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1. INTRODUCTION 

1.1. Epidemiology of bladder cancer 

Tumours of the urinary bladder account approximately 3% of all types of 

cancers worldwide, being the 7th most common cancer. It develops preferentially in 

males, the estimated male: female ratio is 3.8:1.0. The prevalence of bladder cancer is 6 

times higher in developed countries than in developing countries. The worldwide age 

standardized incidence rate (ASR) is 10.1 per 100,000 for males and 2.5 per 100,000 for 

females. In Europe, the highest incidence (ASR) has been reported in the Western (23.6 

in males and 5.4 in females) and Southern (27.1 in males and 4.1 in females) regions, 

followed by Northern Europe (16.9 in males and 4.9 in females). The lowest incidence 

is observed in Eastern European countries (14.7 in males and 2.2 in females). In Europe, 

mortality rates show a substantial decline over the last decade of about 16% in men and 

about 12% in women [1]. 

1.2. Pathology of bladder cancer 

Bladder cancer is any of several types of malignancies arising from the 

epithelial lining of the urinary bladder. Transitional or urothelial cell cancer is the most 

common type of bladder cancer. Urothelial carcinoma (UC) makes up around 90% of 

all bladder cancer cases. About 6% to 8% are squamous cell carcinomas, and 2% are 

adenocarcinomas. Occasionally, sarcoma, small cell carcinoma and metastases may 

occur [2]. 

In 1973 the World Health Organization (WHO) classified urothelial 

papilloma and 3 grading levels such as well/moderately/poorly differentiated urothelial 

carcinomas. In 1998, the International Society of Urological Pathology (ISUP) proposed 

a new classification of non-invasive urothelial tumours, which was published by the 

WHO in 2004 [3, 4]. It gives a more detailed histological description of the various 

grades using specific cytological and architectural criteria. The flat lesions include 

urothelial hyperplasia, reactive urothelial atypia, atypia of unknown significance, 

dysplasia and CIS (carcinoma in situ) (Figure 1). Among non-invasive papillary 

urothelial lesions, the new grading differentiates between papillary urothelial neoplasm 
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of low malignant potential (PUNLMP) and low-grade and high-grade urothelial 

carcinomas. PUNLMPs are defined as lesions that do not have cytological features of 

malignancy but show normal urothelial cells in a papillary configuration. Although they 

have a negligible risk for progression, they are not completely benign. It was shown that 

the 2004 WHO classification has a better reproducibility than the WHO 1973 

classification (at least for pathologists who developed the system). The prognostic value 

of both grading systems (WHO 1973 and 2004) has been confirmed [5]. 

   

Figure 1: Carcinoma in situ (CIS) (left) and papillary urothelial carcinoma (right) 

The majority of clinical trials published to date on bladder tumours have 

been performed using the 1973 WHO classification. Both classifications can be used 

according to different urological guidelines. The samples analysed in this thesis were 

diagnosed based on the 1973 WHO classification. 

1.3. Staging: Tumor, Node, Metastasis classification 

The Tumour, Node, Metastasis (TNM) classification is most widely used to 

classify the extent of cancer spread. In 2010, a seventh edition was published, but there 

are no significant modifications to this for bladder cancer compared with the previous 

(2002) edition. The primary tumour stages [6] used in the present study are listed in 

Table 1. 
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TX  Primary tumour cannot be assessed  

T0  No evidence of primary tumour  

Ta  Non-invasive papillary carcinoma  

Tis/CIS  Carcinoma in situ: ‘flat tumour’  

T1  Tumour invades subepithelial connective tissue  

Tumour invades muscle  

    T2a Tumour invades superficial muscle (inner half)  

T2  

    T2b Tumour invades deep muscle (outer half)  

Tumour invades perivesical tissue  

    T3a microscopically  

T3  

    T3b macroscopically (extravesical mass)  

Tumour invades any of the following: prostate, uterus, vagina, pelvic wall, 
abdominal wall  

    T4a Tumour invades prostate, uterus or vagina  

T4  

    T4b Tumour invades pelvic wall or abdominal wall 

Table 1: Primary tumour (T) stages according to The 2002 TNM classification 
approved by the Union International Contre le Cancer (UICC) 

1.4. Controversies of TNM and “clinical” classification 

About 70% of urothelial carcinomas (UC) are diagnosed as non-invasive 

tumours confined to the mucosa (Ta, CIS), whereas the rest of cases shows an invasive 

growth (T1-T4) at the time of first presentation. From a clinical point of view UCs are 

divided into non-muscle invasive (pTa and pT1) and muscle invasive (pT2-pT4) 

tumours. However, from the biological point of view the vast majority of pTa urothelial 

carcinomas may be considered as “benign” tumours, which rarely progress towards 

invasive diseases, whereas pT1 and pT2-4 urothelial carcinomas are invasive growing 

tumours and simply correspond to different stages of tumour progression. Therefore, the 

difference between pT1 and pT2-4 urothelial carcinomas is only the difference in the 

time window in the clinical detection.  

Histological examination of all samples from transurethral resection is 

needed to assess the extent of bladder cancer spread into the bladder wall. A papillary 

tumour confined to the mucosa is classified as stage Ta according to the TNM system. 

Tumours that have invaded the lamina propria are classified as stage T1. These tumours 

can be removed by transurethral resection, and therefore, they are grouped as non-

muscle-invasive bladder cancer. Flat, high-grade tumours that are confined to the 

mucosa are classified as CIS. These “superficial” lesions are also belonging to non 
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muscle invasive bladder cancers. However, molecular biology techniques and clinical 

experience have demonstrated the highly malignant, invasive potential of CIS lesions. 

Therefore, the terms non-muscle-invasive and muscle-invasive cancer are clinical but 

not biological definitions. 

Urologists classify bladder tumours into subgroups of non-muscle invasive 

and muscle invasive tumours regarding different treatment options. Because non-muscle 

invasive tumours (pTa and pT1) are restricted to the surface of urinary bladder, they can 

easily be removed endoscopically. However, these tumours tend to recur frequently and 

need a strict follow-up care. After several recurrencies pTa UCs may progress into 

invasive pT1,G3 tumours, whereas recurrent pT1,G3 UCs are almost all invasive 

tumours. Muscle-invasive tumours cannot be cured by endoscopical methods. These 

cancers – even in organ-confined cases – need radical surgery, radiation therapy or 

chemotherapy.  

1.5. Prognosis 

The major prognostic factors in carcinoma of the bladder are the depth of 

invasion into the bladder wall and the degree of differentiation of the tumour. The vast 

majority of pTa tumours are well differentiated.  

Patients with less differentiated, large or multiple pTa tumours associated 

with carcinoma in situ (CIS) are at high risk for tumour recurrence and the development 

of invasive cancer. Urological oncologists suggest that in cases with multiplex or 

recurrent tumours the entire urothelial surface is at risk for the development of cancer 

[7]. Genetic studies confirmed different biological mechanism. 

Irrespectively of the treatment methods (i.e., transurethral surgery, 

intravesical medications, or cystectomy) of “non muscle invasive” tumours 55% to 80% 

of patients have a 5-year survival [8-10]. Patients with invasive tumours confined to the 

muscle of the bladder on pathologic staging have an approximately a 75% 5-year 

progression-free survival rate after radical cystectomy. Patients with more deeply 

invasive tumours, especially those with lymphovascular invasion experience a 5-year 

survival rate of 30% to 50% following radical cystectomy [11]. When the patient 

presents with locally extensive tumour that invades pelvic viscera or with metastases to 
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lymph nodes or distant sites, 5-year survival is uncommon, but considerable 

symptomatic palliation can still be achieved [12]. 

1.6. Diagnosis 

Bladder cancer characteristically causes hematuria; this may be visible to 

the naked eye (gross hematuria) or detectable only by microscope (microscopic 

hematuria). Other possible symptoms include pain during urination, frequent urination 

(polyuria) or feeling the need to urinate without results. These signs and symptoms are 

not specific to bladder cancer, and can be caused by non-cancerous conditions. We do 

know neither specific sign nor specific marker to bladder cancers yet. The gold standard 

for diagnosing bladder cancer is still the cystoscopy. There are some new methods as 

the photodynamic diagnosis, which improves the detection of bladder cancer or 

intravesical tumour spread at earlier stage and therefore reduces the rate of tumour 

recurrence. Although the photodynamic diagnosis does not substitute cystoscopy, it 

increases the efficiency of cystoscopic diagnosis.  

Urine cytology can be obtained in voided urine or at the time of the 

cystoscopy ("bladder washing"). Urine cytology has high specificity but suffers from 

low sensitivity. Its benefit can be seen mainly in high-grade urothelial carcinomas. 

1.7. Treatment 

The treatment modalities are completely different in non-muscle invasive 

and muscle invasive tumours. 

Prolonged survival in most patients with superficial UCs (pTa, CIS, pT1) is 

achieved by transurethral resection (TUR) with or without intravesical chemotherapy or 

immunotherapy, even though the tendency for intravesical spreading of tumour cells. 

There is an 80% risk of bladder cancer recurrence following initial resection. Patients at 

greatest risk of recurrent disease are those whose tumours are large, poorly 

differentiated, multiple, or associated with nuclear p53 overexpression. In addition, 

patients with carcinoma in situ (CIS) or dysplasia of grossly uninvolved bladder 

epithelium are at greater risk of recurrence and progression [7, 13 and 14]. Transurethral 

resection is the most common and conservative form of management. A second TUR 
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performed within 2 to 6 weeks of the first recommended when the initial resection is 

incomplete, or when the pathologist has reported that the specimen contains no muscle 

tissue. Furthermore, a second TUR should be performed when a high-grade or T1 

tumour has been detected at initial TUR [15]. 

Adjuvant therapies include one, immediate, postoperative intravesical 

instillation of chemotherapy. Mitomycin C, epirubicin and doxorubicin can be used with 

similar effect. Adjuvant intravesical chemotherapy instillations can also be given, but 

timing and frequency of instillations of intravesical chemotherapy is still controversial 

[16]. 

Several studies have confirmed that BCG (Bacillus Calmette-Guérin) after 

TUR is superior to TUR alone or TUR and chemotherapy for prevention of recurrence 

of non-muscle invasive tumours. For optimal efficacy, BCG must be given in a 

maintenance schedule, but the optimal number of induction instillations and the optimal 

frequency and duration of maintenance instillations remain unknown. Because of the 

risk of toxicity, BCG instillation therapy is mainly indicated in patients with tumours at 

high risk of recurrence and progression [17, 18]. 

It is not possible to cure patients with deeply invasive tumours and regional 

or distant metastases by endoscopical methods. The standard treatment of patients with 

invasive bladder cancers is radical cystectomy and urinary diversion. Other treatment 

options include TUR and segmental resection with or without radiation therapy 

combined chemotherapy-radiation therapy, or followed by salvage cystectomy, when 

needed, for local failure [19-22]. The detailed description of radical surgical methods 

and adjuvant modalities are beyond the scope of the theses. 

Non-muscle invasive tumours have high risk of recurrence and progression; 

therefore, patients with pTa and pT1 bladder tumours need to be followed. The 

frequency and duration of cystoscopy and imaging should reflect the individual 

patients’ degree of risk. The result of the first cystoscopy after TUR at 3 months is a 

very important prognostic indicator for recurrence and progression. The first cystoscopy 

should thus always be performed 3 months after TUR in all patients with pTa and pT1 

bladder tumour. Tumour recurrence in the low-risk group is nearly always low stage 

and low grade. Small, non-invasive (Ta), low-grade papillary recurrence does not 

present an immediate danger to the patient, and early detection is not essential for 
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successful therapy [23-25]. On the other hand, the prompt detection of muscle-invasive 

and high-grade non-muscle-invasive recurrence is crucial because a delay in diagnosis 

and therapy can be life threatening to the patient. As there has not been presented any 

non-invasive method that could replace endoscopies, the follow-up is based on regular 

cystoscopies. 

UC may be presented as solitary or multifocal tumour at the first 

observation. Asynchronous multiplex UCs, e.g. frequent recurrence are characteristic 

biological behaviour of papillary UCs and in the case of multiplicity or recurrence, the 

probability of future recurrences even increase up to 78% [26]. Genetic studies showed 

that the majority of synchronous or asynchronous multicentric UCs are of monoclonal 

origin corresponding to intravesical homing of desquamated tumour cells [27]. The rare 

occurrences of polyclonal UCs have been explained by the so-called “field effect” of 

environmental mutagenesis [28]. 

1.8. Genetics of UCs 

In the past several studies have been carried out on UCs to find genetic 

changes of biological importance including tumour type specific alterations, prognostic 

markers or therapeutic targets [for review see 29]. Applying different techniques, from 

the classical chromosome analysis towards high resolution microarray comparative 

genomic hybridisations (CGH), heterozygous or homozygous losses, gains and 

amplifications at several chromosomal regions have been described. Mutation or 

methylation of genes mapped to the tumour specific DNA alterations have also been 

implicated in the molecular pathology of UCs.  

Loss of chromosome 9 is the most frequent genetic change in UCs. 

Monosomy or loss of heterozygosity (LOH) at all analyzed loci occurs in approximately 

40% of the UCs removing one allele of all genes along the entire chromosome 9. The 

rest of genetic changes include partial deletions at distinct genomic sites of chromosome 

9 [29-31]. Recurrent DNA alterations at small genomic regions have already helped to 

identify the CDKN2A/B, PTCH, DBC1 and TSC1 genes. However, it is not yet known, 

whether losses at these genes at chromosome 9 occur at the same frequency in papillary 

pTa and solid growing invasive pT1-4 UCs or they mark subgroups of tumours of 

biological importance. 
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Previous cytogenetic, CGH and DNA studies revealed recurrent alterations 

of chromosome 8p at variable frequency in urothelial carcinomas UC [32-39]. Nearly 

all studies suggested an association between alterations of chromosome 8p and tumour 

progression [34]. Other studies found a strong association between LOH at chromosome 

8p22, tumour grade and metastatic tumour growth [36, 37]. Putative suppressor gene 

loci were mapped to chromosome 8p21.1-pter and 8p21-q11.2 [32, 33]. Muschek et al. 

