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Status of the p53, p16, RB1, and HER-2 genes and
chromosomes 3, 7, 9, and 17 in advanced bladder cancer:
correlation with adjacent mucosa and pathological
parameters
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Aims: To evaluate a panel of well known genetic alterations for frequency of changes in bladder cancer
that could be considered genomic instability determinants or adjunctive prognostic predictors.
Methods: Fluorescence in situ hybridisation analysis was performed to evaluate chromosomes 3, 7, 9, and
17 and the 9p21 (p16), 17p13.1 (p53), 13q14 (RB1), and 17q11.2 (HER-2) chromosomal loci in 48
muscle invasive bladder cancer specimens and the adjacent normal mucosa.
Results: There were significant differences between the frequency of chromosome 7 monosomy/polysomy
and 17 monosomy in the two groups (tumours and adjacent mucosa) (p = 0.004, p = 0.037, and
p = 0.015, respectively). There were no differences in the frequency of gene deletions between tumours
and the adjacent mucosa. 17q11.2 amplification was found in 14.5% of tumours examined, but not in the
non-malignant epithelium. Chromosome 3, 7, and 17 monosomy and the RB1 heterozygous deletion were
significantly associated with stage T3–4 (p = 0.03, p = 0.04, p = 0.04, and p = 0.03, respectively).
Conclusions: These results demonstrate the importance of chromosomes 3, 7, and 17 and gene alterations
in bladder cancer progression, highlighting their usefulness as prognostic markers. Larger studies with
longterm follow up of these patients are needed to determine the validity and clinical relevance of these
genetic findings, and molecular prognostic markers should be incorporated into phase II and III trials to
define their roles in predicting clinical outcome.

T
here are convincing data to support the hypothesis that a
large number of genetic events are involved in the
aetiology, progression, and response to treatment of

bladder cancer.1 Recently, a large body of information has
been generated with regard to the growth regulatory pathway
through which the p53 and retinoblastoma (Rb) proteins
work, including the MDM2, CDKN1A (p21), E2F, and MYCL
genes.2 Moreover, it has been shown that the genesis and/or
progression of bladder cancer is a consequence of genetic
instability, and that chromosomes 3, 7, 9, and 17 are
frequently involved in uroepithelial oncogenesis.3 4 HER-2
gene amplification has been shown to be associated with a
poor prognosis in bladder cancer.5

‘‘The identification of patients at increased risk of
progression is an important goal in bladder cancer
research because such patients will be candidates for
newer treatments and follow up strategies’’

In our study, we analysed deletions of 9p21 (p16), 17p13.1
(p53), and 13q14 (RB1) in 48 bladder cancer specimens and
the adjacent normal mucosa. In the same specimens, the
status of the 3, 7, 9, and 17 chromosomes and of the HER-2
gene was examined. The genetic evaluation was determined
using fluorescence in situ hybridisation (FISH). The pre-
liminary part of our investigation analysed the frequency of
chromosomal alterations, gene amplification, and deletion in
bladder cancer and the surrounding mucosa to evaluate
general genetic instability in the entire transitional epithe-
lium. In the second part of our study, we concentrated on
patients with advanced disease to evaluate the role of

molecular markers that could potentially have important
prognostic implications by complementing the standard
histopathological staging system. The identification of
patients at increased risk of progression is an important goal
in bladder cancer research because such patients will be
candidates for newer treatments and follow up strategies.

MATERIALS AND METHODS
Patient material and histopathological diagnosis
Our study included 48 patients who underwent radical
cystectomy, pelvic lymphadenectomy, and urinary recon-
struction for muscle invasive (n = 42) or recurrent high
grade superficial (n = 6) bladder cancer. Fresh tumour
samples were used for touch imprinting preparations.
Histological diagnosis and tumour grading were performed
by an experienced uropathologist according to the UICC
TNM6 and 1998 World Health Organisation classifications.7

Specimens were classified as follows: T1 (n = 6), T2a
(n = 5), T2b (n = 8), T3a (n = 8), T3b (n = 10), and
T4a (n = 11) tumours all belonged to grade 3. Nineteen of
the 48 tumours had lymph node involvement. Informed
consent was obtained from all patients and tissue sampling
was approved by the ethics committee of the National Cancer
Institute, Rome, Italy. In addition, 20 tissue samples, which
were considered non-malignant by conventional histology,
were also taken from adjacent sites on the urothelium. As a
control population, normal bladder tissue samples from

Abbreviations: CEP, chromosome enumeration probe; FISH,
fluorescence in situ hybridisation; LSI, locus specific identifier; Rb,
retinoblastoma
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patients undergoing prostatectomy, as a result of benign
pathology, were used.

