecule of which the expression is 
associated with adverse prognosis of patients with urothelial bladder carcinomas. 
Clin Cancer Res, Vol.9, No.15, pp. 5573-5581 

Garcia-Closas, M.; Malats, N.; Real, F.X.; Welch, R.; Kogevinas, M.; Chatterjee, N.; Pfeiffer, 
R.; Silverman, D.; Dosemeci, M.; Tardon, A.; Serra, C.; Carrato, A.; Garcia-Closas, 
R.; Castano-Vinyals, G.; Chanock, S.; Yeager, M. & Rothman, N. (2006). Genetic 
variation in the nucleotide excision repair pathway and bladder cancer risk. Cancer 
Epidemiol Biomarkers Prev, Vol.15, No.3, pp. 536-542 

Garcia del Muro, X.; Torregrosa, A.; Munoz, J.; Castellsague, X.; Condom, E.; Vigues, F.; 
Arance, A.; Fabra, A. & Germa, J.R. (2000). Prognostic value of the expression of E-
cadherin and beta-catenin in bladder cancer. Eur J Cancer, Vol.36, No.3, pp. 357-362 

Gazzaniga, P.; Gradilone, A.; Vercillo, R.; Gandini, O.; Silvestri, I.; Napolitano, M.; Albonici, 
L.; Vincenzoni, A.; Gallucci, M.; Frati, L. & Agliano, A.M. (1996). Bcl-2/bax mRNA 
expression ratio as prognostic factor in low-grade urinary bladder cancer. Int J 
Cancer, Vol.69, No.2, pp. 100-104 

Gazzaniga, P.; Gradilone, A.; Silvestri, I.; Gandini, O.; Napolitano, M.; Vercillo, R.; 
Vincenzoni, A.; Gallucci, M.; Frati, L. & Agliano, A.M. (1998). High levels of 
transforming growth factor-alpha (TGF-alpha) mRNA may predict local relapses in 
early stage urinary bladder cancer. Eur J Cancer, Vol.34, No.6, pp. 934-936 

Gazzaniga, P.; Gandini, O.; Gradilone, A.; Silvestri, I.; Giuliani, L.; Magnanti, M.; Gallucci, 
M.; Saccani, G.; Frati, L. & Agliano, A.M. (1999). Detection of basic fibroblast 
growth factor mRNA in urinary bladder cancer: correlation with local relapses. Int J 
Oncol, Vol.14, No.6, pp. 1123-1127 

Gazzaniga, P.; Gradilone, A.; Giuliani, L.; Gandini, O.; Silvestri, I.; Nofroni, I.; Saccani, G.; 
Frati, L. & Agliano, A.M. (2003). Expression and prognostic significance of LIVIN, 
SURVIVIN and other apoptosis-related genes in the progression of superficial 
bladder cancer. Ann Oncol, Vol.14, No.1, pp. 85-90 

George, B.; Datar, R.H.; Wu, L.; Cai, J.; Patten, N.; Beil, S.J.; Groshen, S.; Stein, J.; Skinner, D.; 
Jones, P.A. & Cote, R.J. (2007). p53 gene and protein status: the role of p53 
alterations in predicting outcome in patients with bladder cancer. J Clin Oncol, 
Vol.25, No.34, pp. 5352-5358 

Gerhards, S.; Jung, K.; Koenig, F.; Daniltchenko, D.; Hauptmann, S.; Schnorr, D. & Loening, 
S.A. (2001). Excretion of matrix metalloproteinases 2 and 9 in urine is associated 
with a high stage and grade of bladder carcinoma. Urology, Vol.57, No.4, pp. 675-
679 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

28

Glas, A.S.; Roos, D.; Deutekom, M.; Zwinderman, A.H.; Bossuyt, P.M. & Kurth, K.H. (2003). 
Tumor markers in the diagnosis of primary bladder cancer. A systematic review. J 
Urol, Vol.169, No.6, pp. 1975-1982 

Goddard, J.C.; Sutton, C.D.; Jones, J.L.; O'Byrne, K.J. & Kockelbergh, R.C. (2002). Reduced 
thrombospondin-1 at presentation predicts disease progression in superficial 
bladder cancer. Eur Urol, Vol.42, No.5, pp. 464-468 

Gohji, K.; Fujimoto, N.; Fujii, A.; Komiyama, T.; Okawa, J. & Nakajima, M. (1996a). 
Prognostic significance of circulating matrix metalloproteinase-2 to tissue inhibitor 
of metalloproteinases-2 ratio in recurrence of urothelial cancer after complete 
resection. Cancer Res, Vol.56, No.14, pp. 3196-3198 

Gohji, K.; Fujimoto, N.; Komiyama, T.; Fujii, A.; Ohkawa, J.; Kamidono, S. & Nakajima, M. 
(1996b). Elevation of serum levels of matrix metalloproteinase-2 and -3 as new 
predictors of recurrence in patients with urothelial carcinoma. Cancer, Vol.78, 
No.11, pp. 2379-2387 

Gohji, K.; Fujimoto, N.; Ohkawa, J.; Fujii, A. & Nakajima, M. (1998). Imbalance between 
serum matrix metalloproteinase-2 and its inhibitor as a predictor of recurrence of 
urothelial cancer. Br J Cancer, Vol.77, No.4, pp. 650-655 

Gohji, K.; Nomi, M.; Niitani, Y.; Kitazawa, S.; Fujii, A.; Katsuoka, Y. & Nakajima, M. (2000). 
Independent prognostic value of serum hepatocyte growth factor in bladder cancer. 
J Clin Oncol, Vol.18, No.16, pp. 2963-2971 

Golka, K.; Wiese, A.; Assennato, G. & Bolt, H.M. (2004). Occupational exposure and 
urological cancer. World J Urol, Vol.21, No.6, pp. 382-391 

Gontero, P.; Banisadr, S.; Frea, B. & Brausi, M. (2004). Metastasis markers in bladder cancer: 
a review of the literature and clinical considerations. Eur Urol, Vol.46, No.3, pp. 
296-311 

Gonzalez-Campora, R.; Davalos-Casanova, G.; Beato-Moreno, A.; Garcia-Escudero, A.; 
Pareja Megia, M.J.; Montironi, R. & Lopez-Beltran, A. (2007). BCL-2, TP53 and BAX 
protein expression in superficial urothelial bladder carcinoma. Cancer Lett, Vol.250, 
No.2, pp. 292-299 

Gonzalez-Zulueta, M.; Bender, C.M.; Yang, A.S.; Nguyen, T.; Beart, R.W.; Van Tornout, J.M. 
& Jones, P.A. (1995). Methylation of the 5' CpG island of the p16/CDKN2 tumor 
suppressor gene in normal and transformed human tissues correlates with gene 
silencing. Cancer Res, Vol.55, No.20, pp. 4531-4535 

Gonzalez, S.; Aubert, S.; Kerdraon, O.; Haddad, O.; Fantoni, J.C.; Biserte, J. & Leroy, X. 
(2008). Prognostic value of combined p53 and survivin in pT1G3 urothelial 
carcinoma of the bladder. Am J Clin Pathol, Vol.129, No.2, pp. 232-237 

Gravas, S.; Bosinakou, I.; Kehayas, P. & Giannopoulos, A. (2004). Urinary basic fibroblast 
growth factor in bladder cancer patients. Histopathological correlation and clinical 
potential. Urol Int, Vol.73, No.2, pp. 173-177 

Grignon, D.J.; Sakr, W.; Toth, M.; Ravery, V.; Angulo, J.; Shamsa, F.; Pontes, J.E.; Crissman, 
J.C. & Fridman, R. (1996). High levels of tissue inhibitor of metalloproteinase-2 
(TIMP-2) expression are associated with poor outcome in invasive bladder cancer. 
Cancer Res, Vol.56, No.7, pp. 1654-1659 

Grossfeld, G.D.; Ginsberg, D.A.; Stein, J.P.; Bochner, B.H.; Esrig, D.; Groshen, S.; Dunn, M.; 
Nichols, P.W.; Taylor, C.R.; Skinner, D.G. & Cote, R.J. (1997). Thrombospondin-1 
expression in bladder cancer: association with p53 alterations, tumor angiogenesis, 
and tumor progression. J Natl Cancer Inst, Vol.89, No.3, pp. 219-227 

www.intechopen.com



 
Bladder Cancer Biology 

 

29 

Grossman, H.B.; Liebert, M.; Antelo, M.; Dinney, C.P.; Hu, S.X.; Palmer, J.L. & Benedict, W.F. 
(1998). p53 and RB expression predict progression in T1 bladder cancer. Clin Cancer 
Res, Vol.4, No.4, pp. 829-834 

Grossman, H.B.; Lee, C.; Bromberg, J. & Liebert, M. (2000). Expression of the alpha6beta4 
integrin provides prognostic information in bladder cancer. Oncol Rep, Vol.7, No.1, 
pp. 13-16 

Hanahan, D. & Weinberg, R.A. (2000). The hallmarks of cancer. Cell, Vol.100, No.1, pp. 57-70 
Hara, I.; Miyake, H.; Hara, S.; Arakawa, S. & Kamidono, S. (2001). Significance of matrix 

metalloproteinases and tissue inhibitors of metalloproteinase expression in the 
recurrence of superficial transitional cell carcinoma of the bladder. J Urol, Vol.165, 
No.5, pp. 1769-1772 

Harley, C.B. (1991). Telomere loss: mitotic clock or genetic time bomb? Mutat Res, Vol.256, 
No.2-6, pp. 271-282 

Harris, L.D.; De La Cerda, J.; Tuziak, T.; Rosen, D.; Xiao, L.; Shen, Y.; Sabichi, A.L.; Czerniak, 
B. & Grossman, H.B. (2008). Analysis of the expression of biomarkers in urinary 
bladder cancer using a tissue microarray. Mol Carcinog, Vol.47, No.9, pp. 678-685 

Hasui, Y.; Marutsuka, K.; Nishi, S.; Kitada, S.; Osada, Y. & Sumiyoshi, A. (1994). The content 
of urokinase-type plasminogen activator and tumor recurrence in superficial 
bladder cancer. J Urol, Vol.151, No.1, pp. 16-19;  

Hausladen, D.A.; Wheeler, M.A.; Altieri, D.C.; Colberg, J.W. & Weiss, R.M. (2003). Effect of 
intravesical treatment of transitional cell carcinoma with bacillus Calmette-Guerin 
and mitomycin C on urinary survivin levels and outcome. J Urol, Vol.170, No.1, pp. 
230-234 

