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Molecular cytogenetic characterization and diagnostics of bladder cancer
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Bladder cancer is a heterogenous malignancy with wide scale of clinical manifestation. Different chromosomal aberrations
have been already identified in bladder tumors. These aberrations can be detected by multicolor interphase fluorescence in
situ hybridization (I-FISH) or comparative genomic hybridization (CGH). The aim of this study was to determine the
diagnostic benefits of non-invasive I-FISH method and to comprehensively characterise genetic alterations using CGH in
selected patients with bladder tumors. We examined 128 urine samples and correlated our results with histological findings.
I-FISH using UroVysion kit ® showed positivity in 63,6 % of G1 tumors, 64,3 % of G2 tumors and 91,7 % in G3 tumors. We
examined also 12 bladder tissue samples by means of CGH and various genetic alterations were ascertained independent on
tumor grade. The most frequent gains and losses of DNA material were detected on chromosomes 1, 8, 9, 10, 11, 13, and 14.
The contribution of I-FISH is in an early and non-invasive detection of bladder cancer recurrences during follow up of
patients after the surgery. CGH provides information about further genetic alterations and some of them could be ascertained
as recurrent changes with prognostic significance.
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Bladder cancer is the sixth most common malignancy de-
tected in men and the thirteenth detected in women in the
Czech Republic. More than 2500 of new cases of bladder can-
cer is diagnosed every year which means that the incidence
of this disease has almost doubled in comparison to the data
quoted in 1970. From the global point of view the estimations
show that there is more than 250 000 of bladder cancer cases
newly diagnosed every year over the world and the incidence
is gradually increasing in all industrial countries.

Around 70 % of the patients with bladder tumor develop
superficial forms (Ta, T1, Tis) that are accompanied by a high
rate of recurrence up to 80 %. Therefore long-term follow up
is needed to prevent progression to invasive, potentially le-
thal bladder tumor. The risk of progression varies between
2-50 % according to the type of primary tumor. Invasive tu-
mors (T2-T4) occur in 20-30 % of patients and develop often
lethal metastases (more than 50 %). Many observations clari-

fied that bladder cancer is a disease with variable behavior.
Some tumors seem to be aggressive, but their further course
is favourable and vice versa.

Our understanding of the genetic changes that accompa-
nies bladder cancer initiation and progression is being
increasingly out-ravelled. Cytogenetic studies revealed fre-
quent alteration of various chromosomes in bladder cancer
that predetermined its behaviour [1–3]. For example, homozy-
gous deletion of CDKN2A gene in 9p21 locus occurs in early
stages of bladder tumor development. Alternative transcripts
from this gene, proteins INK4A and ARF play very impor-
tant role in the cell cycle regulation. INK4A protein controls
the RB-regulated G1-S transition, whereas ARF protein sta-
bilizes, enhances the p53 protein level and blocks its
degradation. As the tumor progresses into invasive or meta-
static stage, further chromosomal changes as loss of 8p, 11p,
17p, gains of 1q, 8q, 11q or aneuploidy of various chromo-
somes appear. Mechanisms generating aneuploidy are based
on defects of mitotic checkpoints due to reduction of the check-
point component levels. Weakening of the major cell cycle
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control mechanism that prevents chromosome missegregation
leads to near-diploid aneuploidy and therefore to the change
in the gene dosage [4]. Aneuploidy of various chromosomes
is often accompanied by centrosomal defects (80 % of all blad-
der tumors) and correlates with higher tumor grade and stage
[5].

Diagnostics of bladder cancer and prediction of its further
course is routinely carried out according to histopathology
and cytology findings i.e. changes in morphology and
immunophenotype of the cell. However modern molecular
cytogenetic methods offer the possibility to examine the ini-
tial cause of the tumor development i.e. changes in genetic
information.

Genetic aberrations indicating malignancy can be found
by interphase fluorescence in situ hybridization (I-FISH). This
method enables the examination of the non-dividing cell nu-
clei obtained from the urine. SOKOLOVA et al. [6] developed
UroVysion kit specific for detection of specific chromosomal
aberrations occuring in bladder cancer. This kit uses
fluorescently labelled centromeric and locus-specific DNA
probes for chromosomes 3, 7 , 17 and locus 9p21. Probes are
hybridized to nuclei of the cells obtained from urine samples.
I-FISH method is non-invasive, very fast and has significantly
higher sensitivity than conventional urine cytology i.e. up to
81 %.

