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ABSTRACT 

The development of bladder tumors has been associated with a number of causative 

agents, including schistosomiasis. Schistosome-related bladder tumors show different 

epidemiological, histopathological, and clinical characteristics compared with non 

schistosome-related bladder cancers, occurring in younger patients, and being predominantly 

of squamous cell type.   

The present study was carried out to investigate whether there are significant genetic 

differences between schistosome transitional and squamous subgroups of bladder carcinoma. 

We have used dual color FISH to determine the cellular copy number of three recognized 

tumor-related genes (HER-2/neu, MYC, and p53) in relation to chromosomes 8 and 17 

centromeres in 75 Egyptian patients with schistosomal associated bladder carcinoma. Forty-

one of these tumors were squamous cell carcinomas; the remaining 34 were of transitional 

cell carcinoma.  

Our results demonstrated that, different histological subgroups of bladder tumors are 

characterized by distinct patterns of genetic alterations. Transitional cell carcinoma showed 

1.54 and 2.02 times of Her-2/neu and c-myc gene amplification respectively as squamous cell 

tumors. For p53, TCC showed 0.67 times susceptible to p53 deletion as the SCC group.  
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The genetic changes found in transitional cell group are similar to those reported in 

the non-schistosome-related transitional cell tumors, but differ from tumors exhibiting 

squamous differentiation.   
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INTRODUCTION 

Cancer is the cause of one-quarter of all deaths in the developed countries [1]. 

Bladder cancer is the second most common malignancy of the genitourinary system in males 

and females in the world [2, 3], accounting for 6% to 8% of all male malignancies and 2% to 

3% of all female malignancies [4]. 

In western countries, more than 90% of primary bladder carcinomas are transitional 

cell carcinoma (TCC), whereas squamous cell carcinoma (SCC) comprises less than 10%. 

Carcinoma of the urinary bladder is the most common malignancy in many tropical and 

subtropical countries due to endemic infection by Schistosoma hematobium. Schistosome-

related bladder carcinoma is a major oncologic problem in Egypt, many parts of the Middle 

East and Africa. Egypt represents a hyperendemic area of schistosome infection, having an 

overall prevalence of ~50%. In Egypt, the frequency of schistosome-related bladder 

carcinoma accounts for 31% of all cancers (39 and 11% of cancers in males and females, 

respectively). 
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Compared with non-schistosome bladder cancer, schistosome-related bladder cancer 

has different clinical and pathological features. 

Most studies on the molecular genetics have focused on transitional cell carcinoma, 

and little is known about the genetic changes that occur in squamous cell carcinoma. Several 

studies comparing schistosome-related bladder cancer and non-schistosome-related bladder 

cancer have been reported, mostly focusing on differences between the squamous subgroup 

of schistosome-related bladder cancer and TCCs of non-schistosome-related origin [5-8]. 

Few studies have compared schistosome-related bladder tumors of TCC and squamous 

subgroups [9-13]. 

Oncogenes and tumor suppressor genes have been implicated in a variety of human 

cancers. It is suggested that their activation or inactivation, respectively, due to point 

mutations within the gene or deletions can play an important role in differentiation and tumor 

progression. 

One particular biomarker, p53, has been extensively studied in regard to its use as a 

prognostic tool for bladder cancer. Wild-type p53 is a tumor suppressor gene located on 

chromosome 8, functions to regulate the cell cycle and programmed cell death [14]. 

Her-2/neu oncogene is a member of the human epidermal growth receptor family. The 

gene encodes a protein with extracellular and intracellular domains, and the latter possesses a 

tyrosine kinase activity involved in signal transduction of cell growth and development. 

Amplification of the ERBB2 gene has been implicated in the pathogenesis and aggressive 

progression of several types of tumors [15]. 

The MYC oncogene is located on chromosome 8q and encodes a 67-kD transcription 

factor protein that plays an important role in different cellular activities including growth, 

differentiation, and apoptosis. Genetic deregulation of the MYC gene and overexpression of 

MYC protein are evident in different types of tumors [16]. 

Fluorescence in situ hybridization (FISH) is a powerful technology that utilizes 

centromeric, whole-chromosome, and unique sequence DNA probes to cytogenetically 

characterize cell samples [17]. By combining a fluorescence-labeled centromeric probe with a 

different color fluorescence-labeled DNA probe specifically directed against a known gene 

on the chromosome, these characteristics of a sample can be quantified. Normal gene copy 

number, gene amplification, or gene deletion is determined by the number of DNA probe 

signals identified adjacent to the centromere.  
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We have previously reported chromosomal aberrations in schistosome-related 

bladder cancers from Egyptian patients by fluorescence in situ hybridization (FISH) [18-

20].   