Hawke, C.K.; Delahunt, B. & Davidson, P.J. (1998). Microvessel density as a prognostic 
marker for transitional cell carcinoma of the bladder. Br J Urol, Vol.81, No.4, pp. 
585-590 

Heidenblad, M.; Lindgren, D.; Jonson, T.; Liedberg, F.; Veerla, S.; Chebil, G.; Gudjonsson, S.; 
Borg, A.; Mansson, W. & Hoglund, M. (2008). Tiling resolution array CGH and high 
density expression profiling of urothelial carcinomas delineate genomic amplicons 
and candidate target genes specific for advanced tumors. BMC Med Genomics, Vol.1, 
pp. 3 

Heine, B.; Hummel, M.; Muller, M.; Heicappell, R.; Miller, K. & Stein, H. (1998). Non-
radioactive measurement of telomerase activity in human bladder cancer, bladder 
washings, and in urine. J Pathol, Vol.184, No.1, pp. 71-76 

Hernandez, S.; Lopez-Knowles, E.; Lloreta, J.; Kogevinas, M.; Jaramillo, R.; Amoros, A.; 
Tardon, A.; Garcia-Closas, R.; Serra, C.; Carrato, A.; Malats, N. & Real, F.X. (2005). 
FGFR3 and Tp53 mutations in T1G3 transitional bladder carcinomas: independent 
distribution and lack of association with prognosis. Clin Cancer Res, Vol.11, No.15, 
pp. 5444-5450 

Hernandez, S.; Lopez-Knowles, E.; Lloreta, J.; Kogevinas, M.; Amoros, A.; Tardon, A.; 
Carrato, A.; Serra, C.; Malats, N. & Real, F.X. (2006). Prospective study of FGFR3 
mutations as a prognostic factor in nonmuscle invasive urothelial bladder 
carcinomas. J Clin Oncol, Vol.24, No.22, pp. 3664-3671 

Hernando, E.; Nahle, Z.; Juan, G.; Diaz-Rodriguez, E.; Alaminos, M.; Hemann, M.; Michel, 
L.; Mittal, V.; Gerald, W.; Benezra, R.; Lowe, S.W. & Cordon-Cardo, C. (2004). Rb 
inactivation promotes genomic instability by uncoupling cell cycle progression 
from mitotic control. Nature, Vol.430, No.7001, pp. 797-802 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

30

Herr, H.W. (2000). Tumor progression and survival of patients with high grade, noninvasive 
papillary (TaG3) bladder tumors: 15-year outcome. J Urol, Vol.163, No.1, pp. 60-61;  

Hiebert, S.W.; Chellappan, S.P.; Horowitz, J.M. & Nevins, J.R. (1992). The interaction of RB 
with E2F coincides with an inhibition of the transcriptional activity of E2F. Genes 
Dev, Vol.6, No.2, pp. 177-185 

Hitchings, A.W.; Kumar, M.; Jordan, S.; Nargund, V.; Martin, J. & Berney, D.M. (2004). 
Prediction of progression in pTa and pT1 bladder carcinomas with p53, p16 and 
pRb. Br J Cancer, Vol.91, No.3, pp. 552-557 

Hiyama, E. & Hiyama, K. (2002). Clinical utility of telomerase in cancer. Oncogene, Vol.21, 
No.4, pp. 643-649 

Horikawa, Y.; Gu, J. & Wu, X. (2008a). Genetic susceptibility to bladder cancer with an 
emphasis on gene-gene and gene-environmental interactions. Curr Opin Urol, 
Vol.18, No.5, pp. 493-498 

Horikawa, Y.; Nadaoka, J.; Saito, M.; Kumazawa, T.; Inoue, T.; Yuasa, T.; Tsuchiya, N.; 
Nishiyama, H.; Ogawa, O. & Habuchi, T. (2008b). Clinical implications of the 
MDM2 SNP309 and p53 Arg72Pro polymorphisms in transitional cell carcinoma of 
the bladder. Oncol Rep, Vol.20, No.1, pp. 49-55 

Hurst, C.D.; Tomlinson, D.C.; Williams, S.V.; Platt, F.M. & Knowles, M.A. (2008). 
Inactivation of the Rb pathway and overexpression of both isoforms of E2F3 are 
obligate events in bladder tumours with 6p22 amplification. Oncogene, Vol.27, 
No.19, pp. 2716-2727 

Hussain, S.A.; Ganesan, R.; Hiller, L.; Cooke, P.W.; Murray, P.; Young, L.S. & James, N.D. 
(2003). BCL2 expression predicts survival in patients receiving synchronous 
chemoradiotherapy in advanced transitional cell carcinoma of the bladder. Oncol 
Rep, Vol.10, No.3, pp. 571-576 

Inoue, K.; Slaton, J.W.; Karashima, T.; Yoshikawa, C.; Shuin, T.; Sweeney, P.; Millikan, R. & 
Dinney, C.P. (2000). The prognostic value of angiogenesis factor expression for 
predicting recurrence and metastasis of bladder cancer after neoadjuvant 
chemotherapy and radical cystectomy. Clin Cancer Res, Vol.6, No.12, pp. 4866-4873 

Ishikawa, J.; Xu, H.J.; Hu, S.X.; Yandell, D.W.; Maeda, S.; Kamidono, S.; Benedict, W.F. & 
Takahashi, R. (1991). Inactivation of the retinoblastoma gene in human bladder and 
renal cell carcinomas. Cancer Res, Vol.51, No.20, pp. 5736-5743 

Ito, H.; Kyo, S.; Kanaya, T.; Takakura, M.; Inoue, M. & Namiki, M. (1998). Expression of 
human telomerase subunits and correlation with telomerase activity in urothelial 
cancer. Clin Cancer Res, Vol.4, No.7, pp. 1603-1608 

Jaeger, T.M.; Weidner, N.; Chew, K.; Moore, D.H.; Kerschmann, R.L.; Waldman, F.M. & 
Carroll, P.R. (1995). Tumor angiogenesis correlates with lymph node metastases in 
invasive bladder cancer. J Urol, Vol.154, No.1, pp. 69-71 

Jebar, A.H.; Hurst, C.D.; Tomlinson, D.C.; Johnston, C.; Taylor, C.F. & Knowles, M.A. (2005). 
FGFR3 and Ras gene mutations are mutually exclusive genetic events in urothelial 
cell carcinoma. Oncogene, Vol.24, No.33, pp. 5218-5225 

Jemal, A.; Siegel, R.; Xu, J. & Ward, E. (2010). Cancer statistics, 2010. CA Cancer J Clin, Vol.60, 
No.5, pp. 277-300 

Jonsson, G.; Paulie, S. & Grandien, A. (2003). cIAP-2 block apoptotic events in bladder 
cancer cells. Anticancer Res, Vol.23, No.4, pp. 3311-3316 

www.intechopen.com



 
Bladder Cancer Biology 

 

31 

Joseph, A.; Weiss, G.H.; Jin, L.; Fuchs, A.; Chowdhury, S.; O'Shaugnessy, P.; Goldberg, I.D. 
& Rosen, E.M. (1995). Expression of scatter factor in human bladder carcinoma. J 
Natl Cancer Inst, Vol.87, No.5, pp. 372-377 

Junker, K.; van Oers, J.M.; Zwarthoff, E.C.; Kania, I.; Schubert, J. & Hartmann, A. (2008). 
Fibroblast growth factor receptor 3 mutations in bladder tumors correlate with low 
frequency of chromosome alterations. Neoplasia, Vol.10, No.1, pp. 1-7 

Junttila, T.T.; Laato, M.; Vahlberg, T.; Soderstrom, K.O.; Visakorpi, T.; Isola, J. & Elenius, K. 
(2003). Identification of patients with transitional cell carcinoma of the bladder 
overexpressing ErbB2, ErbB3, or specific ErbB4 isoforms: real-time reverse 
transcription-PCR analysis in estimation of ErbB receptor status from cancer 
patients. Clin Cancer Res, Vol.9, No.14, pp. 5346-5357 

Kamai, T.; Takagi, K.; Asami, H.; Ito, Y.; Oshima, H. & Yoshida, K.I. (2001). Decreasing of 
p27(Kip1)and cyclin E protein levels is associated with progression from superficial 
into invasive bladder cancer. Br J Cancer, Vol.84, No.9, pp. 1242-1251 

Kanayama, H.; Yokota, K.; Kurokawa, Y.; Murakami, Y.; Nishitani, M. & Kagawa, S. (1998). 
Prognostic values of matrix metalloproteinase-2 and tissue inhibitor of 
metalloproteinase-2 expression in bladder cancer. Cancer, Vol.82, No.7, pp. 1359-
1366 

Karam, J.A.; Lotan, Y.; Ashfaq, R.; Sagalowsky, A.I. & Shariat, S.F. (2007a). Survivin 
expression in patients with non-muscle-invasive urothelial cell carcinoma of the 
bladder. Urology, Vol.70, No.3, pp. 482-486 

Karam, J.A.; Lotan, Y.; Karakiewicz, P.I.; Ashfaq, R.; Sagalowsky, A.I.; Roehrborn, C.G. & 
Shariat, S.F. (2007b). Use of combined apoptosis biomarkers for prediction of 
bladder cancer recurrence and mortality after radical cystectomy. Lancet Oncol, 
Vol.8, No.2, pp. 128-136 

Kashibuchi, K.; Tomita, K.; Schalken, J.A.; Kume, H.; Takeuchi, T. & Kitamura, T. (2007). The 
prognostic value of E-cadherin, alpha-, beta- and gamma-catenin in bladder cancer 
patients who underwent radical cystectomy. Int J Urol, Vol.14, No.9, pp. 789-794 

Kassouf, W.; Black, P.C.; Tuziak, T.; Bondaruk, J.; Lee, S.; Brown, G.A.; Adam, L.; Wei, C.; 
Baggerly, K.; Bar-Eli, M.; McConkey, D.; Czerniak, B. & Dinney, C.P. (2008). 
Distinctive expression pattern of ErbB family receptors signifies an aggressive 
variant of bladder cancer. J Urol, Vol.179, No.1, pp. 353-358 

Kawamoto, K.; Enokida, H.; Gotanda, T.; Kubo, H.; Nishiyama, K.; Kawahara, M. & 
Nakagawa, M. (2006). p16INK4a and p14ARF methylation as a potential biomarker 
for human bladder cancer. Biochem Biophys Res Commun, Vol.339, No.3, pp. 790-796 

