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*Department of Veterinary Sciences, CECAV, University of Trá s-os-Montes and Alto Douro, Vila Real, Portugal, Department of 
Genetics and Biotechnology, Center of Genetics and Biotechnology-CGB, University of Trá s-os-Montes and Alto Douro-UTAD, Vila 
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Summary 
 
To examine DNA abnormalities in bladder papillary tumours induced by N-butyl-N- (4-hydroxybutyl) nitrosamine (BBN) in 
female rats, using image cytometric DNA analysis and cytogenetics. Thirty female rats were exposed to BBN in their 
drinking water for 20 weeks. One group of 10 animals served as controls. The animals exposed to BBN were killed at a rate of 
two per week, with the bladder being collected under aseptic conditions and those tumours with exophytic growth removed. 
The nuclear DNA content of the tumours was evaluated using image cytometric analysis. In two rats part of the tumour pieces 
was stipulated for culturing. Cytogenetic analysis was performed on at least 30 cells from each cell population and on both 
tumours. Papillary carcinomas were classified as low grade and high grade. DNA ploidy studies were carried out on 28 
low-grade and 21 high-grade papillary carcinomas. Histograms obtained by image analysis showed that a normal urothelium 
was diploid; 28.6% and 100% of low-and high-grade papillary carcinomas were aneuploid respectively. Both tumours used for 
cell culture showed multiple numerical and structural chromosome alterations and several marker chromosomes. Image 
cytometric DNA analysis proved to be a good and reliable method for examining DNA alterations in papillary bladder 
carcinomas. The present findings establish that the DNA content is statistically different between low-grade and high-grade 
papillary carcinomas and that deviation from the diploid number is markedly higher in the high-grade ones. In addition, the 
occurrence of marker chromosomes seems to be related to the aggressiveness of the tumour. 
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Introduction 
 

Bladder cancer is currently the most commonly occurring 
malignant tumour of the urinary tract (Buchumensky et al. 1998; 
Stamouli et al. 2004). The prognosis and resulting treatment of 
bladder cancer are closely related to the histopathological grade 
and clinical stage of the tumour. About 70–80% of patients with 
primary bladder cancer exhibit low-grade papillary carcinomas. 
The remaining 20–30% exhibit solid invasive cancer from the 
onset (Ariel et al. 2004). The incidence rates of blad- der cancer 
are the highest in developed countries (Ioakim- Liossi et al. 
1999). Major risk factors of this cancer include smoking and 

contaminating substances generated by the rubber, coal and 
textile industries, and combus- tion of fossil fuels (Crawford 
1996; Chico & Listowsky 2005). 

Nitrosamine-induced tumorigenesis in the rat bladder is a 
valuable animal model for the study of human bladder can- cer. 
Of the several nitrosamines that can be used to induce tumours 
in this animal model, N-butyl-N-(4-hydroxybutyl) nitrosamine 
(BBN) is the one most commonly used (Kunze 
1979; Becci et al. 1981; Fukushima et al. 1982). After oral 
administration of BBN in drinking water, bladder tumours 
form within 20 weeks. This model is an accurate reflection of 
those tumours clinically observed in humans; the tumours arise 
only from the urothelium and they are equivalent to human 
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urothelial carcinoma (Debiec-Rychter et al. 1989; Perabo et al. 
2005). 

Current approaches involved in the study of cancer bio- 
pathology include cytogenetics, molecular biology, flow 
cytometry and image cytometric DNA analysis (ICM). ICM has 
been used to predict the behaviour of several tumours and 
preneoplastic lesions (Oliveira et al. 2005; Cai et al.2006). This 
technique provides useful information concern- ing DNA content 
in a given population of cells (Ioakim- Liossi et al. 1999). 
Cytogenetic analysis plays an important role in clarifying 
tumour pathogenesis and prognosis (Lee et al. 2004). 