Therefore, the purpose of this study was to determine the cellular copy number of 

three recognized tumor-related genes (Her-2/neu, MYC, and TP53) by FISH in a group of 

Egyptian patients with shistosome-related squamous and transitional cancers, the results were 

compared with clinicopathologic factors. To our knowledge, this is the first report to compare 

genetic alterations in two subtypes of Bladder cancer associated to schistosomiasis in Egypt. 

 

SUBJECTS AND METHODS 

 

Patients: 

Tumor specimens were obtained from the National Cancer institute, Cairo, Egypt. 

A cohort of 75 patients with schistosome-related bladder carcinomas was evaluated. All 

samples were from primary tumors following radical cystectomy. For t y-one  SCC 

tumors and 34 TCC tumors were studied. Tumor stage and grade were defined according 

to UICC [21] and World Health Organization classifications [22]. No preoperative 

radiation therapy or chemotherapy was administered to any of the patients before 

removal of specimen.  All samples were from paraffin-embedded archival specimens.  

Mixed tumors were excluded from the study. Schistosomiasis infection was confirmed in 

all cases by the presence of ova in urine of patients. 

 

FISH analysis: 

Three slides were prepared for each case, and each slide was used for hybridization 

with a probe cocktail, one probe specific for the gene under investigation and the other is 

specific for the chromosome where the gene is located. For example, the HER-2/neu probe 

cocktail consists of HER-2/neu probe (Spectrum Orange) and chromosome 17 centromere-

specific probe (Spectrum Green). 

 The probes used in this study, were specific for the HER-2/neu (Her-2\neu Spectrum 

Orange/ CEP 17 Spectrum Green), c-myc (c-myc Spectrum Orange (8q24.12 - q24.13), CEP 

8 Spectrum Green and p53 (P53 Spectrum Orange/ CEP 17 Spectrum Green). All probes 

were purchased from Abbott Molecular (Des Plaines, IL). Unstained slides from the same 
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block were deparaffinized in xylene twice for 10 minutes, denatured in 70% formamide at 

70°C for 3 minutes, and dehydrated in a chilled alcohol series of 70, 80, 90, and 100% for 2 

minutes each. Ten microliters of the denatured probe was placed on each slide, covered with 

a glass coverslip, and sealed with rubber cement. Hybridization was performed overnight at 

37°C. Slides were washed twice in 50% formamide at 47°C for 2 minutes and then twice in 

2x standard saline citrate at room temperature for 2 minutes. The slides were scanned using a 

90i Nikon fluorescent microscope equipped with a 100-watt mercury lamp and triple 

bandpass filter unit (Chroma Technology, Brattleboro, VT) with DAPI as a counterstain at a 

magnification of 1,000. Only intact, nonoverlapping nuclei were evaluated; positive signals 

were required to be bright and of approximately equal intensity among the nuclei. Genes 

were considered amplified if they showed a gene/centromere ratio of more than 2.2 after 

counting at least 100 nuclei. Ratio under 2.0 is considered unamplified [23, 24]. For TP53, 

we also defined the FISH score as the percentage of cells for which the nuclei had lost at least 

one signal. The specificity of the probes and the validity of this method were checked by 

dual-color FISH using normal human male peripheral lymphocytes. 

 

Statistical Analysis: 

The SPSS version 15 was used in data analysis. Data were presented as frequencies 

for categorical variables or mean ± SD for continuous variables. The observed and expected 

frequencies of amplification or deletion of genes were compared using the Chi squared test. 

Non-parametric Pearson's correlation was used to study the correlation between expression of 

the different genes and the clinicopathological data. Continuous data were compared using 

one way analysis of variance (ANOVA). P-values less than 0.05 were considered significant.  

 

RESULTS 

 

Clinico-pathological data: 

To determine the efficiency of in situ hybridization, normal bladder sections from 

fifteen individuals were hybridized with the three probe cocktails. In most of the cells, two 

orange signals for the single-copy probe (MYC, HER-2/neu, and p53), and two green signals 

for chromosome 17 or 8 were observed. 