Kellen, E.; Hemelt, M.; Broberg, K.; Golka, K.; Kristensen, V.N.; Hung, R.J.; Matullo, G.; 
Mittal, R.D.; Porru, S.; Povey, A.; Schulz, W.A.; Shen, J.; Buntinx, F.; Zeegers, M.P. 
& Taioli, E. (2007). Pooled analysis and meta-analysis of the glutathione S-
transferase P1 Ile 105Val polymorphism and bladder cancer: a HuGE-GSEC review. 
Am J Epidemiol, Vol.165, No.11, pp. 1221-1230 

Kelsh, M.A.; Alexander, D.D.; Kalmes, R.M. & Buffler, P.A. (2008). Personal use of hair dyes 
and risk of bladder cancer: a meta-analysis of epidemiologic data. Cancer Causes 
Control, Vol.19, No.6, pp. 549-558 

Kiemeney, L.A.; Thorlacius, S.; Sulem, P.; Geller, F.; Aben, K.K.; Stacey, S.N.; Gudmundsson, 
J.; Jakobsdottir, M.; Bergthorsson, J.T.; Sigurdsson, A.; Blondal, T.; Witjes, J.A.; 
Vermeulen, S.H.; Hulsbergen-van de Kaa, C.A.; Swinkels, D.W.; Ploeg, M.; Cornel, 
E.B.; Vergunst, H.; Thorgeirsson, T.E.; Gudbjartsson, D.; Gudjonsson, S.A.; 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

32

Thorleifsson, G.; Kristinsson, K.T.; Mouy, M.; Snorradottir, S.; Placidi, D.; 
Campagna, M.; Arici, C.; Koppova, K.; Gurzau, E.; Rudnai, P.; Kellen, E.; Polidoro, 
S.; Guarrera, S.; Sacerdote, C.; Sanchez, M.; Saez, B.; Valdivia, G.; Ryk, C.; de 
Verdier, P.; Lindblom, A.; Golka, K.; Bishop, D.T.; Knowles, M.A.; Nikulasson, S.; 
Petursdottir, V.; Jonsson, E.; Geirsson, G.; Kristjansson, B.; Mayordomo, J.I.; 
Steineck, G.; Porru, S.; Buntinx, F.; Zeegers, M.P.; Fletcher, T.; Kumar, R.; Matullo, 
G.; Vineis, P.; Kiltie, A.E.; Gulcher, J.R.; Thorsteinsdottir, U.; Kong, A.; Rafnar, T. & 
Stefansson, K. (2008). Sequence variant on 8q24 confers susceptibility to urinary 
bladder cancer. Nat Genet, Vol.40, No.11, pp. 1307-1312 

Kiemeney, L.A.; Sulem, P.; Besenbacher, S.; Vermeulen, S.H.; Sigurdsson, A.; Thorleifsson, 
G.; Gudbjartsson, D.F.; Stacey, S.N.; Gudmundsson, J.; Zanon, C.; Kostic, J.; 
Masson, G.; Bjarnason, H.; Palsson, S.T.; Skarphedinsson, O.B.; Gudjonsson, S.A.; 
Witjes, J.A.; Grotenhuis, A.J.; Verhaegh, G.W.; Bishop, D.T.; Sak, S.C.; Choudhury, 
A.; Elliott, F.; Barrett, J.H.; Hurst, C.D.; de Verdier, P.J.; Ryk, C.; Rudnai, P.; Gurzau, 
E.; Koppova, K.; Vineis, P.; Polidoro, S.; Guarrera, S.; Sacerdote, C.; Campagna, M.; 
Placidi, D.; Arici, C.; Zeegers, M.P.; Kellen, E.; Gutierrez, B.S.; Sanz-Velez, J.I.; 
Sanchez-Zalabardo, M.; Valdivia, G.; Garcia-Prats, M.D.; Hengstler, J.G.; 
Blaszkewicz, M.; Dietrich, H.; Ophoff, R.A.; van den Berg, L.H.; Alexiusdottir, K.; 
Kristjansson, K.; Geirsson, G.; Nikulasson, S.; Petursdottir, V.; Kong, A.; 
Thorgeirsson, T.; Mungan, N.A.; Lindblom, A.; van Es, M.A.; Porru, S.; Buntinx, F.; 
Golka, K.; Mayordomo, J.I.; Kumar, R.; Matullo, G.; Steineck, G.; Kiltie, A.E.; Aben, 
K.K.; Jonsson, E.; Thorsteinsdottir, U.; Knowles, M.A.; Rafnar, T. & Stefansson, K. 
(2010). A sequence variant at 4p16.3 confers susceptibility to urinary bladder 
cancer. Nat Genet, Vol.42, No.5, pp. 415-419 

Kim, N.W.; Piatyszek, M.A.; Prowse, K.R.; Harley, C.B.; West, M.D.; Ho, P.L.; Coviello, 
G.M.; Wright, W.E.; Weinrich, S.L. & Shay, J.W. (1994). Specific association of 
human telomerase activity with immortal cells and cancer. Science, Vol.266, 
No.5193, pp. 2011-2015 

Kim, W.J. & Quan, C. (2005). Genetic and epigenetic aspects of bladder cancer. J Cell Biochem, 
Vol.95, No.1, pp. 24-33 

Kitamura, H. & Tsukamoto, T. (2006). Early bladder cancer: concept, diagnosis, and 
management. Int J Clin Oncol, Vol.11, No.1, pp. 28-37 

Knowles, M.A.; Habuchi, T.; Kennedy, W. & Cuthbert-Heavens, D. (2003). Mutation 
spectrum of the 9q34 tuberous sclerosis gene TSC1 in transitional cell carcinoma of 
the bladder. Cancer Res, Vol.63, No.22, pp. 7652-7656 

Knowles, M.A. (2008). Molecular pathogenesis of bladder cancer. Int J Clin Oncol, Vol.13, 
No.4, pp. 287-297 

Knowles, M.A.; Platt, F.M.; Ross, R.L. & Hurst, C.D. (2009). Phosphatidylinositol 3-kinase 
(PI3K) pathway activation in bladder cancer. Cancer Metastasis Rev, Vol.28, No.3-4, 
pp. 305-316 

Kompier, L.C.; Lurkin, I.; van der Aa, M.N.; van Rhijn, B.W.; van der Kwast, T.H. & 
Zwarthoff, E.C. (2010a). FGFR3, HRAS, KRAS, NRAS and PIK3CA mutations in 
bladder cancer and their potential as biomarkers for surveillance and therapy. PLoS 
One, Vol.5, No.11, pp. e13821 

Kompier, L.C.; van Tilborg, A.A. & Zwarthoff, E.C. (2010b). Bladder cancer: novel molecular 
characteristics, diagnostic, and therapeutic implications. Urol Oncol, Vol.28, No.1, 
pp. 91-96 

www.intechopen.com



 
Bladder Cancer Biology 

 

33 

Korkolopoulou, P.; Christodoulou, P.; Konstantinidou, A.E.; Thomas-Tsagli, E.; Kapralos, P. 
& Davaris, P. (2000). Cell cycle regulators in bladder cancer: a multivariate survival 
study with emphasis on p27Kip1. Hum Pathol, Vol.31, No.6, pp. 751-760 

Korkolopoulou, P.; Christodoulou, P.; Lazaris, A.; Thomas-Tsagli, E.; Kapralos, P.; 
Papanikolaou, A.; Kalliteraki, I. & Davaris, P. (2001). Prognostic implications of 
aberrations in p16/pRb pathway in urothelial bladder carcinomas: a multivariate 
analysis including p53 expression and proliferation markers. Eur Urol, Vol.39, No.2, 
pp. 167-177 

Korkolopoulou, P.; Lazaris, A.; Konstantinidou, A.E.; Kavantzas, N.; Patsouris, E.; 
Christodoulou, P.; Thomas-Tsagli, E. & Davaris, P. (2002). Differential expression of 
bcl-2 family proteins in bladder carcinomas. Relationship with apoptotic rate and 
survival. Eur Urol, Vol.41, No.3, pp. 274-283 

Kramer, C.; Klasmeyer, K.; Bojar, H.; Schulz, W.A.; Ackermann, R. & Grimm, M.O. (2007). 
Heparin-binding epidermal growth factor-like growth factor isoforms and 
epidermal growth factor receptor/ErbB1 expression in bladder cancer and their 
relation to clinical outcome. Cancer, Vol.109, No.10, pp. 2016-2024 

Kruger, S.; Mahnken, A.; Kausch, I. & Feller, A.C. (2005). P16 immunoreactivity is an 
independent predictor of tumor progression in minimally invasive urothelial 
bladder carcinoma. Eur Urol, Vol.47, No.4, pp. 463-467 

Ku, J.H.; Kwak, C.; Lee, H.S.; Park, H.K.; Lee, E. & Lee, S.E. (2004). Expression of survivin, a 
novel inhibitor of apoptosis, in superficial transitional cell carcinoma of the 
bladder. J Urol, Vol.171, No.2 Pt 1, pp. 631-635 

Kuczyk, M.A.; Bokemeyer, C.; Serth, J.; Hervatin, C.; Oelke, M.; Hofner, K.; Tan, H.K. & 
Jonas, U. (1995). p53 overexpression as a prognostic factor for advanced stage 
bladder cancer. Eur J Cancer, Vol.31A, No.13-14, pp. 2243-2247 

Kuczyk, M.A.; Machtens, S.; Bokemeyer, C.; Hradil, K.; Macheel, I.; Jetscho, V.; Hartmann, J.; 
Thon, W.F.; Jonas, U. & Serth, J. (1999). Prognostic value of p27Kip1 and 
p21WAF/Cip protein expression in muscle invasive bladder cancer. Oncol Rep, 
Vol.6, No.3, pp. 687-693 

Kyo, S.; Takakura, M.; Fujiwara, T. & Inoue, M. (2008). Understanding and exploiting 
hTERT promoter regulation for diagnosis and treatment of human cancers. Cancer 
Sci, Vol.99, No.8, pp. 1528-1538 

Le Frere-Belda, M.A.; Cappellen, D.; Daher, A.; Gil-Diez-de-Medina, S.; Besse, F.; Abbou, 
C.C.; Thiery, J.P.; Zafrani, E.S.; Chopin, D.K. & Radvanyi, F. (2001). p15(INK4b) in 
bladder carcinomas: decreased expression in superficial tumours. Br J Cancer, 
Vol.85, No.10, pp. 1515-1521 

Le Frere-Belda, M.A.; Gil Diez de Medina, S.; Daher, A.; Martin, N.; Albaud, B.; Heudes, D.; 
Abbou, C.C.; Thiery, J.P.; Zafrani, E.S.; Radvanyi, F. & Chopin, D. (2004). Profiles of 
the 2 INK4a gene products, p16 and p14ARF, in human reference urothelium and 
bladder carcinomas, according to pRb and p53 protein status. Hum Pathol, Vol.35, 
No.7, pp. 817-824 