Another approach to genetic characterization of bladder
cancer is comparative genomic hybridization (CGH) [7]. This
method enables the detection of changes in DNA copy num-
bers – gains (e.g. amplifications) and losses (e.g. deletions)
in the whole genome within a single experiment. CGH tech-
nique helped in the assesment of recurrent genetic alteration
and therefore in the development of UroVysion kit [8].

The aim of this study was to perform molecular cytoge-
netic examination of urine and tissue samples of patients with
urological disorders, to correlate these results with histologi-
cal findings and to evaluate the contribution of I-FISH and
CGH method to diagnostics and genetic characterization of
bladder cancer.

Materials and methods:

Patients. We examined prospectively 128 urine samples
from 97 patients, who had symptoms suggestive of bladder
cancer or came for a check-up with recurrent bladder cancer
event, using I-FISH method. Control group was formed by 31
donors. Voided urine samples (max volume 35 ml) were mixed
in a 2:1 ratio with Carbowax® (2% polyethylene glycol in
50% ethanol) within 30 min of colletion and refrigerated (2°C
to 8°C). The urine sediments were fixed in Carnoy´s fixative
and slides were prepared according to standard cytogenetic
protocols. Furthermore, we examined tissue samples from
bladder tumors or normal urothelium from 10 men and two
females. These samples were processed by CGH for charac-
terization of genetic alterations within the whole genome.
Unfortunately, due to the absence of urine samples from these

patients, we were not able to perform also I-FISH examina-
tion as in previous patients and to make a comparison of our
findings.

I-FISH. Multicolor I-FISH was performed according to the
guidelines of the manufacturer (Abbott-Vysis™, Downers
Grove, IL, USA). Briefly, slides were pretreated with 2x sa-
line/sodium citrate (SSC) at 73°C, 0,5 mg/ml pepsin at 37°C/
0,01N hydrochloric acid (HCl) in a waterbath at 37°C, 1%
formaldehyde, washed in PBS at room temperature and dehy-
drated in 70%, 85% and 100% ethanol. The UroVysion® probe
mix was placed on the slides, co-denaturated (73°C/2 min)
and hybridized (39°C/24 hrs). After hybridization slides were
washed using 0,4xSSC/0,3% NP-40, 2xSSC/0,1% NP-40 and
air dried. Diaminophenyloindole II. (DAPI II.) was used as
a counterstaining.

Slides were scored for fluorescence signals using fluores-
cence microscope (Zeiss Axioplan 2 Imaging, Germany) with
filter set including DAPI single bandpass (counterstain), aqua
single bandpass (chromosome 17), gold single bandpass (9p21
locus), red single bandpass (chromosome 3) and green single
bandpass (chromosome 7). Enumeration and evaluation of
the I-FISH signals were done on morphologically abnormal
nuclei with abnormal „DAPI pattern“ according to manufac-
turer recommendations as follows i.e. 25 morphologically
abnormal nuclei were counted until ≥4 of the 25 nuclei showed
gains for 2 or more chromosomes in the same nucleus or ≥12
of the 25 nuclei have zero 9p21 signals. If there were no ab-
normal nuclei, 200 morphologically normal nuclei were
counted.

Sensitivity and specifity were calculated considering the
findings from histology and cystoscopy.

CGH. Tissue was homogenized using liquid nitrogen and
DNA was extracted with DNA isolation kit for mammalian
blood (Roche Diagnostics, Germany). Isolated test DNA was
labelled by nick translation with SpectrumGreen-dUTP™,
reference DNA was labelled with SpectrumOrange-dUTP™.
Inverse CGH was used to test the performance of CGH hy-
bridization. This procedure was performed with opposite
labelling, i.e. test DNA was labelled with Spectrum Orange-
dUTP™ and reference DNA was labelled with Spectrum
Green-dUTP™. Analysis of nick-translated products was ac-
complished by separation using electrophoresis in 1% agarose
gel (final lenght of fragments cca 1000bp). We prepared
a probe by precipitation of an equal amount of labelled test
and reference probes, Cot-1 DNA with 3M NaAc and 100%
EtOH and dissolved the probe in hybridization buffer. Dena-
turation of metaphase slides was proceeded in formamide
solution (70% formamide, 20x SSC, H20). The probe was
denaturated separately in a water bath. The slides with probes
were hybridized in a moist chamber at 42°C for 3 days. Post-
hybridization wash was carried out in 0,4 x SSC/0,3% NP40
and 2x SSC/0,1% NP40. Diaminophenylindole II. (DAPI II).
was used as a counterstain.