The major characteristics of the patients and controls are summarized in Table 1. The 

median age for SCC patients group was 54 years (range 33-76 years). They were 27 male and 
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14 females with a male-female ratio of 1.9: 1. Grade I tumors were diagnosed in 8 cases, 23 

cases had grade II lesions while grade III was manifested in 10 cases. Data on pathologic 

disease stage were available for all cases where 29 patients of this group had the tumor in the 

(3b) stage, 8 patients had the tumor in the (3a) stage, while 3 patients had the tumor in stage 

(2), and only one case was with (4a) tumor stage. 11cases had a metastatic spread of the 

tumor to the lymph nodes, while the other 30 cases had no lymph node metastasis. 18 cases 

had a tumor recurrence whereas, 23 cases had no disease recurrence (Table 2).    

 

 

Table 1: Number and age of patients with schistosome-related bladder cancer and the controls 

 

Parameter  SCC TCC Controls 

 

M/F 

(No / %) 

41 

27/14 

(65.9%/34.1%) 

34 

25/9 

(73.5%/26.5%) 

15 

12/3 

(80%/20%) 

Age (yrs) 

(Mean ± SD) 

 

53.58 ± 12.12 

 

55.11 ± 12.06 

 

47.60 ± 5.62 
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Table 2: Clinicopathologic data of patients with schistosome-related bladder cancer. 

Parameter  SCC TCC 

Grade 

1 

2 

3 

Total 

 

8 (19.5%) 

23(56.1%) 

10(24.4%) 

41(100%) 

 

0(0%) 

25(73.5%) 

9(26.5%) 

34(100%) 

Stage 

1 

2 

3a 

3b 

4a 

4b 

Total 

 

0(0%) 

3(7.3%) 

8(19.5%) 

29(70.7%) 

1(2.4%) 

0(0%) 

41(100%) 

 

1(2.9%) 

3(8.8%) 

11(32.4%) 

17(50%) 

1(2.9%) 

1(2.9%) 

34(100%) 

LN status 

Positive 

Negative 

Total 

 

11(26.8%) 

30(73.2%) 

41(100%) 

 

9(26.5%) 

25(73.5%) 

34(100%) 

Recurrence 

Yes 

No 

Total 

 

18(43.9%) 

23(53.1%) 

41(100%) 

 

11(32.4%) 

23(67.6%) 

34(100%) 

 

The median age for TCC patients group was 55 years (range 30-75 years). They were 

25 male and 9 females with a male/female ratio of 2.7: 1. Grade II tumors were diagnosed in 

25 cases, whereas 9 cases had grade III lesions. Data on pathologic disease stage were 

available for all cases. 17 patients of this group had the tumor in the (3b) stage, 11 patients 

had the tumor in the (3a) stage, while 3 patients had the tumor in stage (2), and the other 3 

patients had their tumors in stages (1), (4a) and (4b) respectively. Nine cases had a metastatic 

spread of the tumor to the lymph nodes, while the rest 25 cases had no lymph node 

metastasis. Eleven cases had a tumor recurrence whereas, 23 cases had no disease recurrence.  
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Genetic alterations of HER-2/neu, c-myc, and TP53 in control and the two malignant 

groups: 

FISH studies were successful in all cases studied. Genetic alterations in HER-2/neu, 

c-myc, and P53 were statistically significant over that of the control, as shown in Tables 3 & 

4. Thirty four patients of SCC cases (82.9%) were disomic for the chromosome 17, 5 cases 

(12%) were monosomic and 2 cases (4.8%) were polysomic. Also, for chromosome 8, 34 

cases (82.9%) were disomic, 3 cases (7.3%) were polysomic, and 4 cases (9.7%) were 

monosomic. Twenty seven patients of TCC (79.4%) were disomic for chromosome 17, 4 

cases (11.7%) were monosomic and 3 cases (8.8%) were polysomic. Also, for chromosome 8, 

27 cases (79.4%) were disomic, 4 cases (11.7%) were monosomic and 3 cases (8.8%) were 

polysomic. For the Her/2neu gene, the control group had just 1 out of 15 (6.7%) with 

amplification of the gene whereas the SCC group had 26 out of 41 (63.4%) with Her/2neu 

amplification and so amplification in SCC group was significantly higher than the control (p 

< 0.001). Regarding the TCC when compared with the control group, we had 18 out of 34 

patients (52.9%) with amplification of the gene (p = 0.002) (Fig. 1). With respect to the 

comparison of the TCC with SCC, no statistical significance could be detected between the 

Her/2neu amplification in both groups (p = 0.35, Table 4).  