Lee, S.H.; Shin, M.S.; Park, W.S.; Kim, S.Y.; Dong, S.M.; Pi, J.H.; Lee, H.K.; Kim, H.S.; Jang, 
J.J.; Kim, C.S.; Kim, S.H.; Lee, J.Y. & Yoo, N.J. (1999). Alterations of Fas (APO-
1/CD95) gene in transitional cell carcinomas of urinary bladder. Cancer Res, Vol.59, 
No.13, pp. 3068-3072 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

34

Li, M.; Song, T.; Yin, Z.F. & Na, Y.Q. (2007). XIAP as a prognostic marker of early recurrence 
of nonmuscular invasive bladder cancer. Chin Med J (Engl), Vol.120, No.6, pp. 469-
473 

Lianes, P.; Orlow, I.; Zhang, Z.F.; Oliva, M.R.; Sarkis, A.S.; Reuter, V.E. & Cordon-Cardo, C. 
(1994). Altered patterns of MDM2 and TP53 expression in human bladder cancer. J 
Natl Cancer Inst, Vol.86, No.17, pp. 1325-1330 

Liebert, M.; Washington, R.; Wedemeyer, G.; Carey, T.E. & Grossman, H.B. (1994). Loss of 
co-localization of alpha 6 beta 4 integrin and collagen VII in bladder cancer. Am J 
Pathol, Vol.144, No.4, pp. 787-795 

Lin, Y.; Miyamoto, H.; Fujinami, K.; Uemura, H.; Hosaka, M.; Iwasaki, Y. & Kubota, Y. 
(1996). Telomerase activity in human bladder cancer. Clin Cancer Res, Vol.2, No.6, 
pp. 929-932 

Liu, H.B.; Kong, C.Z.; Zeng, Y.; Liu, X.K.; Bi, J.B.; Jiang, Y.J. & Han, S. (2009). Livin may serve 
as a marker for prognosis of bladder cancer relapse and a target of bladder cancer 
treatment. Urol Oncol, Vol.27, No.3, pp. 277-283 

Liukkonen, T.J.; Lipponen, P.K.; Helle, M. & Jauhiainen, K.E. (1997). Immunoreactivity of 
bcl-2, p53 and EGFr is associated with tumor stage, grade and cell proliferation in 
superficial bladder cancer. Finnbladder III Group. Urol Res, Vol.25, No.1, pp. 1-7 

Logothetis, C.J.; Xu, H.J.; Ro, J.Y.; Hu, S.X.; Sahin, A.; Ordonez, N. & Benedict, W.F. (1992). 
Altered expression of retinoblastoma protein and known prognostic variables in 
locally advanced bladder cancer. J Natl Cancer Inst, Vol.84, No.16, pp. 1256-1261 

Lopez-Beltran, A.; Alvarez-Kindelan, J.; Luque, R.J.; Blanca, A.; Quintero, A.; Montironi, R.; 
Cheng, L.; Gonzalez-Campora, R. & Requena, M.J. (2008). Loss of heterozygosity at 
9q32-33 (DBC1 locus) in primary non-invasive papillary urothelial neoplasm of low 
malignant potential and low-grade urothelial carcinoma of the bladder and their 
associated normal urothelium. J Pathol, Vol.215, No.3, pp. 263-272 

Lopez-Knowles, E.; Hernandez, S.; Malats, N.; Kogevinas, M.; Lloreta, J.; Carrato, A.; 
Tardon, A.; Serra, C. & Real, F.X. (2006). PIK3CA mutations are an early genetic 
alteration associated with FGFR3 mutations in superficial papillary bladder tumors. 
Cancer Res, Vol.66, No.15, pp. 7401-7404 

Lu, M.L.; Wikman, F.; Orntoft, T.F.; Charytonowicz, E.; Rabbani, F.; Zhang, Z.; Dalbagni, G.; 
Pohar, K.S.; Yu, G. & Cordon-Cardo, C. (2002). Impact of alterations affecting the 
p53 pathway in bladder cancer on clinical outcome, assessed by conventional and 
array-based methods. Clin Cancer Res, Vol.8, No.1, pp. 171-179 

Mahnken, A.; Kausch, I.; Feller, A.C. & Kruger, S. (2005). E-cadherin immunoreactivity 
correlates with recurrence and progression of minimally invasive transitional cell 
carcinomas of the urinary bladder. Oncol Rep, Vol.14, No.4, pp. 1065-1070 

Maluf, F.C.; Cordon-Cardo, C.; Verbel, D.A.; Satagopan, J.M.; Boyle, M.G.; Herr, H. & 
Bajorin, D.F. (2006). Assessing interactions between mdm-2, p53, and bcl-2 as 
prognostic variables in muscle-invasive bladder cancer treated with neo-adjuvant 
chemotherapy followed by locoregional surgical treatment. Ann Oncol, Vol.17, 
No.11, pp. 1677-1686 

Margulis, V.; Lotan, Y. & Shariat, S.F. (2008). Survivin: a promising biomarker for detection 
and prognosis of bladder cancer. World J Urol, Vol.26, No.1, pp. 59-65 

McKnight, J.J.; Gray, S.B.; O'Kane, H.F.; Johnston, S.R. & Williamson, K.E. (2005). Apoptosis 
and chemotherapy for bladder cancer. J Urol, Vol.173, No.3, pp. 683-690 

www.intechopen.com



 
Bladder Cancer Biology 

 

35 

Memon, A.A.; Sorensen, B.S.; Meldgaard, P.; Fokdal, L.; Thykjaer, T. & Nexo, E. (2006). The 
relation between survival and expression of HER1 and HER2 depends on the 
expression of HER3 and HER4: a study in bladder cancer patients. Br J Cancer, 
Vol.94, No.11, pp. 1703-1709 

Meyerson, M.; Counter, C.M.; Eaton, E.N.; Ellisen, L.W.; Steiner, P.; Caddle, S.D.; Ziaugra, 
L.; Beijersbergen, R.L.; Davidoff, M.J.; Liu, Q.; Bacchetti, S.; Haber, D.A. & 
Weinberg, R.A. (1997). hEST2, the putative human telomerase catalytic subunit 
gene, is up-regulated in tumor cells and during immortalization. Cell, Vol.90, No.4, 
pp. 785-795 

Mhawech-Fauceglia, P.; Cheney, R.T. & Schwaller, J. (2006). Genetic alterations in urothelial 
bladder carcinoma: an updated review. Cancer, Vol.106, No.6, pp. 1205-1216 

Mialhe, A.; Louis, J.; Montlevier, S.; Peoch, M.; Pasquier, D.; Bosson, J.L.; Rambeaud, J.J. & 
Seigneurin, D. (1997). Expression of E-cadherin and alpha-,beta- and gamma-
catenins in human bladder carcinomas: are they good prognostic factors? Invasion 
Metastasis, Vol.17, No.3, pp. 124-137 

Michaud, D.S. (2007). Chronic inflammation and bladder cancer. Urol Oncol, Vol.25, No.3, 
pp. 260-268 

Michieli, P.; Chedid, M.; Lin, D.; Pierce, J.H.; Mercer, W.E. & Givol, D. (1994). Induction of 
WAF1/CIP1 by a p53-independent pathway. Cancer Res, Vol.54, No.13, pp. 3391-
3395 

Migaldi, M.; Sgambato, A.; Garagnani, L.; Ardito, R.; Ferrari, P.; De Gaetani, C.; Cittadini, A. 
& Trentini, G.P. (2000). Loss of p21Waf1 expression is a strong predictor of reduced 
survival in primary superficial bladder cancers. Clin Cancer Res, Vol.6, No.8, pp. 
3131-3138 

Mihara, K.; Cao, X.R.; Yen, A.; Chandler, S.; Driscoll, B.; Murphree, A.L.; T'Ang, A. & Fung, 
Y.K. (1989). Cell cycle-dependent regulation of phosphorylation of the human 
retinoblastoma gene product. Science, Vol.246, No.4935, pp. 1300-1303 

Mitra, A.P.; Datar, R.H. & Cote, R.J. (2006). Molecular pathways in invasive bladder cancer: 
new insights into mechanisms, progression, and target identification. J Clin Oncol, 
Vol.24, No.35, pp. 5552-5564 

Mitra, A.P.; Birkhahn, M. & Cote, R.J. (2007). p53 and retinoblastoma pathways in bladder 
cancer. World J Urol, Vol.25, No.6, pp. 563-571 

Mitra, A.P. & Cote, R.J. (2009). Molecular pathogenesis and diagnostics of bladder cancer. 
Annu Rev Pathol, Vol.4, pp. 251-285 

Miyamoto, H.; Shuin, T.; Torigoe, S.; Iwasaki, Y. & Kubota, Y. (1995). Retinoblastoma gene 
mutations in primary human bladder cancer. Br J Cancer, Vol.71, No.4, pp. 831-835 

Miyata, Y.; Sagara, Y.; Kanda, S.; Hayashi, T. & Kanetake, H. (2009). Phosphorylated 
hepatocyte growth factor receptor/c-Met is associated with tumor growth and 
prognosis in patients with bladder cancer: correlation with matrix 
metalloproteinase-2 and -7 and E-cadherin. Hum Pathol, Vol.40, No.4, pp. 496-504 

Mizutani, Y.; Hongo, F.; Sato, N.; Ogawa, O.; Yoshida, O. & Miki, T. (2001). Significance of 
serum soluble Fas ligand in patients with bladder carcinoma. Cancer, Vol.92, No.2, 
pp. 287-293 

Muller, M. (2002). Telomerase: its clinical relevance in the diagnosis of bladder cancer. 
Oncogene, Vol.21, No.4, pp. 650-655 

Nakopoulou, L.; Zervas, A.; Gakiopoulou-Givalou, H.; Constantinides, C.; Doumanis, G.; 
Davaris, P. & Dimopoulos, C. (2000). Prognostic value of E-cadherin, beta-catenin, 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

36

P120ctn in patients with transitional cell bladder cancer. Anticancer Res, Vol.20, 
No.6B, pp. 4571-4578 

Nguyen, M.; Watanabe, H.; Budson, A.E.; Richie, J.P. & Folkman, J. (1993). Elevated levels of 
the angiogenic peptide basic fibroblast growth factor in urine of bladder cancer 
patients. J Natl Cancer Inst, Vol.85, No.3, pp. 241-242 

