
Introduction

Mutations of the P53 gene are the most frequent

somatic genetic abnormalities detected in human

malignant disease and are more common in uri-

nary bladder cancer (Hainaut et al. 2000; Dalbagni

et al. 2001). It has been shown that P53 mutations

are found mainly in high-grade and invasive blad-

der tumours, constituting about 35–72% of mus-

cle-invasive bladder tumours (Prescott et al. 2001;

Hartmann et al. 2002; Lu et al. 2002). Moreover,

most P53 alterations are missense point mutations,

which are clustered (80%) in the evolutionarily

highly conserved and functionally important

exons 58 of the gene (Olivier et al. 2002). Pres-

ently, the most important aspect that is decisive for

patients’ treatment is neoplasm staging based on

histopathological examination. However, accord-

ing to Cordon-Cardo (2001), patients should be

treated not only on the basis of their

histopathological examinations, but also on the

basis of changes in their molecular genetic profiles

occurring in the neoplasms. Recent studies indi-

cated that the detection of a P53 mutation, LOH

analysis, and overexpression of the P53 protein

provide valuable information regarding the prog-

nosis and responsiveness to the therapy of urinary

bladder carcinoma (Shigyo et al. 2001; Dashe

et al. 2002; Hopman et al. 2002; Obermann et al.

2003; Smith et al. 2003). It has been confirmed

that superficial tumours with the mutated P53

gene are characterized by high rates of recurrence
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and may frequently progress to invasive stages,

which are associated with worse prognosis.

Urinary bladder cancer is the fifth leading

cause of mortality due to malignant neoplasms in

Polish men. Occupational hazards and cigarette

smoking, particularly among young people, are

associated with increased risk of bladder cancer.

Poland lags behind other European countries with

respect to total recovery rates or 5-year survival

rates in patients diagnosed with cancer. In 1996,

urinary bladder cancers accounted for 4% of all

deaths caused by neoplasms in men and for 1.2%

in women (resulting in 1790 deaths in men and

430 deaths in women). Furthermore, in 1999,

bladder cancer figures rose to 4.27% of malignant

neoplasm deaths in men, compared to 1.7%

in women (Didkowska et al. 2002). The reasons

behind an increase in cancer-related deaths among

Polish citizens include delayed medical diagnosis,

increased smoking rate and large numbers of peo-

ple in high-risk professional groups (occupational

exposure to aromatic amines). For example,

the number of lorry drivers has increased signifi-

cantly since the opening of Poland’s borders

in 1989 and especially after Poland became an EU

member state (427 000 lorries in 1989 and

2 313 000 in 2003) (GUS 2004). This has led to an

intensive search for algorithms for diagnostic pro-

cedures with molecular methods, aimed at en-

abling early diagnosis and monitoring of disease

development.

Materials and methods

Sampling

DNA was extracted from blood and urine samples

of 82 patients with urinary bladder cancer (67 men

and 18 women, aged 19–86 years), as previously

reported (Table 1) (Miller et al. 1992). The control

DNA came from 202 cancer-free volunteers

(120 men and 82 women, aged 22–85 years).

PCR conditions

PCR reaction was performed in 50 µL of a solution
containing 1 µL of template DNA (ca. 100 ng),
5 µL of 10 reaction buffer (Sigma- Aldrich), 3 µL
of 2.5 mM dNTPs, 1 mM MgCl2, 2 µL of each of
a primer pair (5 pmol µL–1), 2 U of Taq DNA poly-
merase (Sigma-Aldrich), and 36 µL of distilled wa-
ter (thermocycler UNO II Biometra). All reactions
contained a nontemplate control. The PCR condi-
tions and primer sequences were previously de-
scribed by Phillips et al. (2000). The amplified
DNA samples were separated on 2% agarose gel
and stained with ethidium bromide.

MSSCP conditions

Aliquots of 5–9 µL of PCR reaction mixture were

mixed with 10 µL of MSSCP dye (95% formamide,

5 mM sodium hydroxide, 0.1% bromophenol blue,

0.1% xylene cyanol), and heated at 55oC for

10 min, followed by cooling on ice. Fifteen

microlitres of the samples were loaded onto

a 6–10% nondenaturing polyacrylamide gel

(30 : 1). In order to increase the screening sensitiv-

ity, electrophoresis was carried out under various

electrophoretic conditions: combinations of gels

with or without 5% glycerol and 4 temperature

profiles: (1) 23oC for 120 min; (2) 31oC for 20 min,

23oC for 20 min, 15oC for 20 min; (3) 20oC for

25 min, 6oC for 25 min; and (4) 15oC for 15 min,

10oC for 20 min, 5oC for 15 min. The running pa-

rameters for the gels were established at 600 V and

40 W in 0.5 × TBE buffer (pH 8.3). We used a spe-

cial device, which controlled and changed the tem-

perature thrice in each experiment. The bands of

the screened PCR products were visualized by sil-

ver staining. Individual DNA fragments with

shifted mobility were analysed for mutations,

as compared with the control.