[38] have delineated a small region of common deletion at chromosome 8p23.3 region 

including the CSMD1 gene. Fluorescence in situ hybridization (FISH) and matrix CGH 

analysis indicated a high level amplification of DNA sequences including the FGFR1 

locus at chromosome 8p12 in some of the UCs [35, 39]. Thus, multiple regions at 

chromosome 8p have been suggested to harbour genes involved in the development, 

maintenance and progression of UCs. 

Deletion mapping and CGH analysis of UCs revealed loss of different 

chromosome 11p regions and loss or amplification of the 11q13 region [40, 41]. The 

region of interest was determined by allelotyping between loci D11S902 and D11S569 on the 

short arm and between the FGF3 gene and locus D11S490 on the long arm. A correlation 

between LOH at loci D11S490 and D11S928 and frequent recurrences of the UCs has been 

suggested [42]. Although gain or amplification of DNA sequences has been shown at the 

chromosome 11q12-13 region in some UCs, no any correlation between 

amplification/expression of CCND1, FGF3, FGF4 and EMS1 and staging or grading of UC has 

been detected [41, 43]. 

Alterations at several other chromosomal regions have been implicated in 

the genetics of UCs, most of them were correlated with tumour progression (for review 

see 29). Whether the secondary DNA alterations are associated with gene alterations, 

e.g. mutation, methylation or haploinsufficiency of the gene(s) at these regions or they 

simply reflect the genetic instability of the tumour genome, is not yet known. 

1.9. Proposed molecular pathways of UC progression 

Based on the histological pattern and genetic data several pathways from 

dysplastic urothel towards frankly malignant tumours involving distinct chromosomal 

regions/genes have been proposed [29]. One of the simplest models suggested that the 

development of papillary UCs is associated with LOH at chromosome 9, followed by 

mutation of the p53 gene in invasive tumours, whereas flat tumours, e.g. carcinoma in 



13 

situ (CIS) are initiated by mutation of the p53 gene [44]. Recently, similar pathways 

have been proposed, one from hyperplasia towards papillary UC showing FGFR3 

mutation in over 60% of the cases and another pathway involving dysplasia, CIS, 

pT1+CIS, pT2 muscle invasive carcinoma with deletion and/or mutation of the TP53 

gene in 70% of the tumours [29]. Although several studies have reported a LOH at 

chromosome 9 not only in papillary non-invasive but also in solid invasive UCs, it 

remained unclear whether alteration of chromosome 9 including the CDKN2A/B, 

PTCH, DBC1 and TSC1 genes is “the primary” genetic change in the development of 

all types of UCs or characteristic only for papillary UCs. 

1.10. The origin of multiplex UCs: monoclonal vs. field effect theory 

Approximately 30% of non-muscle invasive (pTa, pT1 and carcinoma in 

situ) UCs appear as multifocal tumour at the time of first detection (synchronous 

multiplex UCs). More than 70% of pTa or pT1 solitary UCs will recur after the first 

treatment (metachronous multiplex UCs) and several of them will progress to muscle 

invasive disease within 5 years of follow up. These cases pose a serious oncological 

problem of regular control and treatment. Therefore, “superficial” or non-muscle 

invasive UCs represent a chronic cancerous disease with uncertain outcome.  

The origin of multiplex synchronous or asynchronous UCs was 

controversial for long time. The “field effect” theory has postulated, that diffuse 

carcinogen effect lead to the development of several genetically different tumours in the 

bladder, others proposed a clonal origin of multiplex tumours. Genetic analysis of 

multiplex UCs by applying microsatellites, which clearly differentiate between parental 

alleles, revealed the loss of the same parental alleles at distinct chromosomes in 

multiplex tumours [27]. These studies confirmed the monoclonal origin of the vast 

majority of synchronous or asynchronous multiplex tumours of the bladder. Thus, in 

these cases a local intravesical metastasis led to multiplex tumour nodules on the 

surface of the urothelium. This metastatic pathway is similar to that we can find in case 

of carcinomatous dissemination on the pleura or peritoneum. However, in few cases 

development of genetically distinct UCs, e.g. polyclonal origin has been demonstrated 

confirming the “field-effect” theory, at least in these exceptional cases [28]. 
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It is suggested that synchronous or asynchronous appearance, especially the 

latter is a characteristic biological behaviour of non-invasive papillary UCs. The 

recurrent growth of tumours during the years of observation in around 70% of the cases 

supports this hypothesis. We cannot exclude a similar biological behaviour of invasive, 

high-grade tumours (pT2-4). It is difficult to answer this question, because these 

tumours are removed by radical cystectomy. However, it would be important to 

differentiate between tumours having the capacity of intravesical spreading and homing 

and those, which remain solitary tumours without local metastasis. Why multiplex 

tumours arising synchronously or asynchronously in several cases and why not in others 

is not yet known. 

1.11. Aims of the study 

This study was focused on the molecular characterisation of urothelial 

carcinomas with the aim: 

o to identify small DNA alterations at chromosomes 8p, 9, 11p and 17p 

(including mutation of the p53 gene), which are associated with the 

development or progression of urothelial carcinomas,  

o to identify specific molecular alterations in solitary versus synchronous and 

metachronous multiplex urothelial carcinomas and 

o to establish the role of genetic changes in the development and progression 

of UCs. 
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2. MATERIALS AND METHODS 

2.1. Tissue samples and clinical data 

Fresh tumour tissues were obtained by transurethral resection or radical 

cystectomy of consecutively operated urothelial carcinomas at the Departments of 

Urology, Philipps-University of Marburg and University Medical Center Mannheim, 

Ruprecht-Karls-University of Heidelberg and Department of Urology, Medical School, 

University of Pécs, Hungary. The use of material for this study was approved by the 

Ethic Commission of the University of Heidelberg and Pécs. A small part of the tumour 

tissue was immediately snap-frozen in liquid nitrogen and stored at –80°C, the larger 

part was processed for routine histological diagnosis at the corresponding pathological 

departments. Haematoxylin and eosin stained histological slides were re-evaluated by 

two pathologists (Professors Gyula Kovacs and Antonio Lopez-Beltran). Solitary 

tumour was diagnosed in cases without preoperative clinical history and at least three 

years of tumour free postoperative course. All tumours having a histological report on 

UC of the bladder during the pre- or postoperative course in the clinical report were 

designed as asynchronous multiplex tumours. Synchronous multiplex tumours were 

diagnosed in the cases having at least two UCs of the bladder at the time of first 

observation. Both solid and papillary growing UCs representing all histological grades 

and histological-clinical stages were included in this study.  

2.2. DNA and RNA extraction 

A frozen tumour sample was placed on a plastic Petri dish, covered with 1 

ml TE9 buffer, and allowed to thaw. The tumour cells were then carefully scraped or 

pushed out to separate them from stromal tissue under an inversed microscope by a 

pathologist (Professor Gyula Kovacs) experienced in this technique. Tumour cells were 

then re-suspended in 5 ml TE9 buffer with 1% SDS (sodium dodecyl sulfate) and 

0,2 mg/ml proteinase K and were incubated for 5 hours at 55°C. DNA was extracted by 

phenol-chloroform and dissolved in TE buffer after ethanol precipitation. Normal 

control DNA was extracted from peripheral blood lymphocytes by the same method.  
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For gene expression analysis tumour cells were released in phosphate buffer 

by pushing or scraping the tissues as described above and homogenized in TRIzol 

(Invitrogen, Karlsruhe, Germany). Normal urothelial cells were obtained by gently 

scraping the surface of bladder obtained after cystectomy from cases without previous 

treatment and the cells were homogenized in TRIzol until processing. RNA was 

prepared according to the manufacturer’s recommendations. The quality of total RNA 

was checked by electrophoresis on 0.8% formaldehyde agarose gel. The concentration 

of RNA was measured with spectrophotometry. The absence of DNA contamination in 

RNA samples was confirmed by PCR (polymerase chain reaction) using intron-specific 

primers for beta-actin (ACTB). 

2.3. Microsatellite analysis 

Microsatellite markers used in this study are listed on the sides of Figures 3, 

4, 7, 8, 11 and 12. The sequences and location of the markers were obtained from GDB 

(Humane Genome Database, http://www.gdb.org, not available since 2008) and from 

NCBI (National Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov). 

Matched normal/tumour DNA samples were amplified in 10 µl reactions with 50 ng 

genomic DNA, 50 mmol KCl, 10 mmol Tris-HCl, pH 8.3, 1.5 mmol MgCl2, 200 µmol 

each dNTP (deoxyribonucleotide triphosphate), 5 pmol Cy5-labeled forward primer, 

5 pmol reverse primer, and 0.5 U Taq DNA polymerase (Gibco BRL, Eggenstein, 

Germany). After 2 minutes of denaturation at 94°C, the PCR mixes were subjected to 

the following conditions: 40 sec at 94°C, 30 sec at 55°C, and 40 sec at 72°C for 

28 cycles, with a delayed last elongation step for 10 min at 72°C in a PTC200 thermal 

cycler (MJ Research, Watertown, Massachusetts). Before loading, 20 µl stop solution of 

50 mM EDTA (ethylenediaminetetraacetic acid) and 5 mg/ml Dextran Blue 2000 in 

100% deionized formamide were added and the samples were denaturated at 95°C for 

2 minutes and immediately cooled on ice for 1 minute. Analysis was carried out on an 

automated DNA analysis system (ALFexpressII, Amersham/Pharmacia Biotech, 

Freiburg, Germany). The 6% denaturing polyacrylamide gels (acrylamide:bisacrylamide 

= 19:1) were run at 400 V, 55 mA, 30 W in 1xTBE buffer at a constant gel temperature 

of 55°C. The collected data were calculated by using the ALF Win Fragment Analyser 

1.02 software (Amersham/Pharmacia Biotech). Allelic changes were identified 

according to our score system [45]. Briefly, the complete lack of signal at one allele 
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indicates that each tumour cell lost one allele and that the tumour DNA is not 

contaminated with normal DNA. This change is scored as 4. The reduction of signal 

intensity of one allele to approximately 50% of the corresponding allele in normal tissue 

was scored as 2 whereas retention of the normal allelic status in the tumour cells was 

scored as 0. Examples are shown in Figure 2. 

 

Figure 2: Evaluation of the results of microsatellite allelotyping [45] 

2.4. Quantitative real-time PCR (qRT-PCR) 

Reverse transcription of 1 µg total RNA was carried out in 12.5 µl reaction 

volume with 100 U M-MLV reverse transcriptase (RNase H Minus, Point Mutant, 

Promega, Mannheim, Germany), 1 µl of 50 mM oligodT primer, 1 mM of each 

deoxynucleotide triphosphate and 20 U RNase inhibitor (Rnasin, Promega, Mannheim, 

Germany). The expression level of selected genes was measured using the Opticon Real 

Time PCR Machine (MJ Research Inc.). 1.5 µl of 1:8 diluted cDNA was amplified with 

1 µM of each forward and reverse primer and 7.5 µl of the QuantiTect SYBR Green 

PCR Mix (Qiagen, Hilden, Germany) in 15 µl final volume. Cycling conditions were: 



18 

95°C 15 min followed by 40 cycles of 94°C for 30 sec, 60°C for 30 sec, 72°C for 

45 sec. Samples were parallel amplified with gene specific and ACTB primers. The 

sequences of primers used for qRT-PCR are shown in Table 2. The specificity of the 

product was confirmed by melting curve analysis. Standard curves were generated from 

a 5-step normal bladder cDNA dilution series for both gene specific and ACTB 

reactions. Relative quantity was calculated by dividing the gene specific expression 

with the appropriate ACTB expression. All reactions were carried out in duplicates and 

the results were averaged. 

Gene Direction Primer sequences (5’ – 3’) Product 
size  

Forward GCC AAG ACA GTG AAG TTC AAA TGC 
FGFR1 

Reverse GCA CCA CAG AGT CCA TTA TGA TGC 
153 bp 

Forward GCT TAA GTG TGA CAA GTT CCC GGA 
SFRP1 

Reverse AAA CTC GCT GGC ACA GAG ATG TTC 
150 bp 

Forward AGA GGC AAA GGG AAG GGC AAG AA 
NRG1 

Reverse CAC CGA AGG ACT AGT TTG GAA CCT 
148 bp 

Forward ATG GAT GAT GAT ATC GCC GCG 
AXTB 

Reverse GTC CAT CAC GAT GCC AGT GGT AC 
147 bp 

Forward TCG GAG GTT TTT GGA AGT TTG C 
SFRP1-M 

Reverse CGT AAT CGT ACT CGC TAA CCG AA 
199 bp 

Forward TTT TGG AGG TTT TTG GAA GTT TGT G 
SFRP1-U Reverse AAA ACT CAC ATA ATC ATA CTC ACT AAG 

TTT C 
209 bp 

Table 2. Sequences of the primers used for quantitative qRT-PCR and MSP analysis 

2.5. Methylation specific PCR (MSP) assay 

The CpG islands within the promoter region and the first exon of SFRP1 

were identified and primer (SFRP1-M and SFRP1-U) were designed using the 

MethPrimer program [46] (Table 2). To convert unmethylated cytosines to uracils, 1 µg 

of tumour and corresponding normal DNA was treated by sodium bisulfite at 55°C for 

18 hours as described [47]. The methylated sequences of SFRP1 (not modified by 

sodium bisulfite) were amplified by the primer pair MF1 and MR1, whereas the 

unmethylated CpG islands (modified to UpG by sodium bisulfite treatment) by primers 

UF1 and UR1 (Table 2). Hot start PCR was performed in a thermal cycler (PTC-200, 

MJ Research, Inc.) for 33 cycles (95°C for 30 sec, 62°C for 20 sec, and 72°C for 30 

sec). The reaction mixture was first incubated at 95°C for 15 min to activate the Taq 

polymerase (HotStar Taq, Qiagen) and the amplification cycles followed by a final 



19 

extension for 7 min at 72°C. The PCR products were separated on 2% agarose gel and 

visualized after ethidium bromide staining. 