Numeric chromosome imbalance (aneuploidy) is a hallmark 
of most solid tumours, whether spontaneous or induced by 
carcinogens (Pathak & Multani 2006). Data on chromosomal 
alterations in chemically induced urinar bladder carcinomas are 
scarce, with only a few studies having been reported (Debiec-
Rychter et al. 1989; Balak-rishnan et al. 2002; Vecchione et al. 
2004). Here, we describe the DNA content in low-grade and 
high- grade papillary carcinomas and the preliminary 
cytogenetic analysis in one low-grade papillary carcinoma and 
in one high-grade papillary carcinoma of the rat urinary 
bladder. 
 

Materials and methods 
 
Forty-five-week-old female Fisher 344 rats were purchased from 
Harlan-Interfauna (Amsterdam, the Netherlands). The 
experiment began after a week of quarantine. The animals 
were divided into eight groups of five rats, housed in poly- 
carbonate cages at a room temperature of 20 ± 2 C, with a 
relative humidity of 50 ± 10%, and with a 12-h light/dark cycle 
(lights on from 8:00 to 20:00). The rats were main- tained with 
Tecklad diet (Global Diet; Harlan-Interfauna, Barcelona, Spain) 
and the cages were changed twice weekly to provide hygienic 
conditions. BBN was purchased from Tokyo–Kasey Kogyo 
(Tokyo, Japan), and administered in drinking water in opaque 
bottles at a concentration of 0.05%, over a 20-week period. Rats 
were fed ad libitum throughout the experiment. One group of 
10 animals served as control and did not receive any chemical 
supplements. The experimental design is present in Figure 1. 
The duration of exposure to BBN was based on data from our 
previous studies (Oliveira et al. 2006). All procedures involving 
the animals were performed in accordance with the guidelines 
established after approval by the Portuguese Ethics Commit- tee 
for Animal Experimentation (Direcç ã o Geral de Veteriná ria, 
Approval No. 520/000/000/2003). 

After a 20-week exposure to BBN, the animals were killed at a 
rate of two per week via an intracardiac pentobarbital 
overdose. Their urinary bladders were removed and opened under 
aseptic conditions. A portion of each tumour with exophytic 
growth was fixed in buffered 10% phosphate formalin solution 
for 12 h. The bladder, liver and kidneys from each rat were 
removed and fixed using the same solution. After fixation these 
tissues were routinely processed for paraffin embedding, cut into 

2 µm sec- tions, and mounted for haematoxylin and eosin 
(H&E) staining. Diagnosis, classification and tumour grading 
were performed using a light microscope, following the World 
Health Organization’s uroepithelial tumour classification 
criteria (Epstein et al. 1998). 

Image cytometric DNA analysis methods have been des- cribed 
in detail previously (Oliveira et al. 2005) and will be summarized 
here. The nuclear DNA content of cancer cells was measured 
using the CAS 200 image analysis sys- tem (Cell Analysis 
Systems, Inc., Elmhurst, IL, USA). The image system was first 
calibrated using the control slide, which contained a known 
quantity of DNA. Twenty to thirty lymphocytes and a minimum 
of 100 intact non-over-lapping urothelial nuclei were measured 
and analysed for each case, using the Quantitative DNA 
Analysis software programme (Cell Analysis System, Inc.). The 
integrated optical density (OD) of each Feulgen-stained nuclei 
was considered to be proportional to the amount of DNA pre- 
sent in the nuclei itself. The OD lymphocyte nuclei from each 
section served as an internal control (diploid refer- ence). The 
resultant DNA histograms were analysed using previously 
described methods (Raju et al. 1993; Cajulis et al. 1995; Reeder et 
al. 1997). The G0/G1 peak was identified visually in each lesion, 
and the mean, standard deviation (SD) and coefficient of 
variation (CV) values were calculated. The DNA index (DI) 
describes the relative DNA content of the study population and 
was defined as the ratio of the mean DNA content of the 
urothelial G0/ G1 peak divided by the mean DNA content of the 
resting diploid lymphocyte G0/G1 peak. The 5cER was also 
evalu- ated and defined as the percentage of cells with values 
above 5n. Lesions were considered aneuploid only if a sep- arate 
G0/G1 peak was distinguishable on the histogram and it differed 
from the reference lymphocyte population by >2SD. A DNA 
diploid lesion showed a single distinct G0/G1 peak with a DI 
within 2SD of the control lymphocytes and usually with <1% of 
5cER. 