 

 

 

Fig. 1: Hybridization of TCC sections with probes specific to Her-2/neu 

gene (orange) and chromosome 17 centromere (green). Two signals for chromosome 

17 and more than two signals for the Her-2/neu gene can be seen. 
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Table 3:  Her 2/neu, P53 and c-myc genetic alterations in the TCC, SCC patients and the 

controls 

  Control SCC TCC 

 

Her2/neu 

amplification 

amplified 1 

(6.7%) 

26 

(63.4%) 

18 

(52.9%) 

 

Not amplified 

 

14 

(93.3%) 

 

15 

(36.6%) 

 

16 

(47.1%) 

 

c-myc 

amplification 

 

amplified 

 

2 

(13.3%) 

 

24 

(58.5%) 

 

 

14 

(41.2%) 

Not amplified 13 

(86.7%) 

17 

(41.5%) 

20 

(58.8%) 

 

P53 deletion 

 

Deleted 

 

3 

(20%) 

 

30 

(73.2%) 

 

22 

(64.7%) 

 

Not deleted 

 

12 

(80%) 

 

11 

(26.8%) 

 

12 

(35.3%) 
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Table 4: Chi
2
 and p-values for comparison of genetic alterations of Her 2/neu, P53 and c-myc 

in the TCC, SCC patients and the controls. 

 Her2neu amplification P53 deletion c-myc amplification 

Chi 
2
 p-value Chi 

2
 p-value Chi 

2
 p-value 

SCC vs  control 14.18 0.001* 12.62 0.001* 9.03 0.002* 

TCC  vs control 9.38 

 

0.002* 8.33 0.003* 3.66 0.055 

TCC vs SCC 0.84 0.35 0.63 0.42 2.24 0.13 

 

*: significant  

With respect to P53 gene, in the control group, 3 (20%) out of 15 subjects had 

deletion of P53 but for the SCC group, 30 (73.2%) out of 41 had loss of at least one copy of 

P53 (Fig. 2) and so the deletion in the SCC group is statistically significantly higher than the 

control (p < 0.001). The same finding was recorded for the TCC group (p = 0.003). But when 

comparing the TCC with SCC, the difference in P53 deletion was non-significant (p = 0.42).  

 

 

Fig. 2: Representative dual-color fluorescence in situ hybridization experiments of SCC 

patient with centromeric probe of chromosome 17 (green) and p53 gene (orange) showing 

two signals of chr17 and two or one p53 signal (s) 
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C-myc amplification was nearly similar to that of Her/2neu. For the control group, 2 

(13.3%) out of 15 had amplification of c-myc, whereas the SCC had 24 out of 41 cases 

(58.5%) with amplification of c-myc (p = 0.002). When the TCC group was compared with 

the control, the amplification in the former was higher than the latter group but it did not 

reach the level of statistical significance (p = 0.055).  With respect to the TCC/SCC 

comparison, the p– value was 0.13 indicating no statistical significant difference in 

amplification of c-myc.  

The correlation between the genetic alterations of the studied genes and the 

clinicopatholgical data is shown in table 5. For the TCC group, significant correlations were 

detected between amplification of Her-2/neu and the stage of the tumor (r = 0.42, p = 0.01, 

Fig. 3). For c-myc amplification, two significant correlations were calculated; one with the 

tumor grade (r = 0.717, p = 0.001) and the other with the stage (r = 0.452, p = 0.007, Figs. 4 

and 5). With respect to the SCC group, all correlations were non-significant.  

 

 

 

 

Fig. 3: Correlation between Her-2/ neu amplification and the tumor stages in the TCC 

patients (r = 0.42, p = 0.01). Important to denote that the points are 34 but they 

appear as 9 points due to overlapping. 
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Fig. 4: Correlation between c-myc amplification and the tumor grades in the TCC patients (r 

= 0.717, p = 0.001). Important to denote that the points are 34 but they appear as 3 

points due to overlapping. 

 

 

 

Fig. 5: Correlation between c-myc amplification and the tumor stages in the TCC patients (r 

= 0.452, p = 0.007). Important to denote that the points are 34 but they appear as 8 

points due to overlapping 
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Table 5: Correlation between the clinicopathological data and amplification of Her 2/neu, c-

myc and deletion of p53 in the TCC and SCC patients. 