2.6. Sequencing 

The exons 5-8 of the p53 gene harbouring mutation hotspots were 

sequenced in genomic DNA obtained from UCs. The exon sequences were first PCR 

amplified with tailed primers. The amplifications were performed in a PTC200 thermal 

cycler (MJ Research Inc., Watertown, MA, USA). For sequencing, we used the Excel II 

Thermosequenase Kit (Epicentre Technologies) by following the manufacturer’s 

instructions. The forward sequencing primer was labelled with IR800 and the reverse 

sequencing primer with IR700 in a PCR reaction with 30 cycles of 15 sec at 94°C, 

30 sec at 58°C and 1 min at 70°C. At the end 6 µl loading buffer solution were added. 

The samples were denatured at 95°C for 2 minutes and immediately cooled on ice for 

1 minute before loading 1 µl on a 45 cm long 6% polyacrylamide gel. The gel was run 

at 400 V, 55 mA and 30 W in 0,8xTBE buffer at a constant gel temperature of 55°C on 

an automated DNA analysis system (LICOR DNA4200, MWG, Germany). The 

collected raw data were evaluated using the BaseImage IR software. The sequence was 

compared to the normal p53 sequence (database ID AF135120) for detection of 

mutations. 

2.7. Oligo-array CGH and data analysis  

DNA labelling and hybridization to 4×60K HG-CGH (AMADID 014950) 

arrays were performed at the Genomics Core Facility, European Molecular Biology 

Laboratory (EMBL, Heidelberg, Germany) according to manufacturer’s 

recommendations (v.5.0, Agilent Technologies, Inc., Santa Clara USA) as described 

previously [48]. The arrays were washed, air dried and scanned on an Agilent DNA 

Microarray Scanner using the Agilent Scanner Control software (v.7.0). Data were 

further extracted from the scanned microarray image (.tif), filtered and normalized by 

the Agilent Feature Extraction software (v.9.5). Feature extracted files were imported to 

the Agilent Genomic Workbench Lite Edition 6.5 for further normalisation and copy 

number analysis. The HMM (hidden Markov model) Algorithm was used to identify 

DNA copy number anomalies at the probe level using the following parameters: 
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FDRQ: 0.5; No. of States: 5; GC Correction: ON; Window Size: 2Kb; 

Centralisation: ON; and Bin Size: 10. The identification of the aberrations common for 

each type of cancer (solitary and multiplex UCs) was performed using T test with 

p-value threshold 0.05 and overlap threshold 0.9. Altered genomic regions were 

annotated with chromosomal coordinates and the gene content. 
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3. RESULTS 

3.1. Genetic analysis of chromosome 8p in UCs 

The frequency of allelic changes for 34 microsatellite loci at chromosome 

8p and for 3 loci at the long arm of chromosome 8 were determined by analyzing paired 

normal and tumour DNA from 122 UCs of the bladder. Allelic changes, i.e. decrease or 

loss of signal intensity of one allele at one or more loci were seen in 58 (48%) of the 

122 tumours. There was a breakpoint cluster at the centromere of chromosome 8 

leading to the loss of the entire chromosome 8p in 23 (19%) cases (Figures 3 and 4). 

Partial deletions involving different parts of the chromosome 8p were detected in 35 

(29%) tumours. Although LOH at chromosome 8q was seen in some cases, most 

alteration at chromosome 8q were designed as allelic imbalance suggesting a loss of the 

chromosome 8p and duplications of chromosome 8q sequences.  

3.1.1. Identifying small chromosomal regions of allelic changes  

The saturated microsatellite allelotyping detected five small non-syntenic 

regions of allelic changes indicating putative tumour genes at chromosome 8p (Figures 

3 and 4). One of them was localised to the locus D8S504 at chromosome 8p23 

harbouring the ARHGEF10 gene. A small region of allelic changes exclusively at the 

ARHGEF10 gene was seen in three cases but taking into account the large deletions 

involving this locus as well, one allele of the ARHGEF10 gene was deleted in 48 (39%) 

of the 122 UCs. The genomic sequences of 2 Mb at the CSMD1 gene were covered with 

8 microsatellites. Allelic changes at the entire genomic sequences of the CSMD1 gene 

or intragenic deletion affecting exclusively the CSMD1 gene occurred in 6 (5%) UCs. 

Altogether, one allele of the CSMD1 was deleted in 57 (47%) of the 122 UCs. Another 

putative tumour gene locus was located to a 140 kb genomic region at chromosome 

8p12 between D8S1477 and D8S1758 including D8S375 and D8S278, both within 

introns of the NRG1 gene. One of the UCs showed LOH exclusively at loci D8S375 

and D8S278 disrupting the integrity of one allele of NRG1 (Figure 5). Another region 

of approx. 2.3 Mb was mapped between loci D8S1821 and D8S1104. A candidate gene 

for Wolf-Hirschhorn syndrome, a putative protein LOC441345, the leucine-zipper-EF-
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hand containing transmembrane protein 2 (LETM2) and FGFR1 genes are mapped to 

this region. The last region of approx. 500 kb between loci D8S1023 and D8S268 

harbours the SFRP1 and a hypothetical protein FLJ13842.  

3.1.2. Allelic changes at chromosome 8p is associated with tumour grading 

A strong correlation was observed between loss of heterozygosity at the 

chromosome 8p regions and grading of UCs irrespectively of tumour staging. Two of 

the G1 tumours revealed allelic imbalance along the chromosome 8p, one another 

displayed an allelic imbalance at the CSMD1 gene and one UC showed an LOH at the 

ARHGEF10 gene (Figures 3 and 4). Thus, only 4 (12%) out of the 34 UCs of G1 (all 

belong to histological stage pTa) displayed allelic changes at chromosome 8p whereas 

41% and 71% of the G2 and G3 tumours showed LOH-allelic imbalance at 

chromosome 8p, respectively (Table 3). 

Grade Stage Total 

 pTa pT1 pT2-4  

1 4/34 - - 4/34 (12%) 

2 7/21 2/4 3/4 12/29 (41%) 

3 2/5 13/17 27/37 42/59 (71%) 

Total 13/60 (21%) 15/21 (71%) 30/41 (73%) 58/122 (48%) 

Table 3: Frequency of allelic changes at chromosome 8p in different stages and grades 
of urothelial cancers 

3.1.3. Allelic changes at chromosome 8p is associated with tumour staging 

Increased frequencies of allelic changes have been found along with the 

stage of UCs (Table 3 and Figures 3 and 4). All but one UC in the group of pTa tumours 

showing an allelic loss (dark blue) displayed G2 or G3. Of interest, a clear cut 

difference was detected between non-invasive and invasive tumours irrespectively of 

the deepness of the invasion. Only 21% of the non-invasive papillary UCs showed 

allelic changes at chromosome 8p, whereas non-muscle invasive pT1 as well as muscle-

invasive pT2-4 tumours displayed an allelic alteration at chromosome 8p in 71% and 

73% of the cases, respectively (Table 3 and Figures 3 and 4). These data corresponds to 

the high frequency of G2 and G3 cases among invasive UCs.  
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Figure 3: Chromosome 8: Summary of microsatellite analysis of 122 UCs grouped 
according to grading. Retention of heterozygosity is marked with yellow, allelic 
imbalance with light blue, LOH with dark blue and non-informative loci with grey. 
Microsatellite loci are listed on the left and right sides (AFMB = AFMB322zh9). The 
gene regions of interest are shown on the left side. Horizontal line between D8S436 and 
D8S593 corresponds to the centromere of chromosome 8. 

 

Figure 4: Chromosome 8: Summary of microsatellite analysis of 122 UCs grouped 
according to staging. Retention of heterozygosity is marked with yellow, allelic 
imbalance with light blue, LOH with dark blue and non-informative loci with grey. 
Microsatellite loci are listed on the left and right sides (AFMB = AFMB322zh9). The 
gene regions of interest are shown on the left side. Horizontal line between D8S436 and 
D8S593 corresponds to the centromere of chromosome 8. 
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3.1.4. NRG1 and SFRP1 are down-regulated in UCs 

Because NRG1, FGFR1 and SFRP1 are the target of small interstitial 

deletions, their expression was analysed in a panel of 8 normal urothel samples and 28 

UCs including tumours of stages Ta, T1 and T2-4 and one dysplasia by quantitative RT-

PCR technique. A variable expression of FGFR1 was detected in normal urothelial cells 

and also in tumour cells. Four of the 8 normal urothel samples showed an expression 

level similar to those observed in UCs. There was no correlation between expression 

profile of FGFR1 and staging/grading of UCs (data not shown). Therefore, the role of 

FGFR1 in the progression of UCs, at least by the mechanisms of LOH and 

haploinsufficiency can be excluded. 

 

Figure 5: Microsatellite analysis of an UC. The constitutional heterogeneity was 
retained at loci D8S1114 and D8S1758 and lost at loci D8S375 and D8S278 mapped 
within the genomic region of the NRG1 gene (loci D8S1810 and D8S1477 were non-
informative). 

High expression of NRG1 was seen in normal urothel samples but the gene 

expression was significantly reduced or absent in all UCs and in the dysplastic lesion 

(Figure 6). Similarly, the SFRP1 gene was also expressed in all normal urothelial 

samples and was down-regulated in all but one UCs. 
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3.1.5. SFRP1 is frequently methylated in UCs with or without LOH  

The methylation status of CpG islands in the 5’ UTR region and exon 1 of 

the SFRP1 was analysed in a set of UCs. At least a week methylation of this region was 

detected in all UCs and a higher level of methylation in 11 of 19 UCs (Figure 6). No 

unmethylated DNA sequences were detected in 5 of the 9 UCs displaying a high level 

of methylation in tumour DNA. Unmethylated sequences were detected in all DNA 

samples obtained from normal cells and also in nearly all DNAs isolated from UCs. 

LOH data were available for 12 tumours subjected to analysis of methylation. LOH or 

AI was detected in 4 of the 7 cases showing methylation of the promoter region (cases 

2, 7, 8, 13) whereas LOH occurred in 3 of 5 cases without methylation of this region 

(cases 6, 9, 14). Methylation occurred in Ta, G1 UCs as well as in T4, G3 tumours. The 

case with severe dysplasia without LOH at the SFRP1 locus also showed a strong 

methylation of the CpG island of the gene (case 10). 

 

Figure 6: a. Quantitative RT-PCR analysis of the NRG1 in normal urothelial cells (N1-
N8), an urothelial dysplasia (D3) and urothelial cancers of different grades and stages 
(TaG1 – T4G3). b. Methylation specific PCR of DNA samples from an urothelial 
dysplasia (D), urothel carcinomas (T) of different stages and grades and corresponding 
normal cells (N). The PCR products shown in the upper lane corresponds to the 
methylated templates (M) and in the lower lane to the unmethylated sequences (U). The 
negative control (C) is distillated water. Note the strong methylation in several tumours 
and the lack of unmethylated sequences in some of them. The allelic status in the 
tumour tissues are shown in the middle row (D: Deleted, R: Retained, -: not determined) 
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3.2. Genetic analysis of chromosome 9 

3.2.1. Allelic changes at chromosome 9 

A high saturation microsatellite analysis at 39 loci with an average distance 

of 3.6 Mb was carried out on a panel of 129 UCs of all stages and grades. LOH at all 

informative loci along the entire chromosome 9, indicating a monosomy 9 occurred in 

49 (38%) tumours. In addition to LOH and allelic imbalance a homozygous loss of 

DNA sequences was seen at loci of four genes, which are suggested to be involved in 

the genetics of UCs. The most frequent homozygous loss occurred, as expected, at the 

CDKN2A/B region on the short arm of chromosome 9. Further homozygous losses 

were detected at the DAPK1, PTCH and DBC1 loci on the long arm of chromosome 9.  

 

Figure 7: Chromosome 9: Summary of microsatellite analysis of 129 UCs grouped 
according to grading. Retention of heterozygosity is marked with yellow, allelic 
imbalance with light blue, LOH with dark blue, homozygous loss with red and non-
informative loci with grey. Microsatellite loci are listed on the left and right sides. The 
gene regions of interest are shown on the left side. Horizontal line between D9S15 and 
D9S1876 corresponds to the centromere of chromosome 9.  

Taking into account all alterations, allelic changes at one or more microsatellite loci was 

found in 114 (88%) of the 129 UCs. Allelic changes occurred at nearly the same 

frequency at both chromosomal arms. Hetero- or homozygous losses at 9p has been 

found in 93 (72%) and at chromosome 9q in 98 (76%) of the 129 tumours. However, 
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some tumours displayed allelic changes at either the long arm or the short arm of 

chromosome 9. Allelic changes at chromosome 9p but not at 9q have been detected in 

11 (9%) UCs, whereas 17 (13%) UCs showed LOH exclusively at the 9q region.  

 

Figure 8: Chromosome 9: Summary of microsatellite analysis of 129 UCs grouped 
according to staging. Retention of heterozygosity is marked with yellow, allelic 
imbalance with light blue, LOH with dark blue, homozygous loss with red and non-
informative loci with grey. Microsatellite loci are listed on the left and right sides. The 
gene regions of interest are shown on the left side. Horizontal line between D9S15 and 
D9S1876 corresponds to the centromere of chromosome 9.  

The evaluation of all type of allelic changes, e.g. hemizygous or 

homozygous losses and allelic imbalances in general at the chromosome 9 in UCs of 

distinct grades and stages did not reveal any association between genetic alterations and 

tumour stages and grades. Although the percentage of allelic imbalance was higher in 

G2 and G3 tumours, it can be explained by the observation that several of the G2 and 

G3 tumours were obtained from cystectomy specimens with T2-T4 UCs. Therefore, the 

tumour DNA was in some cases contaminated with infiltrating lymphocytes leading to 

“allelic imbalance” call. The distribution and localisation of allelic changes in distinct 

grades are shown in Figure 7, whereas the occurrence of DNA alterations in different 

stages of UCs is shown in Figure 8. 
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3.2.2. Detection of two new regions of LOH at chromosome 9p 

Because 9p21 region has earlier been showed to be the main target of LOH 

at chromosome 9p, 5 microsatellite markers (D9S1749 to D9S1870 on Figures 7 and 8) 

covering the 300 kb genomic sequence harbouring the MTAP and CDKN2A/B genes 

were analysed in our series of UCs. LOH at these genes occurred in 85 (66%) of the 129 

UCs (Figure 9). Homozygous deletion involving either CDKN2A or CDKN2B or all the 

three genes was found in 40 (31%) UCs. In three tumours the only LOH at the short arm 

of chromosome 9 occurred at the D9S1749 locus, which is located within the genomic 

sequences of the MTAP gene. 