Sequencing conditions

All mobility shifts were sequenced with
a DyeDeoxy terminator cycle sequencing
Thermosequenase 2.0 (Amersham Pharmacia
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Table 1. Histopathological and clinical data on urinary bladder tumours in studied

patients

Tumour type Total Grade Stage

G1 G2 G3 Tis Ta T1 T2 T3–T4

Primary tumours 52 19 19 14 1 13 17 11 10

Recurrent tumours 16 6 7 3 9 4 3

Monitoring 14 5 8 1 4 5 5

Total 82 30 34 18 1 26 26 19 10



Biotech) or with Big Dye sequencing kits
(PE Biosystems), according to the manufacturers’
instructions. Putative mutations were confirmed
on both coding and noncoding strands from a new
PCR reaction.

LOH

The VNTR (Variable Number of Tandem Re-

peats) segment in intron I of the P53 gene was am-

plified as described by Friedrich et al. (2000).

The PCR products of white blood cells and urinary

sediments were separated on 4.5% agarose gels

in 1 × TBE buffer. The gels were stained with

ethidium bromide, photographed and visualized

under a UV transilluminator.

Results

MSSCP

Mutations were found in 1 patient in G1
(1/30 = 3.3%), in 8 patients in G2 (8/34 = 24%),
and in 7 patients in G3 (7/18 = 39%). According
to clinical staging, the mutations found pertained
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Table 2. P53 mutations and polymorphism detected in urinary bladder patients