The tumour explants were prepared for cell culturing by 
mincing the solid tissues into small fragments that were 
transferred to sterile flasks containing the complete medium, in 
accordance with Chaves et al. (2004). The tumour chro- 
mosome preparations were made following standard proce- 
dures described by Santos et al. (2006). Air-dried slides were 
aged at 65 C for 5 h, or overnight, and then submitted to 
standard G-banding procedures using trypsin and fixed in 
paraformaldehyde, as described earlier (Chaves et al. 2004). 

A descriptive study was performed for all variables included in 
this study. Statistical analysis was carried out using the SPSS 
12.0 statistical package for Windows. The differences in ploidy 
frequency within the groups were assessed by using Fisher’s 
exact probability test or the chi- square test. P < 0.05 was 
considered statistically significant. 
 
Results 
 
Clinical observation did not reveal any abnormalities within 
the groups. No macroscopic or microscopic changes were seen 
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in the liver, lungs and kidneys. 
The urothelium was normal in all 10 rats from the control 

group, 20 weeks after the start of the experiment. A histological 
classification of bladder tumours is given in Table 1. 

Low-grade papillary carcinomas were characterized by 
variations in the polarity and nuclear size, shape, chromatin 
texture and cytological atypia. Mitotic activity was low, but was 
observed throughout the urothelium (Figure 2). High-grade 
papillary carcinomas were characterized by a completely 
disordered appearance at low magnification, as well as 
architectural and cytological abnormalities. Cells appear 
irregularly clustered with the nuclear chromatin clumped 
together and prominent nucleoli. Mitotic figures were frequently 
observed (Figure 3). 

Image cytometric DNA analysis was successfully per- formed 
on 10 normal urothelium, on 28 low-grade and 21 high-grade 
papillary carcinomas. Figure 4 gives examples of two 
histograms obtained with CAS 200 from a normal urothelium 
and from a high-grade papillary carcinoma. Table 2 
summarizes the DNA ploidy of the normal urothelium and 
carcinomas analysed. All normal urothelium exhibited a dip- 
loid cellular DNA distribution, 28.6% of low-grade and 100% 
of high-grade papillary carcinomas were aneuploid. Table 3 
summarizes the histological pattern and DNA con- tent of 
papillary carcinomas at the moment each animal was killed. 

One of the tumours analysed using cytogenetics was char- 
acterized as a low-grade and the other as a high-grade papil- 
lary carcinoma. Most of the cells studied in both carcinomas 
exhibited very complex karyotypes, displaying a large number of 
marker chromosomes, identified by their morphological 
analysis. The complex karyotypes observed together with the 
aneuploid DNA content analysed using ICM confirmed the 
malignance of the lesions. In Figure 5, we present an illustrative 
G-banded metaphase preparation from the high-grade papillary 
carcinoma. It is possible to observe the marker chromosomes 
and numerical chromoso- mal alterations (2n ¼ 84). In this 
tumour, other cell populations (2n ¼ 79; 2n ¼ 83) were 
identified (Figure 6). Besides, in the low-grade papillary 
carcinoma that was cytogenetical- ly analysed, we detected the 
existence of different cell popu- lations (2n ¼ 41; 2n ¼ 40; 2n 
¼ 39), whose diploid chromosome numbers were not far from 
those in a normal situation (2n ¼ 42). 

It should be noted that GTG banding resolution (G-band- 
ing produced by trypsin and stained by Giemsa) was poor with 
regard to the precise chromosomal identification that is 
essential for organizing representative karyotypes, as well as 
for identifying marker chromosomes. 
 