 

Figure 9: Microsatellite analysis of an UC. The constitutional heterogeneity was 
retained at loci D9S1684, D9S1748 and D9S171 and lost at loci D9S1870 mapped 
within the genomic region of the CDKN2B. 

The high resolution microsatellite study delineated two other small regions 

of allelic changes, which have not been described earlier in UCs. Overlapping allelic 

changes were seen at loci D9S286, D9S921 and D9S269, which are mapped to 

chromosome 9p24.1 region. The D9S921 is localized within an intron of the PTPRD 
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gene, D9S286 is mapped 250kb distal and D9S269 450kb proximal to the PTPRD 

genomic sequences. Allelic changes exclusively at these loci occurred in 9 (7%) UCs. 

Together with larger deletions involving several other genes or the entire chromosome 

9p or 9, 77 (60%) tumours showed LOH at the PTPRD gene. Another small region of 

allelic losses was seen at loci D9S156 and D9S157 at 9p22.3 bracketing the BNC2 

gene. The D9S156 is located 150kb distal and the D9S157 700kb proximal to the BNC2 

gene. Again, a loss exclusively at this region of less than 1 Mb was detected in 7 (5%) 

UCs. Together with large deletions, 78 (60%) tumours showed LOH at the BNC2 gene.  

3.2.3. Detection of one new region of LOH at chromosome 9q 

The long arm of chromosome 9 was saturated with 18 microsatellites 

including those mapped to or flanking the three known genes, the PTCH (9q22.32), 

DBC1 (9q33.1) and TSC1 (9q34.2) genes. An LOH affecting exclusively the PTCH 

gene (D9S1809) was found in 3 (2%) tumours, but the PTCH genomic region together 

with large chromosome 9q regions was deleted in 80 (62%) of 129 UCs. In 3 (2%) 

tumours a homozygous loss of genomic sequences the PTCH locus was detected. LOH 

at D9S1872 and D9S195 (DBC1) occurred in 86 (67%) of UCs including 18 (14%) 

tumours with LOH only at this region. In two cases a homozygous deletion at the DBC1 

occurred. LOH involving only the TSC1 locus (D9S1830) was found in 12 (9%) UCs, 

but the TSC1 region was deleted together with large chromosome 9q deletions in 79 

(61%) of the 129 UCs. No homozygous loss at this gene locus was seen. 

The microsatellite alleotyping identified a small deletion at chromosome 

9q21.33, which has not been described in UCs yet. LOH at the locus D9S257 with 

retention of heterozygosity of the flanking loci has been found in 12 (9%) UCs. The 

D9S257 is located within intronic sequences of the DAPK1 gene. In sic UCs a 

homozygous deletion of the DAPK1 genomic sequences were detected. Taking into 

account large chromosome 9q deletions including the MAPK1 gene locus as well, 80 

(62%) of the 129 UCs showed LOH at the DAPK1 gene. 
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3.2.4. LOH at the seven regions occurs at similar frequency in each stage and grade 

of UCs 

The genes localized at the seven small non-syntenic chromosome 9 regions 

have different biological function and are involved in different pathways. Therefore, it 

was temptating to look for the possible role of these genes in the cell growth (nuclear 

grade) as well as in the cell motion-invasion (pathological stage). To evaluate the 

possible role of alterations at the already known and new tumour gene loci, the results 

of allelotyping for each region was analysed in relation to the grade and stage of UCs. 

LOH at the loci of the PTPRD, BNC2, CDKN2A/B, DAPK1, PTCH, DBC1 and TSC1 

genes occurred at nearly the same frequency in different stages and grades of UCs 

(Figure 10).  

 

Figure 10: Frequency of LOH at tumour associated genes on chromosome 9 in 129 
UCs according to their stage and grade. 
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Evaluation of the LOH at the seven regions in solitary UCs and in synchronous or 

asynchronous multiplex tumours yielded the same results for all but one gene loci. 

Again, alterations at the PTPRD, BNC2, CDKN2A/B, PTCH, DBC1 and TSC1 regions 

occurred nearly at the same frequency in solitary vs. multiplex tumours. However, LOH 

at the DAPK1 region occurred in 59 (73%) of the 81 UCs with multifocal growth or 

recurrence but only in 12 (29%) of the 41 solitary UCs without recurrence. This 

suggests a role of DAPK1 in the multifocal and recurrent growth of UCs. 

3.3. Allelic changes at chromosome 11  

The entire chromosome 11 was first analysed for allelic changes at 18 

microsatellite loci covering the 135 Mb genomic sequences at an average distance of 

7.5 Mb. After detecting frequent alterations at 11p15.5, 11p11.2 and 11q12.1 

chromosomal bands, these regions were saturated with additional microsatellites to 

reach an average distance of approximately 600 kb between the loci analysed. LOH at 

all informative loci corresponding to monosomy of chromosome 11 was detected in 

only 2 of the 121 UCs. Loss of the short or long arm of chromosome 11 or small non-

synthenic deletions occurred in 85 (70%) cases including 5 (4%) LOH at a single 

marker. Together, 87 (72%) of the 121 UCs displayed LOH at least at one locus.  

3.3.1. Delineation of two regions of allelic changes at 11p 

The most frequent interstitial deletions occurred at chromosome 11p15.5 

region, which was saturated in the second round of analysis with microsatellites at an 

average distance of 600 kb. An overlapping LOH between D11S922 and D11S1318 

harbours approximately 600 kb genomic sequences known as an imprinted region. This 

region contains the IGF2 (insulin-like growth factor 2) gene, which expresses only from 

the paternal allele and the H19, which expresses a non-coding RNA only from the 

maternally inherited chromosome 11. Allelic changes at these two genes were observed 

in 49 (40%) of the 121 UCs. The second overlapping LOH also occurred within the 

imprinted gene domain of the chromosome 11p15.5 region between loci D11S2345 and 

D11S988. This region of approximately 700 kb harbours the RHOG, STIM1, RRM1 

and TRIM21 genes. Allelic alterations at this region were detected in 58 (48%) of the 

121 tumours. The third region at chromosome 11p11.2, which was saturated with 10 
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microsatellites at an average distance of 600 kb displayed several non-syntenic losses, 

which probably reflect the instability of this region.  

 

Figure 11: Chromosome 11: Summary of microsatellite analysis of 121 UCs grouped 
according to grading. Retention of heterozygosity is marked with yellow, allelic 
imbalance with light blue, LOH with dark blue and non-informative loci with grey. 
Microsatellite loci are listed on the left and right sides. Horizontal line between 
D11S1303 and D11S1920 corresponds to the centromere of chromosome 11.  

3.3.2. Frequent allelic changes at the 11 q12.1 region 

The region of approximately 4.8 Mb between loci D11S1920 and D11S4191 

at chromosome 11q12.1 shows frequently losses of non-syntenic small region involving 

only one or two of the 5 microsatellite loci analysed. This region harbours the members 

of olfactory receptor family genes. The genes SSRP1, PRG3, FAM11A and CTNND1 

are mapped to a small region between loci D11S1809 and D11S4191. The latter 

genomic segment was involved in the allelic alterations in 41 (34%) of the 121 UCs. 
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Figure 12: Chromosome 11: Summary of microsatellite analysis of 121 UCs grouped 
according to staging. Retention of heterozygosity is marked with yellow, allelic 
imbalance with light blue, LOH with dark blue and non-informative loci with grey. 
Microsatellite loci are listed on the left and right sides. Horizontal line between 
D11S1303 and D11S1920 corresponds to the centromere of chromosome 11.  

3.3.3. Correlation between pathological and genetic data 

Allelic changes occurred in 18 (53%) of the 34 G1 tumours, 13 (65%) of the 

20 G2 tumours and in 56 (84%) of the 67 G3 UCs. Although the frequency of allelic 

changes increased with the grading score, it was high even in G1 tumours. Similarly, 31 

(58%) of the 53 pTa papillary UCs showed LOH, 17 (68%) of the 25 pT1 and 38 (86%) 

of the 44 pT2-4 tumours displayed LOH at chromosome 11. Taking into account only 

the allelic changes at the imprinted region of H19 and IGF2, 44%, 50% and 50% of the 

G1, G2 and G3 tumours showed allelic changes at this region, respectively. In pTa UCs, 

28% of the cases displayed LOH at the imprinted region whereas pT1 and pT2-4 UCs 

showed LOH in 52% and 47% of the cases, respectively. Thus, no clear association 

between genetic alterations at chromosome 11 or at one of the specific region can be 

established. 
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3.4. Allelic changes at chromosome 17p and mutation of the p53 gene 

Allelic changes at chromosome 17p13.1 and mutation of the p53 gene was 

analysed in 120 UC including all stages and grades (Table 4). The vast majority of the 

55 pTa papillary UCs displays G1 and only 3 of them was diagnosed as G3. None of the 

65 pT1 and pT2-4 tumours showed G1 and only 4 of them were diagnosed as G2, 

whereas the vast majority displayed G3. Loss of heterozygosity at the p53 locus was 

detected in 44 (37%) of the 120 UCs analysed for allelic changes at chromosome 

17p13.1 region. The frequency of LOH has also been increased along with the higher 

grade of UCs, with a clear-cut difference between grade 1-2 (16%, 17%) and grade 3 

(55%) tumours (Table 5). The frequency of allelic loss at 17p13.1 was similar in so-

called non-muscle invasive (superficial) pTa and pT1 tumours (20% and 18%, 

respectively) but increased in pT2 and pT3-4 tumours (55% and 69% respectively) 

(Table 6).  

Grade Stage 
 1 2 3 

Total 
 

pTa 38 14 3 55 

pT1 - 3 19 22 

pT2-4 - 1 42 43 

Total 38 18 64 120 

Table 4: Distribution of grading and staging of 120 urothelial cancers included in this 
study 

Grade LOH (%) P53 mutation (%) 

G1 6 / 38     (16) 0/38       (0) 

G2 3 / 18     (17) 0/18       (0) 

G3 35 / 64   (55) 25/64     (39) 

Table 5: Frequency of LOH at the p53 locus in different grades of urothelial cancers 

Stage LOH (%) P53 mutation  (%) 

pTa 12 / 55    (22) 1/55         (2)* 

pT1 5 / 22      (23) 6/22         (27) 

pT2 6 / 11      (55) 5/11         (45) 

pT3-4 22 / 32    (69) 13/32       (41) 

Table 6: Frequency of LOH at the p53 locus in different stages of urothelial cancers. * 
A carcinoma in situ displaying p53 mutation was included into the pTa stage 

Mutations in exons 5-8 of the p53 were found in 25 (21%) of 120 UCs. 

Sequence changes were detected 3 times in exons 5, 6 times in exon 6, 7 times in exon 
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7, and 9 times in exon 8 (Table 7). Most tumours revealed a missense point mutation. 

All but one (a pT1, G3) of the 25 UCs with p53 mutation revealed also an LOH at the 

chromosome 17p13.1 locus (Table 5). None of the 55 pTa UCs showed p53 mutation, 

whereas mutation was seen in 23% of the minimal invasive pT1 UCs, and 36% and 

37% of the muscle invasive pT2 and pT3-4 UCs, respectively (Table 6). None of the G1 

or G2 tumours showed alterations of exons 5-8 of the p53 gene. Summarising the results 

of LOH and p53 mutation analysis, LOH at chromosome 17p13.1 occurred in all stages 

and grades albeit at different frequencies, but mutation of the p53 gene was seen 

exclusively in high grade (G3) UCs including a CIS. The occurrence of p53 mutation in 

invasive UCs (pT1-pT4) reflects the observation that the overwhelming majority of G3 

tumours were diagnosed in these stages. 

Tu. 
No. 

Histology TNM 
LOH 
at 9 

Exon 
Gene 
map 
position 

Mutation 
Amino acid 
substitution 

4 CIS CIS ND 6 C1845T CCT -> 
CTT 

Pro→Leu 

6 solid UC+CIS T1G3+CIS 9p, 
9q 

7 G2616A GAA -> 
AAA 

Glu→Lys 

23 UC, 
micropapillary 

T3bG3, N1 9p*, 
9q 

7 G2577A GGC -> 
AGC 

Gly→Ser 

29 papillary UC, T1G3 ND 8 G3040A GAG-> 
AAG 

Gly→Gly 

36 UC, multiplex T3G3, N1, 
M1 

9p, 
9q 

7 G2619T GAC -> 
TAC 

Asp→Tyr 

42 small cell 
carcinoma 

T3G3 ND 6 C1913T CGA-> 
TGA 

Arg→ 
STOP 

48 UC, squamous 
differentiation 

T4aG3, 
N1, M1 

ND 6 A1915G CGA -> 
CGG 

Arg→Arg 

55 papillary UC + 
CIS 

T1G3 9q22 6 A1915G CGA -> 
CGG 

Arg→Arg 

58 UC T3aG3 NO 8 G3026C AGA -> 
ACA 

Arg→Thr 

63 UC, sarcomatoid T3bG3, N1 9p*, 
9q 

7 G2588A CGG -> 
CGA 

Arg→Arg 

64 B UC, microcystic T3G3 9p*, 
9q 

8 G3067T GAG -> 
TAG 

Glu→ 
STOP 

64 C UC, microcystic T2G3 9p*, 
9q 

5 G1591C AAG -> 
AAC 

Lys→Asn 

69 UC, squamous 
differentiation 

T3bG3, N1 9p* 5 G1633A TGG -> 
TGA 

Tyr→ 
STOP 

82 UC pT2G3 9p*, 
9q 

6 A1915G CGA -> 
CGG 

Arg→Arg 

125 papillary UC T1G3 9p, 
9q 

7 G2587A CGG -> 
CAG 

Arg→Gln 

156 UC T3aG3 9p, 
9q 

5 Del(CAC
AG 1696) 

frame shift  
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Tu. 
No. 