Niehans, G.A.; Kratzke, R.A.; Froberg, M.K.; Aeppli, D.M.; Nguyen, P.L. & Geradts, J. (1999). 
G1 checkpoint protein and p53 abnormalities occur in most invasive transitional 
cell carcinomas of the urinary bladder. Br J Cancer, Vol.80, No.8, pp. 1175-1184 

Nutt, J.E.; Mellon, J.K.; Qureshi, K. & Lunec, J. (1998). Matrix metalloproteinase-1 is induced 
by epidermal growth factor in human bladder tumour cell lines and is detectable in 
urine of patients with bladder tumours. Br J Cancer, Vol.78, No.2, pp. 215-220 

Nutt, J.E.; Durkan, G.C.; Mellon, J.K. & Lunec, J. (2003). Matrix metalloproteinases (MMPs) 
in bladder cancer: the induction of MMP9 by epidermal growth factor and its 
detection in urine. BJU Int, Vol.91, No.1, pp. 99-104 

Oeggerli, M.; Tomovska, S.; Schraml, P.; Calvano-Forte, D.; Schafroth, S.; Simon, R.; Gasser, 
T.; Mihatsch, M.J. & Sauter, G. (2004). E2F3 amplification and overexpression is 
associated with invasive tumor growth and rapid tumor cell proliferation in 
urinary bladder cancer. Oncogene, Vol.23, No.33, pp. 5616-5623 

Oeggerli, M.; Schraml, P.; Ruiz, C.; Bloch, M.; Novotny, H.; Mirlacher, M.; Sauter, G. & 
Simon, R. (2006). E2F3 is the main target gene of the 6p22 amplicon with high 
specificity for human bladder cancer. Oncogene, Vol.25, No.49, pp. 6538-6543 

Olsson, A.Y.; Feber, A.; Edwards, S.; Te Poele, R.; Giddings, I.; Merson, S. & Cooper, C.S. 
(2007). Role of E2F3 expression in modulating cellular proliferation rate in human 
bladder and prostate cancer cells. Oncogene, Vol.26, No.7, pp. 1028-1037 

Olumi, A.F.; Tsai, Y.C.; Nichols, P.W.; Skinner, D.G.; Cain, D.R.; Bender, L.I. & Jones, P.A. 
(1990). Allelic loss of chromosome 17p distinguishes high grade from low grade 
transitional cell carcinomas of the bladder. Cancer Res, Vol.50, No.21, pp. 7081-7083 

Ong, F.; Moonen, L.M.; Gallee, M.P.; ten Bosch, C.; Zerp, S.F.; Hart, A.A.; Bartelink, H. & 
Verheij, M. (2001). Prognostic factors in transitional cell cancer of the bladder: an 
emerging role for Bcl-2 and p53. Radiother Oncol, Vol.61, No.2, pp. 169-175 

Orlow, I.; Lacombe, L.; Hannon, G.J.; Serrano, M.; Pellicer, I.; Dalbagni, G.; Reuter, V.E.; 
Zhang, Z.F.; Beach, D. & Cordon-Cardo, C. (1995). Deletion of the p16 and p15 
genes in human bladder tumors. J Natl Cancer Inst, Vol.87, No.20, pp. 1524-1529 

Orlow, I.; LaRue, H.; Osman, I.; Lacombe, L.; Moore, L.; Rabbani, F.; Meyer, F.; Fradet, Y. & 
Cordon-Cardo, C. (1999). Deletions of the INK4A gene in superficial bladder 
tumors. Association with recurrence. Am J Pathol, Vol.155, No.1, pp. 105-113 

Oxford, G. & Theodorescu, D. (2003). The role of Ras superfamily proteins in bladder cancer 
progression. J Urol, Vol.170, No.5, pp. 1987-1993 

Palit, V.; Phillips, R.M.; Puri, R.; Shah, T. & Bibby, M.C. (2005). Expression of HIF-1alpha 
and Glut-1 in human bladder cancer. Oncol Rep, Vol.14, No.4, pp. 909-913 

Papathoma, A.S.; Petraki, C.; Grigorakis, A.; Papakonstantinou, H.; Karavana, V.; Stefanakis, 
S.; Sotsiou, F. & Pintzas, A. (2000). Prognostic significance of matrix 
metalloproteinases 2 and 9 in bladder cancer. Anticancer Res, Vol.20, No.3B, pp. 
2009-2013 

Parker, S.B.; Eichele, G.; Zhang, P.; Rawls, A.; Sands, A.T.; Bradley, A.; Olson, E.N.; Harper, 
J.W. & Elledge, S.J. (1995). p53-independent expression of p21Cip1 in muscle and 
other terminally differentiating cells. Science, Vol.267, No.5200, pp. 1024-1027 

www.intechopen.com



 
Bladder Cancer Biology 

 

37 

Pashos, C.L.; Botteman, M.F.; Laskin, B.L. & Redaelli, A. (2002). Bladder cancer: 
epidemiology, diagnosis, and management. Cancer Pract, Vol.10, No.6, pp. 311-322 

Pfister, C.; Moore, L.; Allard, P.; Larue, H.; Lacombe, L.; Tetu, B.; Meyer, F. & Fradet, Y. 
(1999). Predictive value of cell cycle markers p53, MDM2, p21, and Ki-67 in 
superficial bladder tumor recurrence. Clin Cancer Res, Vol.5, No.12, pp. 4079-4084 

Pfister, C.; Larue, H.; Moore, L.; Lacombe, L.; Veilleux, C.; Tetu, B.; Meyer, F. & Fradet, Y. 
(2000). Tumorigenic pathways in low-stage bladder cancer based on p53, MDM2 
and p21 phenotypes. Int J Cancer, Vol.89, No.1, pp. 100-104 

Philp, E.A.; Stephenson, T.J. & Reed, M.W. (1996). Prognostic significance of angiogenesis in 
transitional cell carcinoma of the human urinary bladder. Br J Urol, Vol.77, No.3, 
pp. 352-357 

Platt, F.M.; Hurst, C.D.; Taylor, C.F.; Gregory, W.M.; Harnden, P. & Knowles, M.A. (2009). 
Spectrum of phosphatidylinositol 3-kinase pathway gene alterations in bladder 
cancer. Clin Cancer Res, Vol.15, No.19, pp. 6008-6017 

Ploeg, M.; Aben, K.K. & Kiemeney, L.A. (2009). The present and future burden of urinary 
bladder cancer in the world. World J Urol, Vol.27, No.3, pp. 289-293 

Pollack, A.; Wu, C.S.; Czerniak, B.; Zagars, G.K.; Benedict, W.F. & McDonnell, T.J. (1997). 
Abnormal bcl-2 and pRb expression are independent correlates of radiation 
response in muscle-invasive bladder cancer. Clin Cancer Res, Vol.3, No.10, pp. 1823-
1829 

Polyak, K.; Lee, M.H.; Erdjument-Bromage, H.; Koff, A.; Roberts, J.M.; Tempst, P. & 
Massague, J. (1994). Cloning of p27Kip1, a cyclin-dependent kinase inhibitor and a 
potential mediator of extracellular antimitogenic signals. Cell, Vol.78, No.1, pp. 59-
66 

Popov, Z.; Gil-Diez de Medina, S.; Lefrere-Belda, M.A.; Hoznek, A.; Bastuji-Garin, S.; Abbou, 
C.C.; Thiery, J.P.; Radvanyi, F. & Chopin, D.K. (2000). Low E-cadherin expression in 
bladder cancer at the transcriptional and protein level provides prognostic 
information. Br J Cancer, Vol.83, No.2, pp. 209-214 

Puzio-Kuter, A.M.; Castillo-Martin, M.; Kinkade, C.W.; Wang, X.; Shen, T.H.; Matos, T.; 
Shen, M.M.; Cordon-Cardo, C. & Abate-Shen, C. (2009). Inactivation of p53 and 
Pten promotes invasive bladder cancer. Genes Dev, Vol.23, No.6, pp. 675-680 

Quelle, D.E.; Zindy, F.; Ashmun, R.A. & Sherr, C.J. (1995). Alternative reading frames of the 
INK4a tumor suppressor gene encode two unrelated proteins capable of inducing 
cell cycle arrest. Cell, Vol.83, No.6, pp. 993-1000 

Rabbani, F. & Cordon-Cardo, C. (2000). Mutation of cell cycle regulators and their impact on 
superficial bladder cancer. Urol Clin North Am, Vol.27, No.1, pp. 83-102, 

Rabbani, F.; Koppie, T.M.; Charytonowicz, E.; Drobnjak, M.; Bochner, B.H. & Cordon-Cardo, 
C. (2007). Prognostic significance of p27Kip1 expression in bladder cancer. BJU Int, 
Vol.100, No.2, pp. 259-263 

Ravery, V.; Grignon, D.; Angulo, J.; Pontes, E.; Montie, J.; Crissman, J. & Chopin, D. (1997). 
Evaluation of epidermal growth factor receptor, transforming growth factor alpha, 
epidermal growth factor and c-erbB2 in the progression of invasive bladder cancer. 
Urol Res, Vol.25, No.1, pp. 9-17 

Richter, J.; Beffa, L.; Wagner, U.; Schraml, P.; Gasser, T.C.; Moch, H.; Mihatsch, M.J. & 
Sauter, G. (1998). Patterns of chromosomal imbalances in advanced urinary bladder 
cancer detected by comparative genomic hybridization. Am J Pathol, Vol.153, No.5, 
pp. 1615-1621 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

38

Rieger-Christ, K.M.; Mourtzinos, A.; Lee, P.J.; Zagha, R.M.; Cain, J.; Silverman, M.; Libertino, 
J.A. & Summerhayes, I.C. (2003). Identification of fibroblast growth factor receptor 
3 mutations in urine sediment DNA samples complements cytology in bladder 
tumor detection. Cancer, Vol.98, No.4, pp. 737-744 

Rosen, E.M.; Joseph, A.; Jin, L.; Yao, Y.; Chau, M.H.; Fuchs, A.; Gomella, L.; Hastings, H.; 
Goldberg, I.D. & Weiss, G.H. (1997). Urinary and tissue levels of scatter factor in 
transitional cell carcinoma of bladder. J Urol, Vol.157, No.1, pp. 72-78 