Discussion 
 
The rat has been proposed as an ideal model for studying urinary 
bladder carcinogenesis, not only because rat papil- lary 
carcinomas are similar to those observed in man, but also 
because spontaneous tumours in the rat urinary bladder are 
rare, with other spontaneous non-neoplasic changes an 

uncommon occurrence (Boorman et al. 1994). 
The biological behaviour of urothelial papillary carcino- mas 

is roughly linked to their histological grade, but there are many 
cases where precise classification is difficult, requiring the use of 
complementary methods. In addition, it remains unclear 
whether there are differences in the type of genetic changes 
between low- and high-grade papillary car- cinomas (Ikemoto et 
al. 2004). To our knowledge, this is one of the first, if not the 
first, reports describing a DNA study in low- and high-grade 
papillary carcinomas induced by BBN in rats to include image 
cytometric analysis and cytogenetics. The correlation between 
the histological grade and the aneuploid frequency in low-grade 
papillary carcinomas makes this parameter a valid indicator of 
the different stages of tumour evolution. Moreover, the 
statistical difference observed between the frequency of 
aneuploidy between these two tumours (low-grade vs. high-
grade) confirmed the possible role of cytometric ploidy as a 
malignancy indicator. Lesions with morphologically identical 
cells sometimes exhibit different biological behavior patterns, so 
the use of ICM can permit selective examination of each cell and 
detect the biological aggressiveness of a given tumour (Santos et 
al. 2003). In image cytometry of cancer cells, the DNA content 
encompasses the chromosome copy number, extra chromosomal 
fragments and the individual chromosomes, as well as 
morphometric features of the nuclei (Huang et al. 2005). 
Cytogenetic analysis is, therefore, of great importance in 
establishing the nature of the alterations that are occurring. The 
two carcinomas cytogenetically analysed in this study exhibited a 
large number of marker chromosomes, amongst other chromo- 
some alterations. Numerical chromosome alterations or 
aneuploidy are one of the most prevalent somatic alterations 
identified in human tumours (van Velthoven et al.1995; Khaled et 
al. 2004). It has been suggested that aneuploidy instigates 
tumour progression by enhancing ge- nomic instability, with 
resulting alterations in cellular phenotypes. Tumours with 
minimal deviation in chromosome copy number, near diploidy, 
are clinically less aggressive than those with a greater deviation 
in chromosome number (Bergers et al. 1997; Sen et al. 2002). 
According to Santos et al. (2003), as urothelial carcinomas 
progress, there seems to be a selection of those cells with genetic 
material gains, conferring them DNA aneuploid status. The low-
grade papillary carcinomas (less aggressive) analysed by 
cytogenetics also displayed cell populations with more regular 
diploid numbers (2n ¼ 39, 40, 41). The observation of an 
increas- ing number of marker chromosomes as the tumours pro- 
gressed (in the high-grade carcinoma  we found cell populations 
with 2n ¼ 79, 83, 84), leads us to believe that the numerical and 
structural chromosomal alterations might be important events 
in the tumorigenesis of bladder papillary carcinomas. This is 
particularly important as there is gathering evidence that DNA 
aneuploidy is a key early event in tumorigenesis and may be a 
cause rather than a consequence of malignancy (Haroske et al. 
2001; Sudbo et al. 2001). Several mechanisms are thought to be 
respon- sible for the generation of aneuploid sets of 
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chromosomes: these include failures in cell division, such as 
defective chromosome separation caused by compromised 
mitotic checkpoint signalling or centrosome aberrations 
(Duesberg et al. 2005; Schnerch et al. 2006). Furthermore, 
aneuploidy arises to a much higher degree from a tetraploid 
state when compared with diploid cells (Schnerch et al. 2006). 
Inde- pendent of which mechanism causes aneuploidy, it seems 
that mutagenic and non-mutagenic carcinogens induce genomic 
instability via aneuploidy (Duesberg et al. 2004). In addition to 
changes in chromosome copy numbers, cancer cells may also 
experience a change in the size of individual chromosomes 
because of chromosomal translocations, deletions, and 
duplications. Cytogenetic studies performed on human 
urothelial carcinoma have shown several non-random 
aberrations (Stamouli et al. 2004; Fadl-Elmula 2005). The 
banding methods used in the present study were not sufficient to 
clarify the exact nature of the chromosome alterations. Further 
techniques such as in situ hybridization with, for example, whole 
chromosome paint probes, are required to study the tumour 
evolution by molecularly analysing different cell populations 
and to track the history of the chromosomal rearrangements 
which occur during tumour progression. 