Histology TNM 
LOH 
at 9 

Exon 
Gene 
map 
position 

Mutation 
Amino acid 
substitution 

167 papillary UC T1G3 9q33 8 G3005A GTT -> 
ATT 

Val→Ile 

172 UC T3G3 9p*, 
9q 

8 G3005A GTT -> 
ATT 

Val→Ile 

184 papillary UC T1G3 9p, 
9q 

8 G3026C AGA -> 
ACA 

Arg→Thr 

192 UC T2bG3 9p*, 
9q 

7 C2566T TCC -> 
TTC 

Ser→Phe 

196 UC T3aG3 9p 8 G3024A GGG-> 
GGA 

Gly→Gly 

197 
UC, 
micropapillary, 
multiplex 

T3aG3 9q 8 G3026A 
AGA -> 
AAA Arg→Lys 

200 UC T3aG3 9p 8 G3024A GGG -> 
GGA 

Gly→Gly 

215 UC T2bG3 NO 7 G2587A CGG-> 
CAG 

Arg→Gln 

1287 UC T2G3 9p*, 
9q 

6 A1915G CGA -> 
CGG 

Arg→Arg 

Table 7: Pertinent clinicopathological data and mutation of the p53 gene. *These cases 
showed a homozygous deletion at the CDKN2A/B locus 
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3.5. Allelic changes at chromosome 9 and mutation of the p53 gene 

Because it was suggested that deletional/mutational inactivation of the p53 

gene and LOH at chromosome 9 marks distinct pathways of UC development (papillary 

vs. solid tumours), we have evaluated the LOH data obtained from 39 loci in 21 UCs 

showing p53 mutations. LOH at chromosome 9 occurred in 19 (90%) of the 21 UCs 

displaying p53 mutation (Table 7 and Figure 13). Most tumours showed LOH along the 

entire chromosome 9. Three UCs displayed LOH only at chromosome 9p, one of them 

showing a homozygous deletion of the CDKN2A/B region as the only change. Three 

tumours displayed LOH only at chromosome 9q including two cases with LOH only at 

9q22 (PTCH) and 9q33 (DBC1) regions. A homozygous deletion of the CDKN2A/B 

region was seen in 9 cases whereas a homozygous deletion at the DAPK1 and PTCH 

genes each in one UC.  

 

Figure 13: Allelic changes at chromosome 9 in tumours with mutation of the p53 gene. 
(red: homozygous deletion; dark blue: hemizygous deletion; light blue: allelic 
imbalance; grey-non informative, yellow-retention of heterozygosity). Micosatellite loci 
are listed on the top.  

3.6. Allelic changes at the UC genome 

Previously, an allelotyping of UCs at chromosomes 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 12, 13, 14, 16, 18 and 20 (3-5 loci on each chromosome) have been carried out in 

the Laboratory of Molecular Oncology by others. Chromosome 2q and 8p regions were 
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also analysed for several additional loci [45, 38]. By exploiting the mechanism of 

probabilistic reasoning in Bayesian Networks and reconstructing the possible flow of 

progression of allelic changes, Bulashevska et al. [49] suggested primary and secondary 

events in UC pathogenesis. LOH at chromosome 9 was found to be the primary event 

whereas LOH at chromosome 8, 11 and 17 as secondary genetic changes. The results of 

high resolution microsatellite analysis of chromosomes 8, 9 and 11 was evaluated 

together with the results of previous studies mentioned above. Summarising previous 

and recent results indicates that LOH (frequently a homozyogous loss) at chromosome 9 

occurs at similar frequency in G1, G2 and G3 UCs and in UCs of different stages 

(Figures 14 and 15). Alterations at chromosomes 2q, 5, 6, 8p 11p, 17p and 18q are seen 

more frequently in G2 and G3 tumours, e.g. associated with the grading of UCs (Figure 

14). 

 

Figure 14: Deletions map of chromosomes 2-20 according to tumour grade. (red: 
homozygous deletion; dark blue: hemizygous deletion; light blue: allelic imbalance; 
grey-non informative, yellow-retention of heterozygosity). Chromosome arms are listed 
on the right and left sides 
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Similarly, LOH at chromosomes 2q, 5, 6, 8p, 11p, 12q, 14q, 17p and 18q occurred more 

frequently in T1-T4 UCs (Figure 15). Most UCs showed LOH at several chromosomal 

regions. Only two cases (one Ta,G1 and one Ta,G2) were without any changes at the 

chromosomal loci analysed in this study. 

 

Figure 15: Deletions map of chromosomes 2-20 according to tumour stage. (red: 
homozygous deletion; dark blue: hemizygous deletion; light blue: allelic imbalance; 
grey-non informative, yellow-retention of heterozygosity). Chromosome arms are listed 
on the right and left sides. 

3.7. Clinical application of microsatellite allelotyping: analysis of urine samples for 

detection of recurrent UCs of the bladder. 

As the pTa and also pT1 (so called non-muscle invasive) UCs have a high 

risk of recurrence, there is a need for frequent controlling and a long follow-up. Today, 

cystoscopy is the state of the art to detect recurrent UCs because the non-invasive 

methods cannot reach the sensitivity and specificity of the cystoscopy. However, 

cystoscopy, whether performing it with a rigid or flexible scope, is an uncomfortable 
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intervention. Moreover, injuries of the urethra with consecutive strictures or 

uroinfection may complicate the cystoscopic control examinations. Therefore, several 

non-invasive methods were introduced including urine cytology, some biomarkers and 

also searching for DNA alterations in cells of the urine sediment. As showed in Figures 

14 and 15, several different chromosomal loci might be involved in individual UCs and 

the most frequently observed allelic changes localized to seven putative tumour gene 

loci at chromosome 9. Therefore, taking into account, that 1, the DNA extracted from 

urine sediment is highly contaminated with normal DNA and 2, we do not know, which 

chromosomal regions are involved in the genetic changes of each UCs (if any), a 

screening with microsatellite allelotyping is not possible. 

However, if the genetic changes in a primary tumour are known, it is 

possible to search for these specific alterations in the urine sediment by regular controls. 

It was established earlier and in this study, that both synchronous and asynchronous 

multiple bladder cancer tumours develop by intravesical spreading (i.e. intravesical 

metastases). This means that that vast majority of multiplex and recurrent bladder 

cancers have a monoclonal origin (see Figure 18). If one know the genetic alterations 

occurring in the primary UC, can search for the same alterations in urine sediments as 

well. Unfortunately, papillary pTa, G1 tumours display only few and sometimes 

uncommon alterations, therefore the detection of genetic changes in such tumours and 

detecting the alterations in the urine sediments is difficult.  

3.7.1. Allelic changes in UC DNA contaminated with normal DNA.  

It is possible to obtain nearly pure tumour DNA from tissues, especially 

from papillary UCs. In such cases, detecting an allelic loss is easy, because one of the 

signal intensity in case of heterozygous marker is significantly decreased or 

disappeared. However, urine contains not only tumour cells but also desquamated 

normal urothelial cells due to infections or white blood cells due to bleeding. In most 

cases, urine samples contain only few tumour cells.  

To test the influence of contamination of tumour DNA with normal DNA on 

the LOH analysis a dilution series were analysed for allelic change. Tumour DNA 

extracted from UC tissue with nearly 100% tumour cell content and normal DNA 

extracted from the peripheral blood of the same patients were used for this experiment. 
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This patient was heterozygous for the microsatellite marker and the tumour showed the 

lack of signal at the deleted allele (Figure 16). A mixture of 75% normal DNA and 25% 

tumour DNA led to a light increase of signal intensity of allele 1, but such change 

cannot be used for diagnosis. Mixing 50% tumour DNA with 50% normal DNA 

resulted in signal intensity corresponding to allelic imbalance, which can be used for the 

diagnosis. The allelic imbalance is more convincing in the case of 75% tumour and 25% 

normal DNA. 

 

Figure 16: Contamination by normal DNA (normal cells) decreases the diagnostic 
value of microsatellite analysis. (DNA from tumour and normal cells were mixed in a 
ratio showed on the right side) 

3.7.2. Diagnosis of recurrent UCs from urine by allelotyping 

Urine samples were collected before the transurethral resection of UCs, 

centrifuged and the sediment used immediately for DNA extraction. The tumour tissues 

were processed as described above (Chapter 2.2.). DNA from matched peripheral blood 

cells, urine sediments and tumour tissues were extracted as described (Chapter 2.2.). 

First, normal and tumour DNA were subjected to allelotyping analysis. Based on the 

results summarized in Chapter 5, chromosomal regions were selected, which frequently 

deleted in low-grade (G1-G2) tumours. At the first instance, each tumour sample was 

analyzed by a microsatellite set from 7 genomic regions. In the case, when no allelic 

changes were detected, the number of microsatellite loci was increased to 13. 

Microsatellite analysis was carried out as described above (Chapter 2.3.). 
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Altogether 36 cases with matched blood, UC and urine samples were 

subjected to microsatellite analysis. Four cases were excluded because the UCs did not 

showed allelic changes at any of the 13 loci. Finally, 32 urine samples were analysed for 

microsatellite loci, which showed LOH in the corresponding UC tissue. At least one of 

the microsatellite markers identified allelic changes in the urine specimens in 25 of the 

32 cases, whereas in seven cases the allelotyping did not detected any changes at the 

loci analysed. Examples are shown in Figure 17. Summarising the results, in a pilot 

experiment simulating a control urine analysis with microsatellite markers positive in 

the primary tumours, an UC was diagnosed in 78% of the cases.  

.  

Figure 17: Result of normal blood, UC and urine analysis with microsatellites. A, a 
clear loss of one allele in both tumour tissue and urine. B, Loss of one allele in tumour 
tissue and allelic imbalance in urine specimen. C, Loss of heterozygosity in UC tissue 
but retention in urine as it was found in normal blood cells.  

3.8. Array-CGH analysis of multiplex versus solitary UCs 

The high resolution array-CGH analysis has several advantages against 

microsatellite allelotyping. The array used in this study give an insight in the genetic 

alterations at 60,000 loci along the entire tumour genome. Moreover, array-CGH detects 

not only copy number loss of DNA sequences, but also duplications and amplifications. 

However, this technique does not differentiate between parental alleles and therefore, it 

does not give information on the clonal growth of multiplex tumours. The clonal 

development of multiplex UCs analysed in this study was confirmed by microsatellite 

allelotyping previously by Dr. Sigrun Langbein in the Laboratory of Molecular 

Oncology, University of Heidelberg. One example is given in Figure 18.  
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Microsatellites differentiate between parental alleles and therefore allow 

determining the origin of multiplex tumours. All multiplex UCs used in the study of 

array-CGH (see below) were analysed for specific chromosomal regions by 

microsatellites. Each tumour obtained from the same patient displayed the loss of the 

same parental alleles (e.g. allele 1 or 2) confirming the monoclonal origin of tumours. 

An example is given in Figure 19.  

 D2S D5S D5S D6S D8S D9S D10S D11S D13S D14S D17S D18S 

 2266 2055 1720 1639 1759 195 541 922 153 267 786 70 

 T 1 0 0 0 0 0 1 2 1 1 0 0 0 

 T 2 2 1 2 0 0 1 2 1 0 2 2 1 

 T 3 2 1 2 1 0 1 2 1 0 2 2 1 

 T 4 2 1 2 1 1 1 2 1 0 2 2 1 

 T 5 2 1 2 1 1 1 2 1 0 2 2 1 

 T 6 2 1 2 0 0 1 2 1 0 2 2 1 

 T 7 2 1 2 1 1 1 2 1 2 2 2 1 

 T 8 2 1 2 1 1 1 2 1 0 2 2 1 

Figure 18: Each of the 8 tumours from the same patient showed of the same parental 
alleles at chromosomes 9, 10 and 11, and each but one at chromosome 2, 5, 17 and 18. 
Allelic imbalances at chromosomes 6, 8, 13 and 14 occurred only in subclones of 
tumours cells. Dark blue mark LOH, light blue allelic imbalance and white retention of 
constitutional heterozygosity. One and two marks the affected one from the two 
different parental alleles. 

Evaluating genetic changes occurring in multiplex tumours allow the 

establishment of clonal evolution during tumour progression. Based on the primary 

genetic alterations occurring in all tumour cells and in each tumour and secondary 

alterations occurring only in subclones of one or more of the metastatic tumours a step-

by-step genetic developmental tree can be established (Figure 19). 
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T 1  

Figure 19: Genetic changes detected in the 8 synchronously occurring tumours from 
the same patient. As indicated in Figure 18, LOH at chromosome 9q, 10q and 11p mark 
all tumours. Metastatic tumours acquired additional genetic alterations marking the 
tumour progression.  

3.8.1. Differential gross DNA alterations in multiplex versus solitary UCs 

Our aim was to find genomic changes occurring preferentially in multiplex 

or solitary UCs. Evaluation of the copy number changes separately for the two groups 

of tumours is presented in Figure 20. Array-CGH analysis indicates that chromosomal 

losses at 2q, 8p and 18p occur preferentially in solitary UCs, whereas multiplex UCs 

show the tendency to copy number gain at these regions. Gain at chromosome 3p, 5p 

was seen preferentially in multiplex tumours with tendency towards loss of the same 

region in solitary UCs. One of the most important finding of this study is a detection of 

frequent loss at chromosome 9q, 10q, 11q, 18q and 21q in multiplex UCs. Of interest, a 

slight tendency to increased copy number at these regions was detected in solitary UCs. 

In addition, copy number gain at the X chromosome was found in solitary UCs. In 

several cases of multiplex UCs only the long arm of chromosome 9 was deleted 

whereas the short arm remained without copy number changes. Two examples are 

shown in Figure 21.  
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Figure 20: Differential DNA copy number alterations detected in 24 solitary (left) and 
32 multiplex UCs (right) as evaluated by HMM Algorithm. The characteristic genetic 
changes are bracketed. The solitary UCs (left side) display loss of chromosome 2q, 8p 
and 17p sequences comparing to the copy number changes of multiplex tumours, 
whereas multiplex tumours (on the right side) show a loss of chromosome 9q, 10q, 11q, 
18q and 21q sequences. 

a.) 

 
b.) 

