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Sex Chromosome Abnormalities in Bladder Cancer: Y Polysomies
are Linked to PT1-grade III Transitional Cell Carcinoma
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Abstract. Background: Bladder cancer is a heterogeneous group
of tumors from both the biological and clinical points of view.
Conventional cytogenetics and molecular genetic techniques have
shown non-random aberrations in bladder cancer, while certain
chromosomal changes have been found to be highly correlated
with tumor grade or stage. The aim of this study was to evaluate,
by fluorescence in situ hybridization (FISH), the numerical
aberrations of chromosomes X and Y in bladder cancer,
comparing the incidence of nuclei with aneusomies in different
grades or histological stages of the tumors. Materials and
Methods: The FISH technique, using DNA probes specific for
chromosomes X and Y, was applied to 35 male bladder tumor
specimens directly processed for cytogenetic study. Results:
Polysomies of chromosome X were observed in 25 out of the 35
cases examined (71.43%), while numerical aberrations of
chromosome Y were observed in 22 out of the 35 cases (62.86%).
Of those cases with numerical aberrations of chromosome Y, 13
had polysomy (37.14%), while in 9 cases, loss of Y was observed
(25.71%). Statistical analysis showed that numerical aberrations
on chromosomes X or Y were not linked to histological stage,
while a probable correlation was observed between aneusomies X
or Y and tumor grade. Comparing the results of PT1-grade III
tumors with those of PT1-grade II, statistical analysis showed that
aneusomies Y and, especially, polysomy Y were correlated with
PT1-grade III tumors, p=0.023 and p=0.010, respectively. An
uncertain correlation between polysomy X and PT1-grade III
tumors was found, p=0.070. Conclusion: Our results may suggest
that the genetic instability associated with PT1-grade III tumors
may account for the considerable potential for aggression of these
tumors. However, to draw definite conclusions, a large number of
cases must be studied.
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Bladder cancer is a heterogeneous group of tumors from
both the biological and clinical points of view. The factors
influencing tumor progression are not known and the
outcome of the disease is often unpredictable. It has been
suggested that multi-step genetic alterations could be
involved in bladder tumorigenesis. Conventional cytogenetics
and molecular genetic techniques have shown non-random
aberrations in bladder cancer, while certain chromosomal
imbalances have been found to be highly correlated with
tumor grade or stage. The most common numerical
chromosomal abnormalities are loss of chromosome 9,
trisomy 7 and loss of Y. Common structural chromosomal
changes have also been reported. The fluorescence in situ
hybridization (FISH) technique, with centromeric-specific
DNA probes, allows for the rapid detection of numerical
chromosomal aberrations of tumor cells (1-12).
In the present study, the FISH technique, using DNA
probes specific for chromosomes X and Y, was applied to
35 bladder tumor specimens in order to compare the
incidence of nuclei with aneuploidy in different grades or
histological stages of the tumors.

Materials and Methods
Thirty-five male bladder tumors of transitional cell carcinoma
(TCC) at the time of diagnosis were included in this study. After
surgical resection of the tumors, a routine histopathological
examination followed. The tumors were graded histopathologically
according to the World Health Organization (WHO) system (13)
and were classified according to the International Union Against
Cancer (14). Twenty five cases were grade III and 10 were grade
II. Fifteen cases were histologically classified as superficial
papillary tumors PTa-PT1, and 20 cases as invasive tumors
PT2-PT4. Six cases were superficial papillary PT1-grade III. A small
portion of each resected tumor was directly processed for
cytogenetic study and FISH, using a dual-labelled cocktail of the
DNA probes, DXZ1 specific for chromosome X and DYZ3
specific for chromosome Y (chromosome regions Xp11.1-q11.1 and
Yp11.1-q11.1, respectively) (Cytocell Technologies, Cambridge,
UK), which was applied to recently made slides from the
methanol/acetic acid-fixed cells of all tumors. FISH was carried out
according to the manufacturer’s instructions. The hybridization of
the probe with the cellular DNA site was visualized with a

319

ANTICANCER RESEARCH 26: 319-324 (2006)
fluorescence microscope NIKON E600 with a triple filter
DAPI/FITC/TEXAS RED. Positive chromosome signals appeared
as red (chromosome Y) or green (chromosome X) spots in the
nuclei. A minimum of 200 cells were evaluated for each case. The
signals were scored using the criteria of Hopman et al. (15). A case
was counted as aberrant if more than 10% of the cell nuclei showed
loss or gain of signals for either chromosomes X or Y. For
statistical evaluation, the Chi-square test was used.