Rothman, N.; Garcia-Closas, M.; Chatterjee, N.; Malats, N.; Wu, X.; Figueroa, J.D.; Real, F.X.; 
Van Den Berg, D.; Matullo, G.; Baris, D.; Thun, M.; Kiemeney, L.A.; Vineis, P.; De 
Vivo, I.; Albanes, D.; Purdue, M.P.; Rafnar, T.; Hildebrandt, M.A.; Kiltie, A.E.; 
Cussenot, O.; Golka, K.; Kumar, R.; Taylor, J.A.; Mayordomo, J.I.; Jacobs, K.B.; 
Kogevinas, M.; Hutchinson, A.; Wang, Z.; Fu, Y.P.; Prokunina-Olsson, L.; Burdett, 
L.; Yeager, M.; Wheeler, W.; Tardon, A.; Serra, C.; Carrato, A.; Garcia-Closas, R.; 
Lloreta, J.; Johnson, A.; Schwenn, M.; Karagas, M.R.; Schned, A.; Andriole, G., Jr.; 
Grubb, R., 3rd; Black, A.; Jacobs, E.J.; Diver, W.R.; Gapstur, S.M.; Weinstein, S.J.; 
Virtamo, J.; Cortessis, V.K.; Gago-Dominguez, M.; Pike, M.C.; Stern, M.C.; Yuan, 
J.M.; Hunter, D.J.; McGrath, M.; Dinney, C.P.; Czerniak, B.; Chen, M.; Yang, H.; 
Vermeulen, S.H.; Aben, K.K.; Witjes, J.A.; Makkinje, R.R.; Sulem, P.; Besenbacher, 
S.; Stefansson, K.; Riboli, E.; Brennan, P.; Panico, S.; Navarro, C.; Allen, N.E.; Bueno-
de-Mesquita, H.B.; Trichopoulos, D.; Caporaso, N.; Landi, M.T.; Canzian, F.; 
Ljungberg, B.; Tjonneland, A.; Clavel-Chapelon, F.; Bishop, D.T.; Teo, M.T.; 
Knowles, M.A.; Guarrera, S.; Polidoro, S.; Ricceri, F.; Sacerdote, C.; Allione, A.; 
Cancel-Tassin, G.; Selinski, S.; Hengstler, J.G.; Dietrich, H.; Fletcher, T.; Rudnai, P.; 
Gurzau, E.; Koppova, K.; Bolick, S.C.; Godfrey, A.; Xu, Z.; Sanz-Velez, J.I.; M, D.G.-
P.; Sanchez, M.; Valdivia, G.; Porru, S.; Benhamou, S.; Hoover, R.N.; Fraumeni, J.F., 
Jr.; Silverman, D.T. & Chanock, S.J. (2010). A multi-stage genome-wide association 
study of bladder cancer identifies multiple susceptibility loci. Nat Genet, Vol.42, 
No.11, pp. 978-984 

Rotterud, R.; Nesland, J.M.; Berner, A. & Fossa, S.D. (2005). Expression of the epidermal 
growth factor receptor family in normal and malignant urothelium. BJU Int, Vol.95, 
No.9, pp. 1344-1350 

Sanchez-Carbayo, M.; Socci, N.D.; Kirchoff, T.; Erill, N.; Offit, K.; Bochner, B.H. & Cordon-
Cardo, C. (2007). A polymorphism in HDM2 (SNP309) associates with early onset 
in superficial tumors, TP53 mutations, and poor outcome in invasive bladder 
cancer. Clin Cancer Res, Vol.13, No.11, pp. 3215-3220 

Sanderson, S.; Salanti, G. & Higgins, J. (2007). Joint effects of the N-acetyltransferase 1 and 2 
(NAT1 and NAT2) genes and smoking on bladder carcinogenesis: a literature-
based systematic HuGE review and evidence synthesis. Am J Epidemiol, Vol.166, 
No.7, pp. 741-751 

Sarkar, S.; Julicher, K.P.; Burger, M.S.; Della Valle, V.; Larsen, C.J.; Yeager, T.R.; Grossman, 
T.B.; Nickells, R.W.; Protzel, C.; Jarrard, D.F. & Reznikoff, C.A. (2000). Different 
combinations of genetic/epigenetic alterations inactivate the p53 and pRb 
pathways in invasive human bladder cancers. Cancer Res, Vol.60, No.14, pp. 3862-
3871 

Sarkis, A.S.; Dalbagni, G.; Cordon-Cardo, C.; Zhang, Z.F.; Sheinfeld, J.; Fair, W.R.; Herr, 
H.W. & Reuter, V.E. (1993). Nuclear overexpression of p53 protein in transitional 

www.intechopen.com



 
Bladder Cancer Biology 

 

39 

cell bladder carcinoma: a marker for disease progression. J Natl Cancer Inst, Vol.85, 
No.1, pp. 53-59 

Sarkis, A.S.; Bajorin, D.F.; Reuter, V.E.; Herr, H.W.; Netto, G.; Zhang, Z.F.; Schultz, P.K.; 
Cordon-Cardo, C. & Scher, H.I. (1995). Prognostic value of p53 nuclear 
overexpression in patients with invasive bladder cancer treated with neoadjuvant 
MVAC. J Clin Oncol, Vol.13, No.6, pp. 1384-1390 

Sato, K.; Sasaki, R.; Ogura, Y.; Shimoda, N.; Togashi, H.; Terada, K.; Sugiyama, T.; 
Kakinuma, H.; Ogawa, O. & Kato, T. (1998). Expression of vascular endothelial 
growth factor gene and its receptor (flt-1) gene in urinary bladder cancer. Tohoku J 
Exp Med, Vol.185, No.3, pp. 173-184 

Schultz, I.J.; Kiemeney, L.A.; Witjes, J.A.; Schalken, J.A.; Willems, J.L.; Swinkels, D.W. & de 
Kok, J.B. (2003). Survivin mRNA expression is elevated in malignant urothelial cell 
carcinomas and predicts time to recurrence. Anticancer Res, Vol.23, No.4, pp. 3327-
3331 

Schultz, L.; Albadine, R.; Hicks, J.; Jadallah, S.; DeMarzo, A.M.; Chen, Y.B.; Neilsen, M.E.; 
Gonzalgo, M.L.; Sidransky, D.; Schoenberg, M. & Netto, G.J. (2010). Expression 
status and prognostic significance of mammalian target of rapamycin pathway 
members in urothelial carcinoma of urinary bladder after cystectomy. Cancer, 
Vol.116, No.23, pp. 5517-5526 

Seddighzadeh, M.; Steineck, G.; Larsson, P.; Wijkstrom, H.; Norming, U.; Onelov, E. & 
Linder, S. (2002). Expression of UPA and UPAR is associated with the clinical 
course of urinary bladder neoplasms. Int J Cancer, Vol.99, No.5, pp. 721-726 

Serizawa, R.R.; Ralfkiaer, U.; Steven, K.; Lam, G.W.; Schmiedel, S.; Schuz, J.; Hansen, A.B.; 
Horn, T. & Guldberg, P. (2011). Integrated genetic and epigenetic analysis of 
bladder cancer reveals an additive diagnostic value of FGFR3 mutations and 
hypermethylation events. Int J Cancer, Vol.129, No.1, pp. 78-87 

Serrano, M.; Hannon, G.J. & Beach, D. (1993). A new regulatory motif in cell-cycle control 
causing specific inhibition of cyclin D/CDK4. Nature, Vol.366, No.6456, pp. 704-707 

Serth, J.; Kuczyk, M.A.; Bokemeyer, C.; Hervatin, C.; Nafe, R.; Tan, H.K. & Jonas, U. (1995). 
p53 immunohistochemistry as an independent prognostic factor for superficial 
transitional cell carcinoma of the bladder. Br J Cancer, Vol.71, No.1, pp. 201-205 

Sgambato, A.; Migaldi, M.; Faraglia, B.; Garagnani, L.; Romano, G.; De Gaetani, C.; Ferrari, 
P.; Capelli, G.; Trentini, G.P. & Cittadini, A. (1999). Loss of P27Kip1 expression 
correlates with tumor grade and with reduced disease-free survival in primary 
superficial bladder cancers. Cancer Res, Vol.59, No.13, pp. 3245-3250 

Shariat, S.F.; Monoski, M.A.; Andrews, B.; Wheeler, T.M.; Lerner, S.P. & Slawin, K.M. (2003). 
Association of plasma urokinase-type plasminogen activator and its receptor with 
clinical outcome in patients undergoing radical cystectomy for transitional cell 
carcinoma of the bladder. Urology, Vol.61, No.5, pp. 1053-1058 

Shariat, S.F.; Tokunaga, H.; Zhou, J.; Kim, J.; Ayala, G.E.; Benedict, W.F. & Lerner, S.P. 
(2004). p53, p21, pRB, and p16 expression predict clinical outcome in cystectomy 
with bladder cancer. J Clin Oncol, Vol.22, No.6, pp. 1014-1024 

Shariat, S.F.; Ashfaq, R.; Sagalowsky, A.I. & Lotan, Y. (2006). Correlation of cyclin D1 and E1 
expression with bladder cancer presence, invasion, progression, and metastasis. 
Hum Pathol, Vol.37, No.12, pp. 1568-1576 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

40

Shariat, S.F.; Ashfaq, R.; Karakiewicz, P.I.; Saeedi, O.; Sagalowsky, A.I. & Lotan, Y. (2007a). 
Survivin expression is associated with bladder cancer presence, stage, progression, 
and mortality. Cancer, Vol.109, No.6, pp. 1106-1113 

Shariat, S.F.; Ashfaq, R.; Sagalowsky, A.I. & Lotan, Y. (2007b). Association of cyclin D1 and 
E1 expression with disease progression and biomarkers in patients with 
nonmuscle-invasive urothelial cell carcinoma of the bladder. Urol Oncol, Vol.25, 
No.6, pp. 468-475 

Shariat, S.F.; Ashfaq, R.; Sagalowsky, A.I. & Lotan, Y. (2007c). Predictive value of cell cycle 
biomarkers in nonmuscle invasive bladder transitional cell carcinoma. J Urol, 
Vol.177, No.2, pp. 481-487; 

Shariat, S.F.; Zlotta, A.R.; Ashfaq, R.; Sagalowsky, A.I. & Lotan, Y. (2007d). Cooperative 
effect of cell-cycle regulators expression on bladder cancer development and 
biologic aggressiveness. Mod Pathol, Vol.20, No.4, pp. 445-459 

Shariat, S.F.; Bolenz, C.; Godoy, G.; Fradet, Y.; Ashfaq, R.; Karakiewicz, P.I.; Isbarn, H.; 
Jeldres, C.; Rigaud, J.; Sagalowsky, A.I. & Lotan, Y. (2009a). Predictive value of 
combined immunohistochemical markers in patients with pT1 urothelial carcinoma 
at radical cystectomy. J Urol, Vol.182, No.1, pp. 78-84;  