 

  Her 2/neu 

 

P53 c-myc 

 

 

TCC 

(n = 34) 

Grade r = 0.29 

p = 0.08 

 

r = -0.16 

p =0.35 

r = 0.717 

p =0.001* 

Stage r = 0.42 

p = 0.01* 

 

r = 0.17 

p = 0.33 

r = 0.452 

p =0.007* 

LN status r = 0.03 

p = 0.86 

 

r = -0.304 

p = 0.08 

r = 0.175 

p =0.32 

recurrence r = -0.104 

p = 0.56 

 

r = 0.015 

p = 0.93 

r = 0.188 

p =0.287 

 

 

SCC 

(n = 41) 

Grade r = 0.201 

p =0.208 

 

r = 0.125 

p =0.437 

r = -0.257 

p = 0.105 

Stage r = 0.252 

p =0.112 

 

r = -0.250 

p =0.114 

r = -0.029 

p =0.858 

LN status r = 0.003 

p =0.986 

 

r = -0.118 

p =0.462 

r = -0.049 

p =0.761 

recurrence r = -0.042 

p =0.793 

r = -0.203 

p =0.203 

r = -0.253 

p =0.110 

 

 

. 
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DISCUSSION 

Bladder cancer is the fifth most common malignancy occurring worldwide and a 

major cause of cancer morbidity and mortality [25]. 

Carcinoma of the bladder in Western countries is thought to be caused by chronic 

exposure of the urothelium to exogenous carcinogens which are concentrated in the urine, 

leading to genetic damage. In contract, schistosome-related bladder cancer is thought to be 

related to the chronic inflammatory response which occurs following schistosomal infection. 

Western bladder cancer predominantly shows transitional cell histology, while schistosome-

related cancer is largely of squamous type. Little is known of the genetic distinction between 

these two tumor types. 

Several studies comparing schistosome-related bladder cancer and non-schistosome-

related bladder cancer have been reported, mostly focusing on differences between the 

squamous subgroup of schistosome-related bladder cancer and transitional cell carcinomas of 

non-schistosome-related origin [5-8. Few studies have compared schistosome-related bladder 

tumors of TCC and squamous subgroups [9-13, 26]. 

On the basis of our previous interesting findings of early and late stages of 

schistosomal-related bladder cancer patients and to complete the cytogenetic profile of 

schistosomal bladder cancer, it was important to extend FISH analysis to compare both 

subgroups of schistosome-related bladder cancer (SCC and TCC).  

To the best of our knowledge, this is the first report to compare genetic alterations in 

both squamous and transitional subgroups of schistosome-related bladder cancers in Egyptian 

patients using the FISH technique. 

Oncogene amplification forms the molecular genetic basis of oncoprotein over-

expression in cancerous tissues. 

ERBB2, an oncogene located at chromosome 17q11.2~q12, was demonstrated to be 

amplified in various kinds of tumors, such as mammary carcinoma, ovarian carcinoma, and 

lung cancer. It is hypothesized that amplification of this gene is directly related to metastasis, 

recurrence, and prognosis of such tumors [27-30]. 

In invasive urothelial bladder carcinomas, amplification and/or overexpression were 

also found. However, the true incidence of Her2/neu overexpression and/or amplification 

remains uncertain ranging from 23 to 80% for overexpression [31] and from 0 to 32% for 

amplification [31, 32]. This could be explained by the small number of patients evaluated in 

each series and the heterogeneity in laboratory tests [33] or in other way protein 
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overexpression in urothelial carcinoma is not always the result of Her2/neu gene 

amplification.  

It was found that, although Her2/neu gene amplification has also been reported in 

bladder cancer using FISH [24], its amplification, development, progression and clinical 

significance is unknown. 

Hence, we performed this analysis using dual FISH technique; our series indicate that 

63.4% of SCC patients and 52.9% of TCC patients have amplification of the Her-2/neu gene. 

These results are not in agreement with those described in the literature ranging from 0 to 

32% [31-35].  

While Her2/neu overexpression was observed in 12 to 71% of urothelial cancers [36, 

37], it was correlated with grade and stage in some studies [38] but not in others [39, 40]. 

Early studies of the expression of Her2/neu protein in bladder carcinoma found a correlation 

between increased Her2/neu expression and both higher tumor stage and grade [41-43].  

In our study, for the TCC group, significant correlations were detected between 

amplification of Her-2/neu and the stage of the tumor (r = 0.42, p = 0.01). Squamous cell type 

failed to show any statistical significant with the amplification of the gene.  

TP53 is a tumor suppressor gene that is located on chromosome 17p and has been 

widely studied in various types of cancers [44]. Deletion of 17p is common in various 

cancers, including breast [45] and colon cancer [46].  

Most human tumors have mutations in the p53 gene [47]. A high percentage of 

transitional cell carcinomas of the bladder have mutations in the p53 gene [47].The advantage 

of using p53 to diagnose bladder cancer is that p53 mutations usually occur early in the 

pathogenesis of bladder cancer [14]. 