 

Figure 21: a, One of the multiplex UCs showing 9q loss and 1q gain. b, Another 
multiplex UC displaying chromosome 9q loss and alterations of chromosomes 3, 6p and 
6q, 17p and 17q, 18p and 18q. 
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3.8.2. Copy number losses at small regions occurs preferentially in multiplex UCs 

Altogether, 80 small homozygous losses were detected at chromosome 9p 

10q, 11q, 18q and 21q in the 56 UCs. None of the solitary UCs showed homozygous 

losses with exception of chromosome 9p region. Homozygous losses at chromosome 9p 

were seen in 28 of 32 multiplex UCs, whereas only 5 of the 24 solitary UCs displayed 

similar changes (Chapter 3.8.4, Tables 8 and 9). Loss of 2 Mb sequence at chromosome 

9p24.1-23 harbouring only the PTPRD gene occurred in 6 multiplex and one solitary 

UCs. We found the loss of a 1.54 Mb smallest overlapping region at chromosome 

9p22.3-22.2 including the C9orf93, BNC2 and CNTLN genes in 8 multiplex UCs. The 

most frequent homozygous loss of 0.417 Mb harbouring the MTAP, CDKN2A and 

CDKN2B genes at 9p21.3 occurred in 13 multiplex and 4 solitary UCs. Examples are 

shown in Figure 22. 

a.) 

 
b.) 

 

Figure 22: a, one of the multiplex UCs showing hemizygous losses of chromosomes 9 
and 10q as well as homozygous loss of the CKKN2A/B region at chromosome 9p and 
homozygous loss of the PTEN at chromosome 10q. b, Multiplex UC displaying 
homozygous loss at the CDKN2A/B at chromosome 9p and DSC1-3, DSG1-4 at 
chromoome 18q as well as other hemizygous losses and also gains. 

Homozygous losses at 4 regions of chromosome 10q were seen in 14 

multiplex tumours. In 13 of the 14 tumours a large heterozygous deletion between 

chromosomal bands 10q23.1 and 10q25.1 was seen, which included the small regions of 

homozygous deletions affecting the NRG3, PTEN and SORCS1 genes (Figure 22a). 

Homozygous deletion was also seen at the smallest overlapping region of 6.7 Mb 

including 65 genes at chromosome 11q23.3 in 8 multiplex UCs. Homozygous loss of a 

1.67 Mb region at chromosome 18q12.1 including the DSC1-3, DSG1-4 genes was 

detected in seven tumours (Figure 22b). Finally, a loss 5.64 Mb at 21q21.3-22.11 

including the JAM2, CLDN8 and CLDN17 genes and the loss of a 7.5 Mb at 
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chromosome 21q22.13-22.3 including the CLDN14, ERG, ETS and UMODL1 was 

seen in 7 multiplex tumours each.  

3.8.3. Amplifications occurs exclusively in G3 tumours  

Altogether, 32 amplified regions were detected in UCs of high malignancy 

(Table 8). Eight of the 11 G3 solitary UCs showed amplifications of DNA sequences at 

least at one chromosomal region (Figure 23). The number of genes in the amplified 

regions varied between 2 and over 100 including E2F2, E2F3, CCND1, FGF19, 

L3MBTL and YWHAB among others, which are known to be frequently amplified in 

UCs. Amplifications occurred only in invasive G3 UCs irrespectively of staging. Of 

interest, the 8 synchronous multiplex pT2, G3 tumours obtained from patient 5 did not 

showed any amplification but homozygous deletions at chromosome 9p22.3, 10q25.1 

and 18q12.1 regions.  

a.) 

 
b.) 

 

Figure 23: a, A solitary UC of high grade displays complex genetic alterations 
including losses and gains as well as an amplifications at 1q, 4q, and the E2F3 gene at 
chromosome 6p22.3. b, Several amplified regions at chromosomes 1p, 8p, 8q and 17p 
and complex copy number changes in a solitary UC of G3. 
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3.8.4. Summary of the homozygous losses and amplifications in multiplex and  

solitary UCs. 

Band 
Position 
(Kb) 

Size 
(Kb) CNC Frequency Genes 

9p24.1-
p23 

7.947-
10.412 2.465 HL 1 (S) overlap:PTPRD 

 
8.371-
10.372 2.001 HL 6 (Mx) overlap:PTPRD 

9p22.3-
p22.2 

15.038-
17.235 2.197 HL 7 (Mx) overlap: C9orf93, BNC2, CNTLN 

 
15.793-
18.257 2.464 HL 1 (Mx) overlap: C9orf93, BNC2, CNTLN 

9p21.3 
20.883-
22.179 1.296 HL 1 (Mx) overlap: MTAP, CDKN2A, CDKN2B 

 
20.889-
23.611 2.722 HL 1 (Mx) overlap: MTAP, CDKN2A, CDKN2B 

 
20.939-
23.273 2.334 HL 1 (mx) overlap: MTAP, CDKN2A, CDKN2B 

 
21.036-
22.326 1.29 HL 1 (S) overlap: MTAP, CDKN2A, CDKN2B 

 
21.100-
23.823 2.723 HL 1 (Mx) overlap: MTAP, CDKN2A, CDKN2B 

 
21.177-
23.011 1.834 HL 1 (S) overlap: MTAP, CDKN2A, CDKN2B 

 
21.430-
22.786 1.356 HL 1 (S) overlap: MTAP, CDKN2A, CDKN2B 

 
21.481-
22.765 1.284 HL 1 (Mx) overlap: MTAP, CDKN2A, CDKN2B 

 
21.489-
22.785 1.296 HL 6 (Mx) overlap: MTAP, CDKN2A, CDKN2B 

 
21.520-
23.206 1.686 HL 1 (S) overlap: MTAP, CDKN2A, CDKN2B 

 
21.764-
23.190 1.426 HL 2 (Mx) overlap: MTAP, CDKN2A, CDKN2B 

10q23.1 
81-372-
86.012 4.64 L 1 (Mx) overlap: NRG3 

 
82.841-
85.920 3.079 HL 1 (Mx) overlap: NRG3 

 
82.947-
88.316 5.369 L 1 (Mx) overlap: NRG3 

 
83.765-
85.190 1.425 HL 1 (Mx) NRG3 

10q23.2-
q23.31 

88.783-
90.785 2.002 HL 1 (Mx) 25 genes (incl. PTEN, ANKRD22) 

10q23.33 
95.658-
99.627 3.969 HL 1 (Mx) 34 genes 

10q25.1 
106.332-
112.948 6.616 HL 4 (Mx) overlap: SORCS1 

 
107.148-
113.728 6.58 L 1 (Mx) overlap: SORCS1 
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Band 
Position 
(Kb) 

Size 
(Kb) CNC Frequency Genes 

 
107.850-
110.376 2.526 HL 1 (Mx) SORCS1 

 
107.904-
109.247 1.343 HL 1 (Mx) SORCS1 

 
108.321-
109.637 1.316 HL 1 (Mx) SORCS1 

 
109.416-
112.348 2.932 HL 1 (Mx) XPNPEP1,ADD3,MXI1,SMNDC1 

10q25.3-
q26.11 

116.428-
118.093 1.665 HL 1 (Mx) 

overlap: 
AFAPIL2,FAM160B1,TRUB1,ATRNL1,GFR
A1 

 
116.529-
118.799 2.27 HL 1 (Mx) 

overlap: 
AFAPIL2,FAM160B1,TRUB1,ATRNL1,GFR
A1 

10q26.11
-q26.12 

120.861-
123.864 3.003 HL 3 (Mx) 22 genes (incl. EIF3A, FGFR2, TACC2) 

 
120.932-
124.618 3.386 HL 1 (Mx) 27 genes (incl. EIF3A, FGFR2, TACC2) 

11q23.3 
107.294-
117.981 

10.68
7 HL 1 (Mx) 

96 genes (incl. CUL5, SKCG-1, 
LOC399950,NCAM1) 

 
107.680-
118.367 

10.68
7 HL 2 (Mx) 

87 genes (incl. CUL5, SKCG-1, 
LOC399950,NCAM1) 

 
107.734-
117.923 

10.18
9 HL 2 (Mx) 

87 genes (incl. CUL5, SKCG-1, 
LOC399950,NCAM1) 

 
107.781-
117.970 

10.18
9 HL 1 (Mx) 

87 genes (incl. CUL5, SKCG-1, 
LOC399950,NCAM1) 

 
111.215-
120.162 8.947 HL 2 (Mx) 

121 genes (incl. LOC399950, NCAM1, 
BUB13) 

18q12.1 
27.471-
29.143 1.672 HL 7 (Mx) 

DSC1, DSC2, DSC3, DSG1, DSG2, DSG3, 
DSG4 

21q21.3-
q22.11 

26.118-
32.366 6.248 HL 1 (Mx) 44 genes (incl. CLDN8,CLDN17) 

 
26.160-
32.668 6.508 HL 1 (Mx) 44 genes (incl. CLDN8, CLDN17) 

 
26.202-
32.406 6.204 HL 1 (Mx) 44 genes (incl. CLDN8, CLDN17) 

 
26.205-
32.409 6.204 HL 2 (Mx) 44 genes (incl. CLDN8, CLDN17) 

 
26.245-
32.622 6.377 HL 1 (Mx) 44 genes (incl. CLDN8, CLDN17) 

 
26.708-
32.349 5.641 HL 1 (Mx) 44 genes (incl. CLDN8, CLDN17) 

21q22.13
-q22.3 

36.184-
44.080 7.896 HL 1 (Mx) 

overlap: 61 genes (incl. ERG, CLDN14, 
UMODL1) 

 
36.213-
44.066 7.853 HL 1 (Mx) 

overlap: 61 genes (incl. ERG, CLDN14, 
UMODL1) 

 
36.357-
44.080 7.723 HL 3 (Mx) 

overlap: 61 genes (incl. ERG, CLDN14, 
UMODL1) 

 
36.501-
44.093 7.533 HL 1 (Mx) 

overlap: 61 genes (incl. ERG, CLDN14, 
UMODL1) 

 36.528- 7.506 HL 1 (Mx) overlap: 61 genes (incl. ERG, CLDN14, 
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Band 
Position 
(Kb) 

Size 
(Kb) CNC Frequency Genes 

44.034 UMODL1) 

1p36.12 
23.812-
23.947 0.135 A 1 (S) E2F2, ID3 

1p36.11 
24.123-
25.359 1.236 A 1 (S) 17 genes (incl. RUNX3) 

1p35.1-
p34.1 

31.186-
46.650 

15.46
4 A 1 (S) over 100 genes 

1p34.2 
38.537-
41-175 2.638 A 1 (S) 29 genes 

1q21.3 
149.073-
152.674 3.601 A 1 (S) overlap: 41 genes 

 
150.529-
151.336 0.807 A 1 (S) overlap: 41 genes 

1q23.3 
161.002-
162.689 1.687 A 1 (S) 34 genes (incl. ATF6) 

1q25.3 
182.888-
184.209 1.321 A 1 (S) 

overlap: NMNAT2, SMG3, NCF2, ARPC5, 
APOBAC4, RGL1, GLT25D2, TSEN15 

 
183.262-
185.301 2.039 A 1 (S) 

overlap: NMNAT2, SMG3, NCF2, ARPC5, 
APOBAC4, RGL1, GLT25D2, TSEN15 

3p25.2-
p25.1 

11.596-
13.278 1.682 A 1 (S) 18 genes (incl. RAF1) 

4q13.3 
72.950-
74.703 1.753 A 1 (S) 

ADAMTS3, COX18, ANKRD17, ALB, AFP, 
AFM, RASSF6, IL8 

4q27.-
28.2 

123.539-
129.920 6.381 A 1 (S) 

21 genes (incl. IL25, FGF2, ANKRD50, 
FAT4) 

5p13.2 
35.347-
37.061 1.714 A 1 (S) 14 genes 

6p22.3 
20.314-
22.358 2.044 A 1 (S) 

overlap:E2F3, CDKAL1, SOX4, FLJ22536, 
LOC729177, PRL 

 
20.314-
23.437 3.123 A 1 (S) 

overlap: E2F3, CDKAL1, SOX4, FLJ22536, 
LOC729177, PRL 

7p21.1 
15.614-
18.360 2.746 A 1 (S) 

MEOX2, ISPD, SOSTDC1, ANKMY2, BZW2, 
TSPAN13,AGR2, AGR3, AHR,SNX13 

8p23.3 
1.048-
2.559 1.511 A 1 (S) 

DLGAP2, CLN8, ARHGEF10, KBTBD1, 
MYOM2 

8p11.23-
p11.21 

39.467-
42.730 3.263 A 1 (S) 11 genes (incl. SFRP1, ANK1, DKK4) 

8q22.2 
98.688-
102.311 3.723 A 1 (S) 

overlap:FBX043,POLR2K,SPAG1,RNF19A,
ANKRD46,SWX31,PABPC1,YWHAZ 

 
101.132-
102.079 0.947 A 1 (S) 

overlap:FBX043,POLR2K,SPAG1,RNF19A,
ANKRD46,SWX31,PABPC1,YWHAZ 

8q23.1 
108.149-
109.947 1.798 A 1 (S) ANGPT1,RSPO2,EIF3E,TTC35,TMEM74 

8q24.21 
131.074-
132.499 1.425 A 1 (S) ASAP1,ADCY8 

10p15.2-
p13 

4.093-
15.824 

11.73
1 A 1 (S) 78 genes 

11p15.4 
4.370-
4.408 0.038 A 1 (S) OR52B4, TRIM21 

11q13.3 69.426- 1.284 A 1 (S) CCND1, ORAOV1, FGF19, FGF4, FGF3, 
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Band 
Position 
(Kb) 

Size 
(Kb) CNC Frequency Genes 

70.710 ANO1, FADD, PPFIA1, CTTN, SHANK2 

13q13.3 
35.205-
38.975 3.77 A 1 (S) 17 genes (incl. CCNA1, SMAD9) 