For each CGH analysis at least 15-20 metaphase spreads
were captured using a fluorescence microscope (Axioplan
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2, Zeiss, Germany) equipped with CCD camera. Chromo-
somal regions were defined as over-represented when the
green/red signal ratio exceeded 1,25 and under-represented
when the ratio was below 0,8. Images and ratio profiles
were interpreted using software ISIS for CGH analysis
(MetaSystemsTM GmBH, Altlussheim, Germany) according
to previously published criteria [9].

Results

Clinical data. We examined 128 urine samples from 51
females and 77 males (mean age 65 years, ranging from 23 to
93 years). Histological examination proved transitional cell
carcinoma in 97 patients from our cohort i.e. concretely 33x
grade 1, 28x grade 2 and 36x grade 3. Control group was
formed by 31 donors, ten of which were healthy and 21 had

benign urological disease (benign prostatic hyperplasia, neph-
rolithiasis, cystitis etc.).

Data of I-FISH analysis. Results of fluorescence in situ
hybridization are given in Table 1. Molecular cytogenetic find-
ings correlate well with histological results. I-FISH proved
positivity in 63,6 % of samples with grade 1 (G1), in 64,3 %
samples with grade 2 (G2) and in 91,7 % of samples with
grade 3 (G3). False positive results were found in 5 negative
controls (all with benign prostatic hyperplasia) and always
included only biallelic deletion of 9p21 locus.

Biallelic deletion of locus 9p21 was detected in 41,7 % of the
patients with bladder cancer i.e. 51,5 % in G1, 28,5 % in G2,
13,9 % in G3, respectively. This aberration was mostly detected
in patients with low grade bladder cancer. Aneuploidy for chro-
mosomes 3, 7 and 17 was identified in 48,6 % of the patients i.e.
3 % in G1, 25 % in G2 and 75 % in G3. These aberration are

Figure 1. CGH result of patient No.11
a) CGH proved DNA copy number changes on chromosomes 1, 2, 3, 4q, 5p, 6, 7q, 8, 10p, 11q, 12p, 13q, 14q, 15q, 16p, 19 and 20.
b) Inverse CGH did not prove DNA copy number changes on chromosomes 2p, 5p, 7q, 10q, 11q and 19, therefore these were excluded from the
result as the hybridization artefacts. The final result was concluded as follows: 46,XY,cgh ish enh(1)(p13-p31),enh(1) q12-qter),dim(2)(q14-
qter),enh(3),dim(4)(q21-qter),enh(6)(p11-pter),dim(6)(q24-qter), dim(8)(p11-pter),enh(10)(p12-pter),dim(10)(q26-qter),enh(13)(q21-
qter),dim(14)(q22-qter), dim(15)(q26-qter), dim(16)(p11-pter),enh(20).

Table 1. Correlation of I-FISH results with histological findings in 97 patients with bladder cancer

Tumor I-FISH proved Sensitivity of Distribution of chromosomal aberrations i.e.
grade positivity n/N I-FISH (%) biallelic deletion of locus 9p21/ aneuploidy of

(N=97 patients) chromosomes 3, 7 and 17 / both clones

G1 21/33 63,6 17 / 1 / 3
G2 18/28 64,3 8 / 7 / 3
G3 33/36 91,7 5 / 27 / 1
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clearly associated with higher grade bladder cancer. Clones with
both aberrations were found in 9,7 % of the patients.