FISH analysis
Touch preparations were reviewed by a pathologist to verify
the adequacy of the cellular components. The FISH analysis
procedure has been described previously.4 The fluorescent
labelled probes for FISH assay, specific for the centromeric
region of chromosomes 3 (D3Z1), 7 (D7Z1), 9 (D9Z5), and 17
(D17Z1) (Vysis Inc, Downers Grove, Illinois, USA) were used
for specific ploidy detection. We also used specific probes for
p16 (9p21), p53 (17p13.1), and RB1 (13q14) (Vysis) to assess
the deletion (not mutation) of these loci. The status of the
HER-2 gene was evaluated by the HER-2 DNA probe kit
(Vysis). We also applied chromosome enumeration probes
(CEP) 9 and 17 to adjust for the effects of aneuploidy and to
establish the presence of amplification and/or deletion of
HER-2, p53, and 9p21. Copy numbers for centromeres and
specific gene regions were counted in at least 100 non-
overlapping cells. Some samples were not evaluated for all
variables for technical reasons.

Statistical analysis
The Mann-Whitney U test was used to assess differences
between frequencies of genetic aberrations in the two groups
examined (tumours and distal mucosa). The x2 test was used
to evaluate the association of genetic markers with patholo-
gical stage and lymph node status, and significance was set at
p , 0.05.

RESULTS
Chromosome 3, 7, 9, and 17 and LSI (17q11.2, 9p21,
17p13.1, and 13q14) status in normal and neoplastic
bladder tissue
In this first evaluation, we performed a control FISH assay to
establish the hybridisation patterns in bladder samples from
15 patients undergoing prostatectomy (table 1).

Tumours and distal epithelial samples were determined to
be monosomic and/or polysomic for chromosomes 3, 7, 9, and
17 and deleted for the RB1 gene when the dominant
population exceeded the mean +3 SD of any of the signal
categories seen in the control group. In addition, we used the
locus specific identifier (LSI) 13 probe (Vysis) to distinguish
between failure of hybridisation and deletion of the RB1
sequence. Homozygous deletion of the RB1 gene was present
when no RB1 and two LSI 13 signals were seen, whereas
heterozygous deletion was present when one RB1 and two
LSI 13 signals were seen. The control for aneuploidy of
chromosome 17, where the HER-2 and p53 genes are located,
was an a satellite centromere probe, which was co-hybridised
with the HER-2 and p53 genes. The probes for chromosome 9

Table 1 Mean percentage of cells after hybridisation with specific probes for chromosomes 3, 7, 9, and 17 and 13q14 (RB1
gene) in control cases

Chromosome 3 Chromosome 7 Chromosome 9 Chromosome 17 HO HE

M P M P M P M P RB1 RB1

Mean 2.20 0.80 3.42 1.0 1.40 0.70 11.1 1.50 0.00 9.30
SD 2.91 1.90 4.12 2.54 2.66 1.16 4.6 1.94 0.00 4.95

HE, heterozygous deletion; HO, homozygous deletion; M, monosomy; P, polysomy.

Table 2 Comparison between tumour and normal adjacent mucosa for all examined
genetic markers

Tumour (n = 48) Distal mucosa (n = 20) p Value

Chromosome 3 monosomy 21 (43.7) 7 (35.0) NS
Chromosome 3 polysomy 19 (39.5) 4 (20.0) NS
Chromosome 7 monosomy 21 (43.7) 1 (5.0) 0.004
Chromosome 7 polysomy 21 (43.7) 3 (15.0) 0.037
Chromosome 9 monosomy 33 (68.7) 11 (55.0) NS
Chromosome 9 polysomy 10 (20.8) 1 (5.0) NS
Chromosome 17 monosomy 18 (37.5) 1 (5.0) 0.015
Chromosome 17 polysomy 20 (41.6) 5 (25.0) NS
p16 HO 4 (8.3) 0 (0.0) NS
p16 HE 32 (66.6) 17 (85.0) NS
p53 HO 4 (8.3) 1 (5.0) NS
p53 HE 27 (56.2) 17 (85.0) NS
RB1 HO 6 (12.5) 2 (10.0) NS
RB1 HE 39 (81.2) 15 (75.0) NS
HER-2 amplification 7 (14.5) 0 (0.0) NS

Numbers in parentheses represent percentages. Significance was measured using the Mann-Whitney test (non-
parametric test).
HE, heterozygous deletion; HO, homozygous deletion; NS, not significant.