In conclusion, the cytometric parameters improve existing 
knowledge on the biological behaviour of low- and high- grade 
papillary carcinomas of the bladder in rats, and could be used, in 
association with cytogenetics and histo- pathological criteria, in 
the characterization of these tumours. Further studies using 
molecular cytogenetic tech- niques in this model will certainly 
enhance the understand- ing of subjacent mechanisms associated 
with rat bladder tumorigenesis. 
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ation of DNA content in preneoplastic changes of mouse urinary 
bladder induced by N-butyl-N-(4-hydroxybutyl)nitro- samine. J. 
Exp. Clin. Cancer Res. 24, 207–214. 
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Bacillus Calmette-Gué rin. Anticancer Res. 26, 2995– 
3004. 

Pathak S., Multani A.S. (2006) Aneuploidy, stem cells and can- 
cer. EXS 96, 49–64. 

Perabo F.G., Willert P.L., Wirger A. et al. (2005) Preclinical 
evaluation of superantigen (staphylococcal enterotoxin B) in 
the intravesical immunotherapy of superficial bladder cancer. 
Int. J. Cancer 115, 591–598. 

Raju U., Zarbo R.J., Kubus J., Schultz D.S. (1993) The histo- logic 
spectrum of apocrine breast proliferations: a comparat- ive 
study of morphologyis and DNA content by image analysis. Hum. 
Pathol. 24, 173–181. 

Reeder J.E., Cox C., Wheeless L.L., Flint A., Liebert M., Gross- 
man H.B. (1997) Variability of DNA analysis by image cytometry. 
Bladder Tumor Marker Network. Cytometry 28, 
176–180. 

Santos L., Lameiras C., Afonso J. et al. (2003) Is DNA content 
alteration a consequence of proliferative and differentiation 
changes in urothelial bladder tumors? Acta Urol. 20, 9–17. 

Santos S., Chaves R., Adega F., Bastos E., Guedes-Pinto H. (2006) 
Amplification of the major satellite DNA family (FA-SAT) in a 
cat fibrosarcoma might be related to chromo- somal instability. 
J. Hered. 97, 114–118. 

Schnerch D., Hasskarl J., Engelhardt M., Wasch R. (2006) Origin 
and role of aneuploidy in cancer. Dtsch. Med. Wochenschr. 131, 
1747–1753. 

Sen S., Zhou H., Zhang R.D. et al. (2002) Amplification/over- 

expression of a mitotic kinase gene in human bladder cancer. J. 
Natl. Cancer Inst. 94, 1320–1329. 

Stamouli M.I., Panani A.D., Ferti A.D. et al. (2004) Detection of 
genetic alterations in primary bladder carcinoma with dual-color 
and multiplex fluorescence in situ hybridization. Cancer Genet. 
Cytogenet. 149, 107–113. 

Sudbo J., Kildal W., Risberg B., Koppang H.S., Danielsen H.E., 
Reith A. (2001) DNA content as a prognostic marker in patients 
with oral leukoplakia. N. Engl. J. Med. 344, 1270– 
1278. 

Vecchione A., Sevignani C., Giarnieri E. et al. (2004) Inactiva- tion 
of the FHIT gene favors bladder cancer development. Clin. Cancer 
Res. 10, 7607–7612. 

van Velthoven R., Petein M., Oosterlinck W.J. et al. (1995) Image 
cytometry determination of ploidy level, proliferative activity, 
and nuclear size in a series of 314 transitional blad- der cell 
carcinomas. Hum. Pathol. 26, 3–11.



6 

 

 
 
 
 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 



7 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



8 

 

 
 

 
 

 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



9 

 

 