Data of CGH analysis. Results of comparative genomic
hybridization are given in Table 2. Only genetic alterations
confirmed by inverse CGH were included into this study, other
changes were considered to be the hybridization artefacts (see
Figure 1). Tissue samples for CGH were obtained from 12
patients (2x G1, 4x G2, 6x G3), control sample was obtained
from a patient with benign prostatic hyperplasia. The CGH
analysis proved high number of genomic alterations. DNA
copy number changes varied from one to 22 in our cohort.
We have not any change in DNA copy number in the control
sample. The most frequent changes (at least four cases out of
12) were observed on chromosomes 1, 8, 9, 10, 11, 13 and 14.
Gains of material were detected on long arms of chromosomes
1, 8 and 13 and losses of material on short arms of chromo-
somes 8 and 11 and on long arms of chromosomes 9, 10, 11
and 14.

Discussion

Biological potential of each tumor can not be determined
only by routinely used methods such as cystoscopy, urine
cytology or histology. Thus, there is a strong need for new
prognostic factors that would clarify the cause of bladder tu-
mor development, progression and prognosis. Genetic
alterations in bladder cancer seem to be promising prognos-
tic markers, especially in early detection of high grade tumors
and prediction of recurrence in low grade tumors [10].

Molecular cytogenetic studies have identified various chro-
mosomal aberrations during bladder cancer development. The
UroVysion kit® contains the set of DNA probes providing
the highest sensitivity in detecting the bladder cancer. The
group that developed UroVysion kit® achieved the overall

sensitivity 81 % and specifity up to 96 % in the cohort of 265
patients with the combination of centromeric probes for chro-
mosomes 3, 7, 17, and locus-specific probe for 9p21 region
[8]. We examined 99 patients with these probes and reached
the sensitivity 73,2 % and specifity 83,8 %. Although these
values are lower likely due to small number of patients in our
cohort, they correlate with other studies performed on simi-
lar cohort of patients [11].

Biallelic deletion of locus 9p21 is considered to be an early
change in neoplastic processes and can be often found even
in histopathologically normal urothelium [12]. We found false
positive results in five patients with benign prostatic hyper-
plasia, but with regard to the fact that these patients belong to
the group with higher risk of bladder tumor due to the age
(mean age 67,2 years), they will stay under further surveil-
lance. This method could be also very useful in follow up of
patients with recurrent bladder cancer, where the relaps of
the disease could be detected earlier. But still it is important
not to underestimate the specificity during the surveillance
[10].

Comparative genomic hybridization performed on our co-
hort of patients showed the most frequent DNA copy number
changes of chromosomes 1, 8, 9, 10, 11, 13 and 14. These
results correlate well with findings described in the literature
[13]. We observed the loss of 14q as the most frequent ge-
netic change (six cases i.e. G1 2x, G2 3x, G3 1x) in our cohort.
Loss of heterozygosity (LOH) on 14q was described in more
than 40 % of urothelial carcinomas and is characteristic for
the invasive disease [14, 15]. Despite no concrete tumor sup-
pressor has been found in 14q, at least two frequent breakpoints
in 14q23 and 14q12 were identified [16].

Losses of 8p and both arms of chromosome 11 also belong
to recurrent genetic changes in bladder cancer. We detected
alterations in 8p in four patients of our cohort (all with G3)

Table 2. DNA copy number changes detected by CGH in 12 patients with bladder cancer

Patients Grade DNA losses DNA gains
No.1 bph none none
No.2 G2 5p15-pter, 9q21-qtera, 11p11-ptera,  11q22-qtera, 14q23-q32a 9p21, 20
No.3 G2 8p21-ptera, 11q22-q32a, 14qa, 8q11-qtera

No.4 G2 1p31-pter, 3p14-pter, 6q25-qter, 9p12-p23,  9q21-qtera, 10q21-qtera, 1q12-qtera, 3q12-qter, 4q12-q28, 13q14-q31a

17p11-pter
No.5 G3 1p21-p31 5p11-pter, 12p11-pter, 16q23-qter
No.6 G3 none 9q13-q21
No.7 G3 8p21-p23a, 11p12-p15a 7, 21q11-qter, 19, 20
No.8 G1 6p12-pter, 8p11-p23a, 8q21-qter, 9a,  10q11-qtera, 11a, 12, 14q21-qtera 1q12-qtera, 4q12-qter, 5q11-5q21,  13q13-q32a

No.9 G1 1p34-pter, 2q37-qter, 9q33-qtera, 16p11-pter,17, 19, 20q11-qter, 1q25-q32a, 2q32-q33, 3q25-q26, 4p11-p13, 4q12-q34, 5q15-q22,
22q11-qter 6q11-q23, 7q31,  8q12-q13a, 9p13-pter, 12q14-q22,  13q14-q33a