16p13.2 
6.427-
10.160 3.733 A 1 (S) 

A2BP1,TMEM114, 
C16orf68,ABAT,TMEM186,PMM2,CARHSP
1,C16orf72,GRIN2A 

16q22.1-
q22.3 

65.006-
72.157 7.151 A 1 (S) 112 genes (incl. CDH5, E2F4, CDH3, CDH1) 

17q12 
30.131-
31.344 1.213 A 1 (S) 13 genes 

18q21.1-
q21.31 

48.604-
56.021 7.417 A 1 (S) 38 genes (incl. SMAD4, DCC, TCF4) 

20q12-
q13.1 

40.846-
44.025 3.179 A 1 (S) 

46 genes (incl. PTPRT, L3MBTL, HNF4A, 
YWHAB, SDC4) 

20q13.2-
q13.31 

48.608-
56.121 7.515 A 1 (S) 

42 genes (incl. SNAI1, BCAS1, BCAS2, 
BMP7) 

Table 8: Chromosomal and genomic localisation and size of copy number changes and 
genes included in the genomic changes. CNC – Copy number changes: L – 
heterozygous loss, HL – homozygous loss, A – amplification. S – solitary, Mx – 
multiplex UC 
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Patient Sex No of tumors TNMG Multiplex 
Genomic 
changes 

1 75y/F Multiplex (6/6) pTaG1 yes L,G,HL,* 

2 67y/M Multiplex (2/2) pT1G2 yes L,G 

3a+ 49y/M Multiplex (3/3) pTaG1 yes L,G 

3b 49y/M Multiplex (4/4) pTaG2 (+CIS) yes L,G 

4a+ 88y/M Multiplex (4/5) pTaG1 yes L,G,HL,* 

4b 88y/M Multiplex (5/7) pTaG2 yes L,G,HL,* 

5 66y/M Multiplex (8/8) pT2G3 yes L,G,HL,* 

6 59y/M Solitary pT3bG3 no L,G,A,  

7 68y/M Solitary pT1G2 no G 

8 64y/F Solitary CIS no G 

9 75y/M Solitary pT2G3 no L,G,A 

10 71y/M Solitary pTaG1 no no 

11 70y/M Solitary pT3G3 no L,G,A,* 

12 66y/M Solitary pTaG1 no no 

13 57y/M Solitary pT3G3 no L,G,A,* 

14 73y/M Solitary pTaG1 no L,G 

15 71y/F Solitary pT2aG3 no L,G,A 

16 81y/M Solitary pTaG2 no no 

17 61y/M Solitary pT1G3 no L,G,A 

18 77y/M Solitary pT1G2 no no 

19 74y/M Solitary pT3bG3 no L,G,A 

20 74y/M Solitary pTaG1 no no 

21 65y/M Solitary pTaG1 no no 

22 81y/M Solitary pT1G3 no L,G,* 

23 58y/M Solitary pT1G2 no L 

24 68y/F Solitary pT1G3 no L,G,* 

25 73y/M Solitary pTaG1 no L,G,* 

26 58y/M Solitary pTaG1 no no 

27 68y/M Solitary pTaG2 no no 

28 72y/M Solitary pT1G3 no L,G,A 

29 64y/M Solitary pTaG1 no no 

Table 9: Pertinent clinicopathological and genetic data of multiplex and solitary UCs. 
3a+ - multifocal UC with recurrence (3b) detected 2 months later; 4a+ - multiplex UC 
with recurrence (4b) detected 29 months later; L – heterozygous loss; HL – 
homozygous loss; G – gain; A – amplification; * - homozygous loss at chromosome 9p. 
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4. DISCUSSION 

4.1. Alteration of chromosome 9 is probably the primary genetic change in the 

development of papillary and solid UCs 

The present detailed allelotyping study delineated three new putative tumour 

gene loci at chromosome 9p24.1, 9p22.3 and 9q21.32 regions increasing the number of 

small genomic deletions at the chromosome 9 in UC up to seven. Allelic changes at one 

or more of these loci (PTPRD, BCN2, CDKN2A/B, DAPK1, PTCH, DBC1 and TSC1) 

in 88% of the tumours suggest that alteration of chromosome 9 plays a crucial role in 

the development of UCs. Although a correlation between 9p LOH and clinical outcome 

of the disease have been proposed, and others suggested that chromosome 9 alterations 

are secondary changes, we consider the genomic changes at chromosome 9 as initial 

events in the UC tumorigenesis [50, 51]. This hypothesis is supported by the finding 

presented in this thesis that LOH at the seven gene regions occurs at nearly similar 

frequency in all stages and grades of UCs and none of the alterations is associated with 

the TNM classification. 

Mapping studies have long identified the cell-cycle regulator tumour 

suppressor genes CDKN2A (encoding the p16 and p14ARF) and CDKN2B (encoding 

p15) as a target of chromosome 9p deletions [52]. Silencing of p16 gene by promoter 

methylation has been described in 30-60% of UCs and therefore a heterozygous 

deletion and mutation or hypermethylation of the other allele may result in the 

functional inactivation of the gene [53, 54]. The lack of p16 protein expression may 

lead to loss of its cell cycle regulatory function and increased proliferation of tumour 

cells [55]. 

In the present study, we found two small regions of LOH at chromosome 9p 

apart of the CDKN2A/B loci. One of them at chromosome 9p24.1 harbours the receptor 

protein tyrosine phosphatase delta, PTPRD gene. The PTPRD is frequently deleted, 

mutated or methylated in glioblastoma multiforme, neuroblastoma and lung cancer [56, 

57]. The smallest overlapping deletion involving only the PTPRD genomic sequences in 

our series suggest that this gene might have a tumour suppressor function in UCs as 

well. Another new locus of selective LOH was found at chromosome 9p22.3 region 

harbouring BNC2 gene encoding a DNA-binding zinc-finger protein. Homozygous loss 
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of the BNC2 locus was seen in oesophageal cancer and the stable expression of the 

BNC2 resulted in growth arrest of oesophageal carcinoma cell line [58]. 

Loss of chromosome 9q regions has already been implicated in the genetics 

of UCs and in the high risk of tumour recurrence [59, 60]. Deletion and decreased 

expression of PTCH and homozygous deletion or methylation of DBC1 genes suggest 

their possible role in UC biology [61, 62]. Mutation of the TSC1 gene in approx. 10% 

of the UCs but not in other types of cancers suggests that mutational and deletional 

inactivation of TSC1 may contribute to the development of bladder cancer [63, 64]. In 

our study, LOH at the genomic sequences of the DAPK1 gene and the LOH was 

associated with the multifocal growth and intravesical recurrence of UCs. Loss of 

expression of the DAPK1 through promoter methylation has earlier been demonstrated 

in 29-88% of UCs and also other cancer cells [65-68]. Most importantly, methylation of 

the DAPK1 gene was significantly associated with the high rate and short time of 

recurrence of UCs [65, 66]. DAPK1 is a positive mediator of IFNA induced apoptosis 

and it was also shown that DAPK1 is involved in the p53-dependent apoptosis pathway 

[69, 70]. The association of methylation and LOH at the DAPK1 with the recurrence of 

UCs suggests, that the DAPK1 gene is one of the main target of chromosome 9q 

deletion. However, it is not yet clear how the loss of function of DAPK1 contributes to 

the high frequency of intravesical spreading of UCs. 

In summary, our allelotyping study have disclosed selective LOH at three 

genomic loci at chromosome 9 harbouring the PTPRD, BNC2 and DAPK1 genes and 

found a correlation between LOH at DAPK1 and multifocality and recurrence of UCs. 

Our findings that LOH occur at least at one of the seven regions in 88% of the UCs and 

that LOH at these loci (with exception of the DAPK1 gene?) do not mark biological or 

pathological subgroups of tumours indicate that alterations of chromosome 9 are the 

initial genetic events in the UC carcinogenesis.  

4.2 Chromosome 8p changes are associated with the staging and grading of UCs 

This study confirmed the correlation between allelic changes at 

chromosome 8p and grading/staging of UCs and delineated a breakpoint region at 

chromosome 8p12-p11.2. Recently, Veltman et al. have identified recurrent break 

points within a 9 Mb region at chromosome 8p12 in UCs [39]. They suggested one 
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breakpoint at the large genomic region of 2.3 Mb around the NRG1 and a second one 

around the FGFR1. Adelaide et al. have also detected a breakpoint cluster stretched over 

1.1 Mb within the NRG1 in breast and pancreas cancer cell lines, some of them within 

the extremely large (900 kb) intron between the alternative first exon and exon 2 [71, 

72]. High level amplification at this chromosomal region was found in UCs and breast 

cancers. The amplified region included the putative cancer genes FGFR1, SFRP1 and 

TACC1, whereas the NRG1 was rarely included in the amplicon [73, 74]. These data 

suggest that chromosome 8p11.2-12 region harbour instable DNA sequences, which are 

frequently involved in translocation, deletion or amplification affecting several genes 

[75]. In our study, the most frequent break occurred proximal to the NRG1 leading to 

the loss of one allele of this gene. 

We found the downregulation of NRG1 in all stages and grades of UCs 

irrespectively of the allelic changes at the corresponding gene locus. Adalaide et al. also 

showed that the expression pattern of NRG1 isoforms in breast cancers is not correlated 

with the genomic alterations suggesting the lack of transcriptional consequences of the 

breaks within one allele of the NRG1 [72]. The NRG1 is a member of the cell-cell 

signalling protein neuregulins that are ligands for receptor tyrosine kinases of the ERBB 

family. Corresponding to the several isoforms of NRG1 the cellular responses include 

stimulation or inhibition of proliferation, apoptosis, migration, differentiation and 

adhesion in distinct cell types and cancers [76-78]. The role of the NRG1 in UCs, 

however, is not yet established. 

Modulation of the Wnt signalling has been implicated in the development in 

several types of tumours including the UCs [79, 80]. The secreted frizzled-related 

proteins (sFRPs) contain an N-terminal domain homologous to the cysteine-rich domain 

of the frizzled family of Wnt receptors. They compete with the frizzled receptors for 

Wnt binding and act as soluble modulator of Wnt signalling. Loss of function of the 

SFRP1 therefore may lead to an increased signalling in the Wnt pathway and to an 

increased cell proliferation. Ugolini et al. described markedly reduced or absent SFRP1 

transcript in invasive ductal breast cancers, but correlation between tumour grade and 

SFRP1 expression status was not found [80]. Other studies indicated a correlation 

between upregulation of SFRP1 and apoptosis [81, 82]. Recently, it was suggested that 

loss of function of SFRP1 is an independent indicator for poor survival of invasive 

bladder cancer [83]. We found downregulation of the SFRP1 in all stages and grades of 
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UCs suggesting that loss or decrease of the SFRP1 function is associated with the 

development (cell proliferation) rather than with the progression (invasive growth) of 

this type of tumour.  

Loss of one allele and mutational or methylational silencing of the 

remaining allele are implicated in the inactivation of most tumour genes. Recently, 

haploinsufficience has also been suggested as a possible mechanism leading to 

inactivation of tumour genes [82]. Our LOH, methylation and expression study on the 

SFRP1 gene suggests a more complex mechanism. For example, the SFRP1 was 

completely silenced by loss of one allele and methylation of the remaining allele in an 

UC or exclusively by methylation without allelic changes in a dysplasia. In some cases, 

however there was no difference in the methylation status in tumour and corresponding 

normal DNA, nor allelic changes at the gene locus were detected, but the SFRP1 was 

downregulated. The mechanism of deletional/mutational inactivation of the SFRP1 has 

been excluded by others [83]. Thus, in addition to known genetic (allelic loss and 

haploinsufficience) and epigenetic (methylation) changes other mechanism may also be 

involved in the silencing of the SFRP1 in UCs. 

In summary, we showed an association between LOH at chromosome 8p 

and grade of UCs, identified a hot spot of break points at 8p12-p11.2 and demonstrated 

the consequent downregulation of the NRG1 and SFRP1 genes. Our study indicates that 

SFRP1 may act as a tumour suppressor gene in the development and maintenance of 

UCs by modifying the Wnt signalling pathway. The exact role of the large chromosome 

8p deletion in the progression of UCs however, awaits further analysis. 

4.3. Chromosome 11p changes do not associated with tumour progression 

Allelotyping of chromosome 11 revealed a frequent LOH within the 

imprinted region of chromosome 11p15.5 band. There are 12 genes annotated at this 

region including the H19 and IGF2 genes. The IGF2 (insuline-like growth factor 2), 

which expressed exclusively from the paternal allele, belongs to the insuline family of 

growth factors. The IGF2 does not expressed in normal urothelial cells, but highly 

expressed in urothelial cancers, probably due to loss of imprinting. The H19 is another 

imprinted gene, which expresses a non-coding RNA from the maternally inherited 

chromosome. The H19 is expressed in normal urothelial cells but not in UCs. 



57 

Epigenetic changes at the IGF2 and H19 are associated with Wilms’ tumour and 

Beckwith-Wiedemann syndrome. Alterations in this region are associated with 

rhabdomyosarcoma, adrenocortical carcinoma, lung, ovarian, and breast cancer. Loss of 

imprinting of IGF2 is implicated in the development of prostate cancer and other 

tumours.  

The other region of allelic imbalance at chromosome 11p15.5 region 

harbours the RHOG, STIM1, RRM1 and TRIM21 genes. There is no expression of 

these genes, with exception of the RRM1 (ribonucleotid reductase M1) gene, in normal 

urothelial cells. The third region of LOH harbours the SSRP1, PRG3, CTNND1 and 

FAM11A genes. The CTNND1 gene has been involved in deletions as well as in 

amplifications in some cases. In the present study, amplification involving the CTNND1 

gene was seen in one solitary UC by array-CGH. CTNND1 encodes a member of the 

Armadillo protein family, which has a function in cell adhesion and in signal 

transduction.  

It remains unclear from this study (as well as from other analyses), which 

genes from chromosome 11 are involved in the development and progression of UCs. 

There is no association between the allelic changes at any site of the chromosome 11 

and the staging of UCs. A slight association can be seen between grading and allelic 

changes. 