Shariat, S.F.; Lotan, Y.; Karakiewicz, P.I.; Ashfaq, R.; Isbarn, H.; Fradet, Y.; Bastian, P.J.; 
Nielsen, M.E.; Capitanio, U.; Jeldres, C.; Montorsi, F.; Muller, S.C.; Karam, J.A.; 
Heukamp, L.C.; Netto, G.; Lerner, S.P.; Sagalowsky, A.I. & Cote, R.J. (2009b). p53 
predictive value for pT1-2 N0 disease at radical cystectomy. J Urol, Vol.182, No.3, 
pp. 907-913 

Shiff, C.; Naples, J.M.; Isharwal, S.; Bosompem, K.M. & Veltri, R.W. (2010). Non-invasive 
methods to detect schistosome-based bladder cancer: is the association sufficient 
for epidemiological use? Trans R Soc Trop Med Hyg, Vol.104, No.1, pp. 3-5  

Shimazui, T.; Schalken, J.A.; Giroldi, L.A.; Jansen, C.F.; Akaza, H.; Koiso, K.; Debruyne, F.M. 
& Bringuier, P.P. (1996). Prognostic value of cadherin-associated molecules (alpha-, 
beta-, and gamma-catenins and p120cas) in bladder tumors. Cancer Res, Vol.56, 
No.18, pp. 4154-4158 

Shinohara, A.; Sakano, S.; Hinoda, Y.; Nishijima, J.; Kawai, Y.; Misumi, T.; Nagao, K.; Hara, 
T. & Matsuyama, H. (2009). Association of TP53 and MDM2 polymorphisms with 
survival in bladder cancer patients treated with chemoradiotherapy. Cancer Sci, 
Vol.100, No.12, pp. 2376-2382  

Sidransky, D.; Von Eschenbach, A.; Tsai, Y.C.; Jones, P.; Summerhayes, I.; Marshall, F.; Paul, 
M.; Green, P.; Hamilton, S.R.; Frost, P. & et al. (1991). Identification of p53 gene 
mutations in bladder cancers and urine samples. Science, Vol.252, No.5006, pp. 706-
709 

Sier, C.F.; Casetta, G.; Verheijen, J.H.; Tizzani, A.; Agape, V.; Kos, J.; Blasi, F. & Hanemaaijer, 
R. (2000). Enhanced urinary gelatinase activities (matrix metalloproteinases 2 and 
9) are associated with early-stage bladder carcinoma: a comparison with clinically 
used tumor markers. Clin Cancer Res, Vol.6, No.6, pp. 2333-2340 

Simon, R.; Burger, H.; Semjonow, A.; Hertle, L.; Terpe, H.J. & Bocker, W. (2000). Patterns of 
chromosomal imbalances in muscle invasive bladder cancer. Int J Oncol, Vol.17, 
No.5, pp. 1025-1029 

Simon, R.; Struckmann, K.; Schraml, P.; Wagner, U.; Forster, T.; Moch, H.; Fijan, A.; 
Bruderer, J.; Wilber, K.; Mihatsch, M.J.; Gasser, T. & Sauter, G. (2002). Amplification 

www.intechopen.com



 
Bladder Cancer Biology 

 

41 

pattern of 12q13-q15 genes (MDM2, CDK4, GLI) in urinary bladder cancer. 
Oncogene, Vol.21, No.16, pp. 2476-2483 

Simoneau, M.; LaRue, H.; Aboulkassim, T.O.; Meyer, F.; Moore, L. & Fradet, Y. (2000). 
Chromosome 9 deletions and recurrence of superficial bladder cancer: 
identification of four regions of prognostic interest. Oncogene, Vol.19, No.54, pp. 
6317-6323 

Slaton, J.W.; Millikan, R.; Inoue, K.; Karashima, T.; Czerniak, B.; Shen, Y.; Yang, Y.; Benedict, 
W.F. & Dinney, C.P. (2004). Correlation of metastasis related gene expression and 
relapse-free survival in patients with locally advanced bladder cancer treated with 
cystectomy and chemotherapy. J Urol, Vol.171, No.2 Pt 1, pp. 570-574 

Stadler, W.M. (2009). Randomized trial of p53 targeted adjuvant therapy for patients (pts) 
with organ- confined node-negative urothelial bladder cancer (UBC). J Clin Oncol, 
Vol.27, No.15s, abstract 5017 

Stein, J.P.; Ginsberg, D.A.; Grossfeld, G.D.; Chatterjee, S.J.; Esrig, D.; Dickinson, M.G.; 
Groshen, S.; Taylor, C.R.; Jones, P.A.; Skinner, D.G. & Cote, R.J. (1998). Effect of 
p21WAF1/CIP1 expression on tumor progression in bladder cancer. J Natl Cancer 
Inst, Vol.90, No.14, pp. 1072-1079 

Strope, S.A. & Montie, J.E. (2008). The causal role of cigarette smoking in bladder cancer 
initiation and progression, and the role of urologists in smoking cessation. J Urol, 
Vol.180, No.1, pp. 31-37;  

Sun, C.H.; Chang, Y.H. & Pan, C.C. (2011). Activation of the PI3K/Akt/mTOR pathway 
correlates with tumour progression and reduced survival in patients with 
urothelial carcinoma of the urinary bladder. Histopathology, Vol.58, No.7, pp. 1054-
1063 

Svatek, R.S.; Herman, M.P.; Lotan, Y.; Casella, R.; Hsieh, J.T.; Sagalowsky, A.I. & Shariat, S.F. 
(2006). Soluble Fas--a promising novel urinary marker for the detection of recurrent 
superficial bladder cancer. Cancer, Vol.106, No.8, pp. 1701-1707 

Swana, H.S.; Grossman, D.; Anthony, J.N.; Weiss, R.M. & Altieri, D.C. (1999). Tumor content 
of the antiapoptosis molecule survivin and recurrence of bladder cancer. N Engl J 
Med, Vol.341, No.6, pp. 452-453 

Sylvester, R.J.; van der Meijden, A.P.; Oosterlinck, W.; Witjes, J.A.; Bouffioux, C.; Denis, L.; 
Newling, D.W. & Kurth, K. (2006). Predicting recurrence and progression in 
individual patients with stage Ta T1 bladder cancer using EORTC risk tables: a 
combined analysis of 2596 patients from seven EORTC trials. Eur Urol, Vol.49, 
No.3, pp. 466-465; discussion 475-467 

Szarvas, T.; Jager, T.; Totsch, M.; vom Dorp, F.; Kempkensteffen, C.; Kovalszky, I.; Romics, 
I.; Ergun, S. & Rubben, H. (2008). Angiogenic switch of angiopietins-Tie2 system 
and its prognostic value in bladder cancer. Clin Cancer Res, Vol.14, No.24, pp. 8253-
8262 

Takahashi, R.; Hashimoto, T.; Xu, H.J.; Hu, S.X.; Matsui, T.; Miki, T.; Bigo-Marshall, H.; 
Aaronson, S.A. & Benedict, W.F. (1991). The retinoblastoma gene functions as a 
growth and tumor suppressor in human bladder carcinoma cells. Proc Natl Acad Sci 
U S A, Vol.88, No.12, pp. 5257-5261 

Teng, D.H.; Hu, R.; Lin, H.; Davis, T.; Iliev, D.; Frye, C.; Swedlund, B.; Hansen, K.L.; Vinson, 
V.L.; Gumpper, K.L.; Ellis, L.; El-Naggar, A.; Frazier, M.; Jasser, S.; Langford, L.A.; 
Lee, J.; Mills, G.B.; Pershouse, M.A.; Pollack, R.E.; Tornos, C.; Troncoso, P.; Yung, 
W.K.; Fujii, G.; Berson, A.; Steck, P.A. & et al. (1997). MMAC1/PTEN mutations in 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

42

primary tumor specimens and tumor cell lines. Cancer Res, Vol.57, No.23, pp. 5221-
5225 

Theodoropoulos, V.E.; Lazaris, A.; Sofras, F.; Gerzelis, I.; Tsoukala, V.; Ghikonti, I.; Manikas, 
K. & Kastriotis, I. (2004). Hypoxia-inducible factor 1 alpha expression correlates 
with angiogenesis and unfavorable prognosis in bladder cancer. Eur Urol, Vol.46, 
No.2, pp. 200-208 

Theodoropoulos, V.E.; Lazaris, A.C.; Kastriotis, I.; Spiliadi, C.; Theodoropoulos, G.E.; 
Tsoukala, V.; Patsouris, E. & Sofras, F. (2005). Evaluation of hypoxia-inducible 
factor 1alpha overexpression as a predictor of tumour recurrence and progression 
in superficial urothelial bladder carcinoma. BJU Int, Vol.95, No.3, pp. 425-431 

Thogersen, V.B.; Sorensen, B.S.; Poulsen, S.S.; Orntoft, T.F.; Wolf, H. & Nexo, E. (2001). A 
subclass of HER1 ligands are prognostic markers for survival in bladder cancer 
patients. Cancer Res, Vol.61, No.16, pp. 6227-6233 

Tsuruta, H.; Kishimoto, H.; Sasaki, T.; Horie, Y.; Natsui, M.; Shibata, Y.; Hamada, K.; Yajima, 
N.; Kawahara, K.; Sasaki, M.; Tsuchiya, N.; Enomoto, K.; Mak, T.W.; Nakano, T.; 
Habuchi, T. & Suzuki, A. (2006). Hyperplasia and carcinomas in Pten-deficient mice 
and reduced PTEN protein in human bladder cancer patients. Cancer Res, Vol.66, 
No.17, pp. 8389-8396 

Turkeri, L.N.; Erton, M.L.; Cevik, I. & Akdas, A. (1998). Impact of the expression of 
epidermal growth factor, transforming growth factor alpha, and epidermal growth 
factor receptor on the prognosis of superficial bladder cancer. Urology, Vol.51, No.4, 
pp. 645-649 