Figure 1 Fluorescence in situ hybridisation image: CEP 17 (green) and
LSI 17q11.2–q12 (red) in a case with chromosome 17 polysomy and a
ratio (gene to centromeric signals) . 2.
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(CEP 9 and LSI 9p21) were chosen to detect monosomy/
polysomy and losses of the p16 gene, respectively. We used a
ratio of more than two oncogene signals/centromere to define
HER-2 gene amplification. We used ratios of 17p13.1 : CEP
17 and 9p21 : CEP 9 lower than 0.5 as a measure of
homozygous deletion, whereas heterozygous deletion was
determined for ratios between 0.5 and 1. Table 2 compares
tumour and normal adjacent mucosa for all examined genetic
markers, based on established criteria.
Monosomy and polysomy of the evaluated chromosomes

ranged from 20.8% (chromosome 9 polysomy) to 68.7%
(chromosome 9 monosomy) in the tumours and from 5.0%
(chromosome 7 and 17 monosomy and chromosome 9
polysomy) to 55.0% (chromosome 9 monosomy) in the
adjacent mucosa. A significant difference was seen only for
chromosomes 7 and 17. Most of the tumours and adjacent
mucosa (68.7% and 55.0%, respectively) showed monosomy
of chromosome 9 (table 2). As illustrated in table 2, FISH
analysis performed using LSI probes revealed no differences
in the frequency of deletions between tumour samples and
the surrounding mucosa. The highest percentage of homo-
zygous deletion of neoplastic informative cases was found at
the 13q14 (RB1) locus (12.5%). Homozygous deletion of the
9p21 (p16) and 17p13 (p53) loci was present in 8.6% of the
patients. Heterozygous deletion was more frequent than
homozygous deletion in cancer samples, ranging from 56.2%
(17p13) to 81.2% (13q14). Even though the difference is not
significant, HER-2 amplification was found in seven tumour
specimens (14.5%), whereas the adjacent mucosa did not
show amplification. Five HER-2 amplified tumours had
concomitant chromosome 17 polysomy (fig 1). Figure 2
shows the distribution of the LSI probes in the samples.

Association between genetic alterations and
pathological characteristics
In the second part of our study, contingency table 3 and the
x2 test were used to evaluate the association between the
pathological characteristics and genetic alterations in the 48
samples. In this part of the study, the discriminative power of
heterozygous deletion and chromosomal aberrations was
considered to be the median value of the percentage
alteration. With regard to homozygous deletion, the dis-
criminative power was its presence or absence.
Chromosome 3, 7, and 17 monosomy and RB heterozygous

deletion were significantly associated with T3–4 stage
(p = 0.03, p = 0.04, p = 0.04, and p = 0.03, respec-
tively).
In some cases (underlined in table 3), when chromosomal

and gene characteristics were compared with T3–4 stage and

lymph nodal involvement, a positive trend was found even
though the results were not significant.

DISCUSSION
Our evaluation of chromosomes 3, 7, 9, and 17 and the p53,
p16, RB, and HER-2 genes in human bladder neoplasia
focused on specific issues, namely: (1) the detection and
comparison of multiple genetic alterations identified in
bladder cancer and in normal urothelium, and (2) the
association of genetic alterations with clinicopathological
characteristics. We found chromosomal numerical aberra-
tions in all specimens analysed. Nevertheless, when malig-
nant and non-malignant cells were compared, significant
differences were seen only for chromosomes 7 and 17. These
results, in agreement with those of Cordon-Cardo et al,8 show
that the T3–4 stages are significantly associated with
chromosome 3, 7, and 17 monosomy.
Most tumours and normal urothelium showed chromo-

some 9 monosomy, with mean percentages of 71.2% and
55.0%, respectively. These data, according to a recent study
performed by our group on superficial bladder cancer,4

indicate that this alteration is ubiquitous, and is not related
to specific pathogenetic subsets, histological grade, or
invasive phenotype. In addition, no significant differences
in 9p21 deletion were found between malignant and non-
malignant cells.
The clinical relevance of p53 suppressor gene mutation is a

controversial issue in bladder cancer.9 Alterations in the p53
and RB tumour suppressor genes are an important compo-
nent in the development of bladder cancer, but the down-
stream pathways that contribute to urothelial transformation
are not completely defined.10 We found no significant
difference between cancer specimens and the distal mucosa
with regard to p53 deletion. The presence of allelic losses of
the TP53 markers in cystectomy specimens and in areas of
urothelium that are considered benign has been demon-
strated by conventional histology.11 12 These data, together
with the results of our study, support the hypothesis that
many normal appearing areas of the bladder are genetically
altered in patients with bladder cancer.