4.4. Mutation of the p53 gene is associated with high-grade malignancy but not 

with tumour type.  

We found mutations in exons 5-8 of the p53 gene in 21% of consecutively 

operated UCs of the bladder. Although LOH at the p53 gene locus occurred in all grade 

and stages, mutation of p53 gene was detected exclusively in high grade invasive UCs 

These data suggest that allelic change at chromosome 17p13 is only a rate limiting step 

towards an aggressive growth and proliferation of UCs. We found p53 mutations not 

only in CIS, solid growing pT1G3 and pT2-4 UCs but also in papillary pT1G3 UCs 

indicating that p53 mutation is not strictly pathway correlated genetic change but 

associated with the high malignancy of tumours. We found a high frequency (90%) of 

LOH at one or more tumour gene locus on chromosome 9 in the UCs with p53 mutation 

including homozygous losses at the CDKN2A/B, DAPK1 and PTCH gene regions. 
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Thus, we found a concomitant mutation of p53 and LOH at chromosome 9 in both 

papillary and solid growing invasive UCs. 

4.5. A proposal for a simple pathway of UC development  

Based on data of the present study and those from the literature we propose 

a genetic model of UC development (Figure 24). The very first genetic change in the 

development of UCs is a monosomy or uniparental isodisomy of chromosome 9 or LOH 

at distinct chromosome 9 regions harbouring the tumour suppressor genes PTPRD, 

BNC2, CDKN2A/B, DAPK1, PTCH, DBC1 and TSC1. Hemi or homozygous deletion 

and mutation of the PTPRD occurs in distinct types of cancer and the reconstitution of 

PTPRD expression in tumour cells led to growth suppression and apoptosis [56, 57, 85-

87]. The functional inactivation of BNC2 or CDKN2A/B results in growth advantage 

[55, 58]. Loss of expression of the DAPK1 through promoter methylation has been 

demonstrated in 29-88% of UCs [65-68]. DAPK1 is a positive mediator of IFNA 

induced apoptosis and it was shown that DAPK1 is also involved in the p53-dependent 

apoptosis pathway [69, 70]. Deletion and decreased expression of PTCH and 

homozygous deletion or methylation of DBC1 genes indicates their possible role in UC 

biology [61, 62]. Mutation of the TSC1 gene in approx. 10% of the UCs but not in other 

types of cancers suggests that mutational and deletional inactivation of TSC1 may also 

contribute to the development of bladder cancer [63, 64]. Therefore, at least seven genes 

controlling different cellular functions such as cell proliferation and apoptosis might be 

inactivated along the chromosome 9 by hemi- or homozygous deletions, mutation and 

methylation. It is likely, that the initial genetic changes at one or more of these regions 

of chromosome 9 lead by chance to hyperplasia or dysplasia, and determine the 

subsequent events in the molecular pathology of UCs.  

LOH at chromosome 9 occurs at high frequency in urothelial hyperplasia 

and dysplasia [88-90]. This finding also supports the key role of chromosome 9 in pre-

neoplastic and neoplastic cell proliferation. If such cells acquire an activating mutation 

of the FGFR3 gene, a papillary pTaG1 UC will arise. These tumours may recur several 

times as solitary or multiplex pTaG1 UCs. However, in some cases a G1 to G2-G3 

transition may take place, presumably after acquiring a p53 mutation. In rare cases the 

inactivation of p53 gene may occur at a very early stage of papillary UC development 
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resulting in a primary pTaG3 papillary UC. Some of the papillary pTaG3 UCs turn to be 

invasive before detected and therefore, such tumours carry both FGFR3 and p53 

mutations and LOH of chromosome 9 [84].  

 

Figure 24. A proposed, simple pathway of the development and progression of 
urothelial cancers. 

If hyperplastic or dysplastic cells with chromosome 9 alteration acquire p53 

mutation (or these cells carry already a p53 mutation due to environmental 

carcinogenesis as a rate limiting step), they start to grow as a cytologically “wild” group 

of aneuploid tumour cells, e.g. CIS, which after selection of the fittest cell clone grow as 

an invasive pT1G3 UC (Figure 24). These tumours carry only the p53 mutation and 

LOH at chromosome 9 but not FGFR3 mutation. Thus, the pT1G3 UCs are at the 

crossroad of the two divergent pathways and progress by time towards muscle invasive 

tumour. 

Several other genetic alterations at distinct chromosomal regions and genes 

are involved in the genetics of UCs, most of which can be observed in later stage of 

tumour development. These genes may modify the differentiation, morphology or 

growth capacity of tumour cells, may trigger the invasive growth or determine other 

biological and morphological characteristics of UCs, but they are secondary to the 

alteration of chromosome 9. Previously, by exploiting the mechanism of probabilistic 

reasoning in Bayesian Networks and reconstructing the possible flow of progression of 
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allelic changes, Bulashevska et al. have suggested that LOH at chromosome 9 is a 

primary event in UC pathogenesis [49]. 

Recently, Goebell and Knowles proposed that mutation of the FGFR3 marks 

low grade papillary UCs and deletion and/or mutation of the TP53 gene the pathway of 

CIS, pT1, muscle invasive carcinoma [29]. If we accept this hypothesis, the FGFR3 and 

p53 mutations display a mutually exclusive pattern only pTaG1 vs. CIS whereas pT1G3 

(and also pT2-4) UCs may display both p53 and FGFR3 mutations. Indeed, FGFR3 and 

p53 mutations were described in 9% of a series of pT1G3 UCs indicating that papillary 

UC with FGFR3 mutation progressed into invasive tumour by acquiring p53 mutations 

[84]. The p53 mutation and LOH of chromosome occurred in 9 in papillary pT1, G3 

UCs in the present study. The high frequency of chromosome 9 alteration in association 

with p53 mutation in invasive G3 UCs indicates that LOH at chromosome 9 occurs at 

high frequency in solid growing tumours as well.  

4.6. Microsatellite analysis might be used for monitoring the disease but with 

restrictions 

Several studies suggested the use of microsatellite analysis of urine for 

diagnosing and or monitoring UCs. However, this technique has no place in today’s 

routine diagnosis. Although the pilot study presented here has a higher sensitivity then 

cytology, it could not reach the 93% sensitivity of the gold-standard cystoscopy. The 

main problem of microsatellite analysis of urine samples that first, one should search for 

something, which was lost and second, the DNA extracted from the urine is 

contaminated or highly contaminated with normal DNA and therefore a loss of signal 

cannot be detected unequivocally. In general, advanced tumours contain more genetic 

alterations, which might be quantitative (deletion, amplification) and qualitative 

(mutation). To detect tumours with lower stage is more difficult due to the low number 

or the lack of detectable genetic changes.  



61 

4.7. Homozygous losses associated with multiplex urothelial carcinoma of the 

bladder 

The high resolution array-CGH profiling disclosed nearly all DNA changes 

known to be generally associated with development and progression of UCs. Copy 

number losses at chromosomes 2q, 8p and 18p, which are associated with tumour 

progression, occurred preferentially in solitary UCs. The higher frequency of copy 

number losses of chromosomes 9q, 10q, 11q, 18q and 21q regions in multiplex UCs 

together with the frequent homozygous losses of small genomic sequences at the same 

regions suggest, that alteration of genes at these genomic sequences might be associated 

with the intravesical spreading of UCs. 

One of the interesting finding was the high frequency of heterozygous loss 

of chromosome 9q in multiplex UCs. Loss of chromosome 9q has already been 

associated with high risk of tumour recurrence [59]. Deletion and decreased expression 

of PTCH (9q22.32) and homozygous deletion or methylation of DBC1 (9q33.1) genes 

suggest their possible role in UC biology [61, 62]. Mutation of the TSC1 (9q34.2) gene 

in approx. 10% of the cases suggests that inactivation of TSC1 may also contribute to 

the development of bladder cancer [63]. However, it is not yet clear how the loss of 

function of these genes might contribute to the intravesical spreading of UCs. Recently, 

it was shown that promoter methylation of the DAPK1 (9q21.33) was significantly 

associated with the high rate and short time of UC recurrence [65, 66]. Although we did 

not find a small deletion hitting only the DAPK1, one allele of the gene together with 

the chromosome 9q was deleted in multiplex UCs. These findings indicate that DAPK1 

gene might be the main target of chromosome 9q deletion, especially in multiplex UCs.  

To find the locus of genes associated with one of the two groups of UCs, the 

homozygous deletions and amplifications of small genomic sequences were analysed in 

detail. An overlapping homozygous deletion of 417 kb at chromosome 9p21.3 including 

the CDKN2A/B occurred in multiplex and solitary UCs. The cell-cycle regulator 

tumour suppressor genes CDKN2A (encoding the p16 and p14ARF) and CDKN2B 

(encoding p15) have already been identified as a target of chromosome 9p deletions 

their role in the genetics of UCs discussed in detail earlier [53].  

In the present study, two non-syntenic homozygous losses at chromosome 

9p apart of the CDKN2A/B region were seen. One of them at chromosome 9p24.1-23 
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harbours the receptor proteine tyrosine phosphatase delta, PTPRD gene. The PTPRD is 

frequently deleted, mutated or methylated in glioblastoma multiforme, neuroblastoma 

and lung cancer [57]. The smallest overlapping homozygous deletion involving only the 

PTPRD genomic sequences, e.g. biallelic inactivation of the PTPRD suggest that this 

gene might have a tumour suppressor function in UCs as well. Another new target 

region was found at chromosome 9p22.3-p22 including the C9orf03, BNC2 and 

CNTLN genes. Recently, a new ovarian cancer susceptibility locus has been localized 

to the BNC2 at chromosome 9p22 [88]. BNC2 encodes DNA-binding zinc-finger 

protein which is highly expressed in normal ovary and testis [89]. Homozygous loss of 

the BNC2 locus was seen in esophageal cancer and the stable expression of the BNC2 

resulted in growth arrest of esophageal carcinoma cell line [58]. 

The most striking observation of the present study was the association of 

small homozygous losses apart of the 9p region with multiplex UCs. The frequent 

homozygous losses at chromosomes 10q, 11q, 18q and 21 found exclusively in 

multiplex UCs suggests, that these regions may harbour genes involved in the 

intravesical seeding of tumour cells. The biallelic inactivation of such genes might be 

lead to detachment of tumour cells and homing at another region of the urinary bladder. 

For example, the homozygous loss at chromosome 18q12.1 removes completely the 

cluster of desmocollin (DSC) and desmoglein (DSG) genes, which are members of the 

cadherin cell adhesion molecule superfamily. DSC2 and DSG2 are expressed in normal 

urothel as well as in urothelial carcinomas. The lack of DSC2 and DSG2 in some 

multiplex UCs therefore, may trigger the loss of cellular adhesion and seeding of 

tumour cells at other localisation. Similarly, the homozygous loss at two chromosome 

21q regions and the lack of CLDN8, CLDN14 and CLDN17, which are integral 

membrane proteins, components of the tight junctions may contribute to intravesical 

“metastasis” of tumour cells. 

The amplifications of distinct genomic sequences have already been 

associated with high grade UCs [39, 90]. Some of them, such as amplification of E2F3, 

CCND1, ORAOV1, YWHAB, SDC4 has been described in different studies. In the 

present study, amplifications occurred exclusively in G3 UCs of high malignancy. 

Although Nord et al. [90] found “overrepresentation of focal amplifications within high 

grade and recurrent cases”, they have included several recurrent UCs of high grade 

malignancy in their series. The data presented here suggest that amplifications are 
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generally associated with the high grade of UCs whereas homozygous deletions might 

be associated with the multiplex (synchronous or asynchronous) nature of tumours.  

Several clinicopathological factors have been proposed for prediction of 

recurrence and progression for “superficial” (pTa and pT1) UCs, such as grade, 

multifocality, early recurrence, concomitant CIS or the size of tumour [26, 91]. 

However, only few genetic changes have been associated with the development of 

synchronous or asynchronous multiplex UCs [90, 92]. It was shown in the present 

study, that biallelic inactivation of cellular adhesion genes by homozygous deletions 

occurs preferentially in multiplex UCs and therefore may contribute to the intravesical 

spreading of tumour cells. 
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5. CONCLUSIONS 

1. Allelotyping of the chromosome 8p yielded in the detection of small interstitial 

deletions marking the CSMD1 gene at chromosome 8p and NRG1 at chromosome 

8p regions. These alterations are associated with the progression, e.g. grading and 

staging of UCs.  

2. A high resolution allelotyping of chromosome 9 led to the detection of three new 

gene loci harbouring the PTPRD, BNC2 genes at the short arm and DAPK1 on 

the short arm in addition to the known genomic alterations at the CDKN2A/B, 

PTCH, DBC1 and TSC1 genes. These genetic changes occurred at the same 

frequency in all stages and grades of solid or papillary growth of the UCs. This 

finding together with the high frequency of alterations (88%) indicates that 

alterations at least at one of the seven genes are primary genetic changes in UCs.  

3. Although, selected genomic changes were seen at the imprinted area of 

chromosome 11p15, the lack of strong association with the staging or grading of 

UCs do not allow any conclusion on the biological effect of these alterations. 

4. Loss of chromosome 17p13 sequences with one allele of the p53 gene may occur 

in all grades and stages of UCs, but mutation of the p53 occurs exclusively in 

highly malignant G3 tumours.  

5. Based on the results presented in this thesis and data from the literature, a simple, 

unifying pathway for the development of solid growing (dysplasia, CIS, invasive 

UC) and papillary growing (pTa, subsequent recurrencies and possible invasive 

growth) tumours has been suggested. 

6. Multiplex and recurrent UCs, irrespectively of grade and stage display frequent 

copy number losses at chromosomes 9q, 10q, 11q, 18q and 21q and homozygous 

losses of genes involved in cellular adhesion, whereas solitary UCs show 

preferentially copy number losses at chromosomes 2q, 8p and 18p as well as gene 

amplifications at different chromosomes.  

7. Microsatellite analysis might be used for detection of recurrent tumours in urine 

only after establishing the genetic profile of primary tumours, but even in this 

setting with limitations. 
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