Tut, V.M.; Braithwaite, K.L.; Angus, B.; Neal, D.E.; Lunec, J. & Mellon, J.K. (2001). Cyclin D1 
expression in transitional cell carcinoma of the bladder: correlation with p53, waf1, 
pRb and Ki67. Br J Cancer, Vol.84, No.2, pp. 270-275 

van Oers, J.M.; Wild, P.J.; Burger, M.; Denzinger, S.; Stoehr, R.; Rosskopf, E.; Hofstaedter, F.; 
Steyerberg, E.W.; Klinkhammer-Schalke, M.; Zwarthoff, E.C.; van der Kwast, T.H. 
& Hartmann, A. (2007). FGFR3 mutations and a normal CK20 staining pattern 
define low-grade noninvasive urothelial bladder tumours. Eur Urol, Vol.52, No.3, 
pp. 760-768 

van Oers, J.M.; Zwarthoff, E.C.; Rehman, I.; Azzouzi, A.R.; Cussenot, O.; Meuth, M.; Hamdy, 
F.C. & Catto, J.W. (2009). FGFR3 mutations indicate better survival in invasive 
upper urinary tract and bladder tumours. Eur Urol, Vol.55, No.3, pp. 650-657 

van Rhijn, B.W.; Lurkin, I.; Radvanyi, F.; Kirkels, W.J.; van der Kwast, T.H. & Zwarthoff, 
E.C. (2001). The fibroblast growth factor receptor 3 (FGFR3) mutation is a strong 
indicator of superficial bladder cancer with low recurrence rate. Cancer Res, Vol.61, 
No.4, pp. 1265-1268 

van Rhijn, B.W.; van der Kwast, T.H.; Vis, A.N.; Kirkels, W.J.; Boeve, E.R.; Jobsis, A.C. & 
Zwarthoff, E.C. (2004). FGFR3 and P53 characterize alternative genetic pathways in 
the pathogenesis of urothelial cell carcinoma. Cancer Res, Vol.64, No.6, pp. 1911-
1914 

van Rhijn, B.W.; Burger, M.; Lotan, Y.; Solsona, E.; Stief, C.G.; Sylvester, R.J.; Witjes, J.A. & 
Zlotta, A.R. (2009). Recurrence and Progression of Disease in Non-Muscle-Invasive 
Bladder Cancer: From Epidemiology to Treatment Strategy. Eur Urol, Vol.56, No.3, 
pp. 430-442  

van Rhijn, B.W.; Zuiverloon, T.C.; Vis, A.N.; Radvanyi, F.; van Leenders, G.J.; Ooms, B.C.; 
Kirkels, W.J.; Lockwood, G.A.; Boeve, E.R.; Jobsis, A.C.; Zwarthoff, E.C. & van der 

www.intechopen.com



 
Bladder Cancer Biology 

 

43 

Kwast, T.H. (2010). Molecular grade (FGFR3/MIB-1) and EORTC risk scores are 
predictive in primary non-muscle-invasive bladder cancer. Eur Urol, Vol.58, No.3, 
pp. 433-441 

Vasala, K.; Paakko, P. & Turpeenniemi-Hujanen, T. (2003). Matrix metalloproteinase-2 
immunoreactive protein as a prognostic marker in bladder cancer. Urology, Vol.62, 
No.5, pp. 952-957 

Wada, T.; Louhelainen, J.; Hemminki, K.; Adolfsson, J.; Wijkstrom, H.; Norming, U.; 
Borgstrom, E.; Hansson, J.; Sandstedt, B. & Steineck, G. (2000). Bladder cancer: 
allelic deletions at and around the retinoblastoma tumor suppressor gene in 
relation to stage and grade. Clin Cancer Res, Vol.6, No.2, pp. 610-615 

Waldman, T.; Lengauer, C.; Kinzler, K.W. & Vogelstein, B. (1996). Uncoupling of S phase 
and mitosis induced by anticancer agents in cells lacking p21. Nature, Vol.381, 
No.6584, pp. 713-716 

Wallard, M.J.; Pennington, C.J.; Veerakumarasivam, A.; Burtt, G.; Mills, I.G.; Warren, A.; 
Leung, H.Y.; Murphy, G.; Edwards, D.R.; Neal, D.E. & Kelly, J.D. (2006). 
Comprehensive profiling and localisation of the matrix metalloproteinases in 
urothelial carcinoma. Br J Cancer, Vol.94, No.4, pp. 569-577 

Wang, P.; Nishitani, M.A.; Tanimoto, S.; Kishimoto, T.; Fukumori, T.; Takahashi, M. & 
Kanayama, H.O. (2007). Bladder cancer cell invasion is enhanced by cross-talk with 
fibroblasts through hepatocyte growth factor. Urology, Vol.69, No.4, pp. 780-784 

Weikert, S.; Christoph, F.; Schrader, M.; Krause, H.; Miller, K. & Muller, M. (2005a). 
Quantitative analysis of survivin mRNA expression in urine and tumor tissue of 
bladder cancer patients and its potential relevance for disease detection and 
prognosis. Int J Cancer, Vol.116, No.1, pp. 100-104 

Weikert, S.; Krause, H.; Wolff, I.; Christoph, F.; Schrader, M.; Emrich, T.; Miller, K. & Muller, 
M. (2005b). Quantitative evaluation of telomerase subunits in urine as biomarkers 
for noninvasive detection of bladder cancer. Int J Cancer, Vol.117, No.2, pp. 274-280 

Weiss, C.; von Romer, F.; Capalbo, G.; Ott, O.J.; Wittlinger, M.; Krause, S.F.; Sauer, R.; Rodel, 
C. & Rodel, F. (2009). Survivin expression as a predictive marker for local control in 
patients with high-risk T1 bladder cancer treated with transurethral resection and 
radiochemotherapy. Int J Radiat Oncol Biol Phys, Vol.74, No.5, pp. 1455-1460 

Williams, S.G. & Stein, J.P. (2004). Molecular pathways in bladder cancer. Urol Res, Vol.32, 
No.6, pp. 373-385 

Williams, S.V.; Sibley, K.D.; Davies, A.M.; Nishiyama, H.; Hornigold, N.; Coulter, J.; 
Kennedy, W.J.; Skilleter, A.; Habuchi, T. & Knowles, M.A. (2002). Molecular genetic 
analysis of chromosome 9 candidate tumor-suppressor loci in bladder cancer cell 
lines. Genes Chromosomes Cancer, Vol.34, No.1, pp. 86-96 

Williamson, M.P.; Elder, P.A.; Shaw, M.E.; Devlin, J. & Knowles, M.A. (1995). p16 (CDKN2) 
is a major deletion target at 9p21 in bladder cancer. Hum Mol Genet, Vol.4, No.9, pp. 
1569-1577 

Wolf, H.K.; Stober, C.; Hohenfellner, R. & Leissner, J. (2001). Prognostic value of p53, 
p21/WAF1, Bcl-2, Bax, Bak and Ki-67 immunoreactivity in pT1 G3 urothelial 
bladder carcinomas. Tumour Biol, Vol.22, No.5, pp. 328-336 

Wu, X.; Bayle, J.H.; Olson, D. & Levine, A.J. (1993). The p53-mdm-2 autoregulatory feedback 
loop. Genes Dev, Vol.7, No.7A, pp. 1126-1132 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

44

Wu, X.; Obata, T.; Khan, Q.; Highshaw, R.A.; De Vere White, R. & Sweeney, C. (2004). The 
phosphatidylinositol-3 kinase pathway regulates bladder cancer cell invasion. BJU 
Int, Vol.93, No.1, pp. 143-150 

Wu, X. (2005). Urothelial tumorigenesis: a tale of divergent pathways. Nat Rev Cancer, Vol.5, 
No.9, pp. 713-725 

Wu, X.; Ye, Y.; Kiemeney, L.A.; Sulem, P.; Rafnar, T.; Matullo, G.; Seminara, D.; Yoshida, T.; 
Saeki, N.; Andrew, A.S.; Dinney, C.P.; Czerniak, B.; Zhang, Z.F.; Kiltie, A.E.; 
Bishop, D.T.; Vineis, P.; Porru, S.; Buntinx, F.; Kellen, E.; Zeegers, M.P.; Kumar, R.; 
Rudnai, P.; Gurzau, E.; Koppova, K.; Mayordomo, J.I.; Sanchez, M.; Saez, B.; 
Lindblom, A.; de Verdier, P.; Steineck, G.; Mills, G.B.; Schned, A.; Guarrera, S.; 
Polidoro, S.; Chang, S.C.; Lin, J.; Chang, D.W.; Hale, K.S.; Majewski, T.; Grossman, 
H.B.; Thorlacius, S.; Thorsteinsdottir, U.; Aben, K.K.; Witjes, J.A.; Stefansson, K.; 
Amos, C.I.; Karagas, M.R. & Gu, J. (2009). Genetic variation in the prostate stem cell 
antigen gene PSCA confers susceptibility to urinary bladder cancer. Nat Genet, 
Vol.41, No.9, pp. 991-995 

Xia, G.; Kumar, S.R.; Hawes, D.; Cai, J.; Hassanieh, L.; Groshen, S.; Zhu, S.; Masood, R.; 
Quinn, D.I.; Broek, D.; Stein, J.P. & Gill, P.S. (2006). Expression and significance of 
vascular endothelial growth factor receptor 2 in bladder cancer. J Urol, Vol.175, 
No.4, pp. 1245-1252 

Xu, H.J.; Cairns, P.; Hu, S.X.; Knowles, M.A. & Benedict, W.F. (1993). Loss of RB protein 
expression in primary bladder cancer correlates with loss of heterozygosity at the 
RB locus and tumor progression. Int J Cancer, Vol.53, No.5, pp. 781-784 

Yamana, K.; Bilim, V.; Hara, N.; Kasahara, T.; Itoi, T.; Maruyama, R.; Nishiyama, T.; 
Takahashi, K. & Tomita, Y. (2005). Prognostic impact of FAS/CD95/APO-1 in 
urothelial cancers: decreased expression of Fas is associated with disease 
progression. Br J Cancer, Vol.93, No.5, pp. 544-551 

www.intechopen.com



Bladder Cancer - From Basic Science to Robotic Surgery

Edited by Dr. Abdullah Canda

ISBN 978-953-307-839-7

Hard cover, 460 pages

Publisher InTech

Published online 01, February, 2012

Published in print edition February, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book is an invaluable source of knowledge on bladder cancer biology, epidemiology, biomarkers,

prognostic factors, and clinical presentation and diagnosis. It is also rich with plenty of up-to-date information,

in a well-organized and easy to use format, focusing on the treatment of bladder cancer including surgery,

chemotherapy, radiation therapy, immunotherapy, and vaccine therapy. These chapters, written by the experts

in their fields, include many interesting, demonstrative and colorful pictures, figures, illustrations and tables.

Due to its practicality, this book is recommended reading to anyone interested in bladder cancer.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Susanne Fuessel, Doreen Kunze and Manfred P. Wirth (2012). Bladder Cancer Biology, Bladder Cancer -

From Basic Science to Robotic Surgery, Dr. Abdullah Canda (Ed.), ISBN: 978-953-307-839-7, InTech,

Available from: http://www.intechopen.com/books/bladder-cancer-from-basic-science-to-robotic-

surgery/bladder-cancer-biology



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