Table π. Histopathological characteristics of bladder cancer patients.

Results
The histopathological characteristics of the resected bladder
tumors are presented in Table I. The numerical aberrations
of chromosomes X and Y, in association with the
histopathological characteristics of the resected bladder
tumors, are given in Tables II and III. A representative
example of FISH analysis is shown in Figure 1. Numerical
aberrations of chromosome X, including polysomies, were
observed in 25 out of the 35 cases examined (71.43%). Loss
of chromosome X was not observed in any of the cases
studied. Statistical analysis by the Chi-square test showed that
the numerical aberrations of chromosome X were not linked
to histological stage (p=0.567), while a probable correlation
was observed between polysomy X and tumor grade
(p=0.089). Numerical aberrations of chromosome Y were
observed in 22 out of the 35 cases examined (62.86%). Of
those cases with numerical aberrations of chromosome Y, 13
had polysomy ( 37.14%), while in 9 cases loss of Y was
observed (25.71%). In all cases with loss of Y, a lack of the Y
signal was observed in >60% of the cells examined. With
regard to the presence of numerical aberrations of
chromosome Y in association with tumor histological stage,
statistical analysis using the Chi-square test indicated that
there was not a significant correlation (p=0.920), while a
probable correlation was observed between aneusomies Y
and tumor grade (p=0.090). In all 6 superficial papillary
PT1-grade III tumors, polysomy X was observed, while in 5 and
1 of these cases, high polysomy or loss of Y were observed,
respectively. Comparing the results of PT1-grade III tumors
with those of PT1-grade II, the results of the Chi-square test
showed that there was an uncertain correlation between
polysomy X and PT1-grade III tumors, (p=0.070), while
aneusomy Y and, especially, polysomy Y were correlated with
PT1-grade III tumors, p=0.023 and p=0.010, respectively.

Discussion
Bladder cancer is a genetically heterogeneous disease
involving multiple genetic alterations in its development.
However, no specific aberration responsible for bladder
cancer has been established to date. Conventional
cytogenetics and molecular cytogenetic techniques have
shown several recurrent abnormalities and have highlighted
the genetic changes involved in bladder cancer. FISH
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Histopathological
characteristics

Total number of cases
(N=35)

Histological grade
I
II
III

–
10
25

Histological stage
PTa
PT1
PT2
PT3
PT4

1
14
15
3
2

analysis is a powerful tool for detecting chromosome
aberrations using chromosome-specific DNA probes on the
interphase nuclei of various tumors (1-6, 16-20). The clinical
course of urinary bladder TCC is highly variable and a
number of genetic alterations appear to be implicated in the
development and progression of tumors. Notably, an
association of certain genetic changes with tumor of high
grade or advanced stage has been reported, suggesting that
genomic alterations leading to tumor progression are most
likely to accumulate in advanced tumors. The precise
analysis of genetic changes may give insights into tumor
biology and may provide better prognostic parameters in
clinical practice (7, 10-12, 21).
In the present study, sex chromosome abnormalities were
evaluated in relation to the histopathological characteristics
in a total of 35 TCC male bladder tumors. Regarding
chromosome X, polysomy was found in 25 out of the 35
cases studied (71.43%), while loss of X was not observed in
any of the cases studied. Polysomy X was not found to be
correlated with tumor stage, though a probable correlation
with tumor grade was observed. There are no detailed
reported data concerning polysomy X in bladder cancer.
Polysomy X has been reported in TCC cell lines, but it has
not been found to be related to tumor grade or stage (9).
Polysomy Y was found in 13 cases and loss of Y in 9 cases.
An uncertain correlation of aneusomies Y with tumor
grade, but not with tumor stage, was found. With regard to
polysomy Y in relation to the clinical and histopathological
data of bladder cancer patients, to our knowledge, there are
no detailed reports. A missing Y was reported as a frequent
event in bladder TCC, which can occur either early in tumor
progression or at advanced stages of the disease. An
association between Y losses and the unfavorable course of
the disease has also been reported. However, other studies
have not shown an increased risk of tumor progression or
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Table ππ. Chromosomes X and Y copy numbers and histopathological characteristics in bladder cancer patients.
Histopathological
characteristics