No.10 G3 1q32-q42, 3q24-qter, 8p12-ptera, 11p15-ptera,11q23-q24, 14q22-qtera, 1p21-p31, 6q12-q24, 8q11-qtera, 16q12-qter
15q22-q25, 16p13-pter, 20q11-qter

No.11 G3 2q14-qter, 4q21-qter, 6q24-qter, 8p11-ptera, 10q26-qter, 14q22-qtera, 1p13-p31, 1q12-qter, 3p, 3q, 6p11-pter,  10p12-pter, 13q21-qtera, 20
15q26-qter, 16p11-pter

No.12 G2 9p21-pter, 10q21-qter, 11p12-ptera,  14q22-qtera 8q21-qtera, 10p13-pter, 12q21-qter

Abbreviations: bph, benign prostatic hyperplasia; G1, histological grade 1; G2, histological grade 2; G3, histological grade 3
a In boldface are emphasized recurrent aberrations occuring at least in four patients out of 12 (≥30 %).
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and alteration of chromosome 11 in five patients (G2 2x, G3
3x). Deletion of chromosome 8 play an important role in tu-
morigenesis of bladder cancer. It was proved that LOH of 8p
correlates with progression [17]. Few promising candidate
tumor suppressor genes were located in 8p. The large telomeric
region 8p21.1-pter and more proximal region in 8p11.2-12 were
most frequently affected. Stoehr et al. [18] focused on sFRP1
gene (secreted Frizzled-related protein) located in 8p12-11.1
and proved that LOH at this region corellated well with inva-
sive papillary growth. Vecchione et al. [19] examined
candidate tumor suppressor FEZ1/LZTS1 located in 8p21-
p22 and found that down-regulated FEZ1 correlates with high
grade tumors. Regarding the losses on chromosome 11,
CDKN1C gene located in 11p15 might be another tumor sup-
pressor candidate due to its ability of inducing senescence in
urothelial cells [20]. No bladder cancer related gene has been
identified on long arms of chromosome 11 until now. CGH
detected losses of 11p and 11q in five resp. four patients of
our cohort.

Losses of 9p and 9q are very important changes especially
in the early phase in tumorigenesis. LOH on chromosome 9
is associated with activating mutations of the fibroblast growth
factor receptor 3 (FGFR3) and is often detected even in
urothelial hyperplasias [21]. Biallelic deletion of tumor sup-
pressor p16 located in 9p21 was found in the high percentage
of Ta-T1 tumors (59 %) [22]. We proved this aberration by I-
FISH in 30 % of our patients (mostly in G1 i.e. 17 %).

CGH revealed loss of 10q in four patients of our cohort.
This aberration is characteristic for late-stage events in pro-
gression of bladder cancer and is often connected with biallelic
deletion or mutation of PTEN tumor suppressor [23].

Gains of genetic material on chromosomes 1q, 8q, and
13q occured the most frequently in our cohort, each gain
was detected at least in four patients. DNA copy number
changes in 8q might be connected with amplification of
CMYC oncogene [24]. Amplification of 1q21-q23 is asso-
ciated with metastatic dissemination and chemoresistance
in bladder cancer. Meza-Zepeda et al [25] identified a novel
cyclophilin as a candidate amplified oncogene in 1q21. No
candidate tumor suppressor on 13q has been identified in
bladder cancer yet.

We can conclude that I-FISH is sensitive non-invasive
method useful for detection of bladder cancer from urine
samples, monitoring of recurrency and selection of patients
for cystoscopy. CGH is very effective experimental method
that enables the assesment of DNA copy numbers changes
within the whole genome. The contribution of this method to
the bladder cancer characterization resides in focusing to spe-
cific parts of chromosomes that may be afterwards analysed
for the presence of candidate tumor suppressor genes. All find-
ings from the CGH method have to be verified either by inverse
CGH or by FISH.

Due to the frequent alteration occuring in bladder cancer
we suggest that 11q, 13q, and 14q should undergo detailed
molecular examination.

This work was supported by grants from the Ministry of Health
MZO 00064165 and MSM 0021620808 and from the Ministry of
Education LC535.
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