Habuchi et al., [6] reported that about 86% (six of seven) of Egyptian schistosome-

related bladder cancers had p53 mutations in exons 5, 6, 8, and 10. These findings are in 

agreement with a literature-based observation that the frequency of p53 mutations varies with 

the different grades of schistosome-related bladder cancer [48]. Thus, p53 inactivation ranged 

from 0 to 38% at the early stage of the disease, as opposed to 33 to 86% in the advanced 

tumor stage [48].  

In our study, p53 deletion of one or two copies has been shown in 73.2% of SCC 

patients and in 64.7% of TCC patients. Our data are consistent with previous reports as by 

Habuchi et al., [6]. Gonzalez-Zulueta et al., [8] found p53 mutations in 60% of their SCC 

tumors (not all of which were schistosome related), although they found 17p LOH in only 
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38%. Unlike our observation of deletions of p53 gene in SCC compared with TCC using dual 

FISH, Shaw et al, [49] detected a greater frequency of 17p LOH in schistosome-related TCC 

than in schistosome-related SCC (90 versus 43%), using microsatellite analysis. This may 

have been due to a group of low stage SCC tumors in their patient cohort. In contrast to these 

findings, a study by El-Rifai et al., [50] found no deletions involving 17p in their 

schistosome-related SCC or TCC. The absence of 17p losses in their tumors may have been 

due to reduced sensitivity resulting from normal cell contamination in their non-micro 

dissected specimens. Our founding of 64.7% p53 deletions in schistosome-related TCC is 

similar to findings of [51], showing 17p loss in 27% of Western T2–T4 TCC tumors by CGH, 

and to [52] reporting 25%.  

Immunohistochemical studies have shown inconsistent results for p53 overexpression 

in schistosome-related bladder cancers. Chaudhary et al, [12] describe p53 overexpression in 

82% of schistosome-related TCC tumors and in 70% of schistosome-related SCC cases. 

Pycha et al, [53] reported p53 overexpression in a high proportion of schistosome-related 

tumors (82% of SCC and 74% of TCC), as well as in non-schistosome-related TCC (81%). 

However, Osman et al, [11] detected overexpression of p53 in only 20% of both schistosomal 

histological groups. These discrepancies might be explained by the use of different 

antibodies, staining methodologies, and scoring cut-points, although differences in the patient 

populations are also possible. 

c-myc, located at 8q24, encodes for a nuclear transcription factor that regulates cell 

proliferation and differentiation [54]. Gene amplification or increased copy number of c-myc 

has been reported in breast [54], head and neck and ovarian cancer [55]. There has been a 

suggestion that gain of chromosome 8q is involved in progression in bladder cancer [55]. 

8q24 gains have been associated with advanced stage and grade bladder cancer [56].  

Our study revealed 58.5% amplification c-myc oncogene in SCC patients versus 

41.2% in TCC patients. Little is known about the prognostic value of C-myc alterations in 

bladder cancer, probably because of the rarity of C-myc amplifications occurring in less than 

10% of cases. High numbers of tumors must therefore be analyzed to allow for statistically 

relevant comparisons. However, our frequency of CMYC gain was somewhat similar the 28–

42% found in CGH studies [57-60]. 

Zaharieva et al, [61] concluded that alterations of the C-myc gene, are linked to 

genetically unstable bladder cancers that are characterized by a high histological grade and/or 

invasive growth.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zaharieva%20B%22%5BAuthor%5D
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Increased C-myc gene copy numbers were shown to be significantly associated with 

late-stage and high-grade tumors. In our study, c-myc amplification showed two significant 

correlations; one with the tumor grade (r = 0.717, p = 0.001) and the other with the stage (r = 

0.452, p = 0.007). With respect to the SCC group, no significant correlation was detected. 

This fits well with the results of several previous reports finding similar associations of 

genomic C-MYC alterations with advanced grade and stage [55, 56, 62-65]. 

 

CONCLUSION 

Our results demonstrated that, different histological subgroups of bladder tumors are 

characterized by distinct patterns of genetic alterations. Future studies must be completed that 

include larger databases of patients, which integrate clinical, pathologic, and molecular 

oncogene parameters. The merging of these data may provide the clinician with an 

enhancement of prognostic information that accurately predicts the aggressive phenotype for 

bladder cancer. Thereafter, decisions regarding the necessity to administer and delete 

adjuvant therapies will gain scientific credibility. 
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