Chromosome X
(N=35)

Chromosome Y
(N=35)

Loss

One copy

Polysomy

One copy

Polysomy

Histological grade
II
III

5
5

5
20

6
7

1
12

3
6

Histological stage
PTa-PT1
PT2-PT4

4
6

11
14

5
8

6
7

4
5

Table πππ. Chromosomes X and Y copy numbers in stage PT1-grade III and PT1-grade II bladder cancer patients.
Histopathological
characteristics

Chromosome X

Chromosome Y
Loss

One copy

Polysomy

One copy

Polysomy

Stage PT1-grade III (N=6)

–

6

–

5

1

Stage PT1-grade II (N=8)

4

4

4

1

3

recurrences in bladder cancer patients with loss of Y (3, 8,
22). In contrast, Neuhaus et al. (23) reported an
unexpectedly less frequent progression into muscle-invasive
carcinomas in PT1 tumors with a Y loss than in PT1 tumors
without Y loss. Thus, the role of chromosome Y in bladder
cancer still remains obscure.
From a clinical point of view, it is important that highly
sensitive methods for the diagnosis, prognosis and followup of bladder cancer patients be developed. The
identification of genetic alterations in bladder tumors, or
the detection of genetically-changed cancer cells in urine
are of major importance for the characterization of the
biological behavior and diagnosis of bladder cancer (2426). Our results may suggest that aneusomies X or Y are
not related to tumor progression to invasive stages, but
they might be correlated with high-grade disease. Notably,
26 out of the 35 cases in the present study had been
included in a previously reported study in which
abnormalities of chromosomes 9 and 11 were evaluated by
FISH (7). In that study, it was shown that aneusomy 9 was
linked to tumor stage and grade, while polysomy 11 was
mainly found in high-grade and advanced disease. Several
other studies have shown that aneusomies of different
chromosomes were associated with aggressive tumor

behavior (27-28). Therefore, it seems that, to derive
sufficient conclusions for the clinical significance of
chromosomal abnormalities in bladder cancer and to
correlate genetic changes with disease aggressiveness, it is
necessary that many more cases be studied and that, in
each case, as many chromosomes or chromosomal regions
as possible be evaluated by FISH.
Despite a favorable prognosis of non-invasive superficial
tumors, a large percentage of patients have tumor
recurrence and 10-15% of them develop disease
progression. The histological grade constitutes the classic
prognostic factor related to tumors. However, in the
majority of cases, histopathological characteristics cannot
predict which superficial papillary bladder tumors will recur
and become invasive. It seems that recurrence and
progression of these tumors is associated with the
acquisition of certain genetic changes that increase the
malignant potential of cancer cells. Thus, several studies
have shown, in patients with superficial papillary bladder
tumors, aneusomies of certain chromosomes to have a
predictive value for tumor progression (21, 23, 26-30). From
the clinical point of view, superficial papillary PT1-grade III
tumors constitute a distinct group of bladder cancer
characterized by a high risk of progression to muscle
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Figure 1. (a,b,c,d) Copy number of chromosomes X (green spots)
and Y (red spots) detected by FISH in bladder cancer cells from
four different cases.

invasion (31). In a study by Ribal et al. (28), high polysomies
of certain chromosomes were found in this group of tumors.
Simon et al. (21), using a comparative genomic hybridization
technique, found a remarkably higher number of
amplifications in PT1-grade III tumors compared with
PT1-grade II carcinomas. Interestingly, in all 6 cases of the
present study with superficial papillary PT1-grade III
tumors, polysomy X was observed, while in 5 and 1 of these
cases, high polysomy or loss of Y were observed,
respectively. Although the number of cases studied was
small, comparing results of PT1-grade III tumors with those
of PT1-grade II, statistical analysis showed a significant
association of polysomy Y with PT1-grade III tumors, while
an uncertain correlation between polysomy X and this
group of tumors was also observed. Our results may suggest
that genetic instability associated with PT1-grade III tumors
may account for the considerable potential for aggression of
these tumors. However, a large number of cases must be
studied in relation to clinical characteristics to confirm the
possible role of polysomies Y, or possibly of other genetic
changes, in the biological behavior of PT1-grade III tumors.
Moreover, based on the cytogenetic findings in relation to
histopathological characteristics, a new classification of the
disease could be proven and new therapy strategies could
also be developed.
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