‘‘Our study strongly confirms the importance of chromo-
some 17 polysomy in HER-2 amplification detection’’

Inactivation of the RB1 gene is a common event in bladder
cancer and it has been associated with higher grade, invasive
stage tumours, and decreased survival.13 14 We found that the
histopathological stage was significantly associated with RB1
heterozygous deletion. In addition, a higher proportion of
neoplastic samples had RB1 deletion, both for homozygous
(11.0%) and for heterozygous (86.0%) deletion.
Emerging data on the use of HER-2 amplification as a

prognostic marker and/or therapeutic target (Trastuzumab)
in breast cancer15 stimulated our interest in assessing the rate
of HER-2 amplification in these specimens, and we were also
encouraged by the cancer and leukemia group B, which has
started a trial of single agent Trastuzumab in patients with
previously treated advanced bladder disease.16 Studies of
HER-2 overexpression and amplification have shown varying
results in bladder cancer, as a result of the application of
different laboratory techniques.4 Sauter et al found amplifica-
tion in 10 of 141 bladder tumours, but only in those with
aneusomy of chromosome 17.17 Chromosome 17 polysomy
was detected in five of seven of our amplified tumours.
Polysomy of chromosome 17 in bladder cancer occurs
independently of tumour polyploidy.18 Our study strongly
confirms the importance of chromosome 17 polysomy in
HER-2 amplification detection.

p16 HO Her-2
amplification

RB1 HERB1 HOp53 HEp53 HOp16 HE
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Figure 2 Locus specific identifier probe distribution in the samples. HE,
heterozygous deletion; HO, homozygous deletion.
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The results of our investigation highlight: (1) the presence
of general genetic instability in the entire transitional
epithelium and a close genetic relation between tumours
and the adjacent mucosa; and (2) that the status of
chromosomes 7 and 17 and the RB1 gene could be useful
genetic markers to complement the standard histopathologi-
cal staging system and to identify patients at risk of
progression. Because bladder cancer progression is undoubt-
edly associated with particular somatic genetic alterations,
individual patients could be characterised by defining any
significant genetic aberrations in the tumour obtained during

cystectomy. We propose that chromosome 3, 7, and 17
monosomy and RB1 heterozygous deletion should be
considered potentially useful intermediate biomarkers to
detect patients at high risk of progression who may benefit
from particular and innovative therapeutic interventions.
Each of these parameters individually and together could
improve the understanding of this disease and contribute to
categorising patients with advanced bladder cancer. Only
larger studies with longterm follow up will determine the
usefulness of this observation.
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Table 3 Chromosomal and gene characteristics according to stage and lymph node
status

Variable No. cases T3–4 p Value No. cases Node + p Value

Monosomy 3
(18* 22 40.9

0.03
20 35.0

NS
.18* 20 75.0 20 50.0

Polysomy 3
(18* 20 65.0

NS
19 42.1

NS
.18* 22 50.0 21 42.9

Aneusomy 3
(54* 23 60.9

NS
22 40.9

NS
.54* 19 52.6 18 44.4

Monosomy 7
(19* 23 43.5

0.04
22 27.3

NS
.19* 20 75.0 20 55.0

Polysomy 7
(22* 21 61.9

NS
21 42.9

NS
.22* 22 54.5 21 38.1

Aneusomy 7
(48* 22 63.6

NS
22 50.0

NS
.48* 21 52.4 20 30.0

Monosomy 9
(22* 23 47.8

NS
22 27.3

NS
.22* 21 66.7 20 50.0

Polysomy 9
(2* 22 59.1

NS
20 40.0

NS
.2* 22 54.5 22 36.4

Aneusomy 9
(38* 25 60.0

NS
24 41.7

NS
.38* 19 52.6 18 33.3

Monosomy 17
(18* 21 42.9

0.04
20 30.6

NS
.18* 23 69.6 23 47.8

Polysomy 17
(12* 23 65.2

NS
22 45.5

NS
.12* 21 47.6 21 33.3

Aneusomy 17
(44* 21 61.9

NS
20 50.0

NS
.44* 23 52.2 23 30.4

RB heterozygous
(26* 25 44.0

0.03
23 26.1

NS
.26* 23 73.9 23 52.2

9p21 heterozygous
(24* 21 47.6

NS
19 36.8

NS
.24* 19 63.2 19 36.8

p53 heterozygous
(28* 21 57.1

NS
21 33.3

NS
.28* 18 61.9 16 56.3

RB homozygous
No 27 66.7

NS
26 38.5

NS
Yes 21 47.6 20 40.0

9p21 homozygous
No 11 36.4

NS
11 27.3

NS
Yes 29 62.1 27 40.7

p53 homozygous
No 25 56.0

NS
25 44.0

NS
Yes 14 64.3 12 41.7

HER-2
,2 36 556

NS
35 40.0

NS
.2 7 51.7 7 28.6

Significance was assessed using the x2 test. Those values underlined showed a positive trend when chromosomal
and gene characteristics were compared with T3–4 stage and lymph nodal involvement, even though the results
were not significant.
*Median value.
NS, not significant.

Take home messages

N Alterations in chromosome 3, 7, and 17 ploidy and
RB1 gene alterations were found in bladder cancer

N Chromosome 3, 7, and 17 monosomy and RB1
heterozygous deletion might be potentially useful
intermediate biomarkers to detect those patients at
high risk of progression who may benefit from
particular and innovative therapeutic interventions

N Larger, longterm studies with follow up are needed to
assess the validity and clinical relevance of these
genetic findings
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