Sample
symbol*

Stage/grade Exon Codon Triplet Amino acid CpG Mutation/polymorphism

P3U Tis/G3, primary tumour 8
8
8

263
273
274

AAT→ATT

CGT→CCT

GTT→ATT

Asn-Ile
Arg-Pro
Wal-Ile

–
+
–

mutations

P7U T2/G2, primary tumour 8
8

265
266

CTG→CTA

GGA→AGA

Leu-Leu
Gly-Arg

+ mutations

P13U
P13B

metaplasia 6
6

213
213

CGA→CGG

CGA→ CGG

Arg-Arg
Arg-Arg

+
+

polymorphism

P20U T4/G2, primary tumour 8 273 CGT →CGC Arg-Arg + mutation

P26U T2/G3, recurrent tumour 8
8
Intron 9

265
266

CTG → CTA

GGA→AGA

C→A

Leu-Leu
Gly-Arg

–
–

mutations

P55U

P55B

T4/G2, primary tumour 6
6
6
6

213
198
206
213

CGA→CGG

GAA→GGG

TTG→TTC

CGA→ CGG

Arg-Arg
Glu-Gly
Leu-Phe
Arg-Arg

+
–
–
+

mutations and poly-
morphism

P56U T1/G3, primary tumour 6 213 CGA→ CGG Arg-Arg + mutation

P69U T4/G2, primary tumour 7 225
245

GTT→GAT

GGC→ GGT

Wal-Asp
Gly-Gly

–
–

mutations

P71U Ta/G1, recurrent tumour 7 233 CAC→ CAG His-Glut – mutation

P80U T1/G3, monitoring 5 132
139
140

AAG→AGG

AAG→AAC

ACC→ TCC

Lys-Arg
Lys-Asn
Thr-Ser

–
–
–

mutations

P81U Ta/G2, primary tumour 5 172 GTT→ GTA Wal-Wal – mutation

P86U

P86B

T1/G3, recurrent tumour 6
6
6

213
197
213

CGA→CGG

CGT→CGA

CGA→ CGG

Arg-Arg
Arg-Arg
Arg-Arg

+
–
+

mutation and polymor-
phism

P95U Ta/G2, recurrent tumour 8 282 CGG→ TGG Arg-Trp – mutation

P100U T2/G2, primary tumour 6 201 TTG→ CTG Leu-Leu – mutation

P103U
P103B

T3/G3, primary tumour 6
6

213
213

CGA→CGG

CGA→ CGG

Arg-Arg
Arg-Arg

+
+

polymorphism

P 104U T4/G3, primary tumour 8 280 AGA→ AAA Arg-Lys – mutation

P110U
P110B

T1/G2, primary tumour 6
6
6

213
202
213

CGA→CGG

CGT→CGA

CGA→ CGG

Arg-Arg
Arg-Arg
Arg-Arg

+
–
+

mutation and polymor-
phism

* U = DNA from urinary cells; B = DNA from blood

** CpG island – CG rich areas



to neoplasms at the CIS stage (1/1) in 1 patient,
to primary superficial neoplasms in 3 patients
(3/30 = 10%), to primary invasive neoplasms in
4 patients (4/21 = 19%), and to recurrent tumours
in 4 patients (4/16 = 25%).

In 5 patients (5/82 = 6%), polymorphism was
found at codon 213 of the P53 gene (Table 2).
Even though no mutations were detected in the
control group, polymorphism was diagnosed in
5/202 volunteers (2.5%). In 2 patients (1 primary
invasive tumour and 1 recurrent tumour) with
polymorphism at codon 213, 2 other mutations
were also found in exon 6 (codons 215 and 221).
Multiple mutations detected in 6 patients were as
follows: P3 (Tis/G3) at codons 263, 273, 274 of
exon 8; P7 and P26 (T2/G2 primary and T2/G3 re-
current neoplasm) at codons 265, 266 of exon 8;
P55 (T4/G2 primary neoplasm) at codons 198 and
206 of exon 6; P69 (T4/G2 primary tumour)
at codons 225, 245 of exon 7; and P80 (T1/G3
monitoring) at codons 132, 139, 140 of exon 5.
Figure 1A shows one of the results of MSSCP
analysis for exon 8, wheras figure 1B shows one of
the results of sequencing.

There was only 1 case of C→G transversion
(1/15 = 6.7%). We found similar observations for

C→A transition. Furthermore, the nucleotide re-

placements were observed in C→T, T→C and

A→T in 2 patients (2/15 = 13.3%), G→C in 3 pa-

tients (3/15 = 20%), and G→A in 6 patients (6/15

= 40%). The C→G replacement, most characteris-
tic of urinary bladder carcinoma, was found in

a recurrent tumour. In addition, C→A transition
was found in intron 9.

LOH

We recorded 35/85 (= 41%) noninformative cases

by using LOH analysis. As regards primary

neoplasms, LOH was detected in 1/1 neoplasms of

Tis stage, 7/19 of superficial neoplasms (37%),

and 5/13 of invasive neoplasms (38.5%). Among

the recurrent neoplasms, there were 5/7 informa-

tive cases (71%), while among patients with moni-

tored recurrence, only 3/9 (33%). All tests were

repeated twice for each patient. Three types of re-

sults are presented in figure 2.

Discussion

The gold standard for genetic testing is sequenc-

ing. However, this method has several drawbacks,

including its cost, labour-intensiveness and low

sensitivity in detecting all mutations, particularly

those occurring in less than 10% of the cells (Loeb

et al. 2003). Since DNA from normal cells is pre-

dominant in isolated cells of the urinary sedi-

ments, we have chosen the MSSCP method, which

ensures the isolation of DNA fragments of differ-

ential migration (vs. the wild-type fragments) in

the polyacrylamide gel. In this study, results of

DNA sequencing of these abnormal bands from
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Figure 2. Three types of results of loss of heterozygosity

(LOH) analysis, detecting PCR products of urinary cells

(U) and blood lymphocytes (B): lanes 1U and 1B with

2 distinct bands each (informative result: no LOH); lane

2U with 1 band and lane 2B with 2 distinct bands

(informative result: LOH); lanes 3U and 3B with only

1 band each (noninformative result).

Figure 1. (A) Results of MSSCP analysis in exon 8 of the P53 gene. Lane 2 presents a mutation at codon 266. (B) Results

of sequencing. The arrow points at an A→G change.

1 2 3 4 5

A B



urinary cells were compared with that for genomic

DNA from blood lymphocytes. The application of

several combinations of polyacrylamide gels and a

new option related to DNA analysis in the temper-

ature gradients, increased the probability of de-

tecting changes in DNA by 20–30%, as compared

with the traditional SSCP (Kaczanowski et al.

2001). Berggren et al. (2000) applied only 2 tem-

perature variants (in separate experiments) and 4

combinations of polyacrylamide gels to detect

more than 90% of mutations in the DNA isolated

from cell lines, and 100% of mutations (10/10) in

samples from patients. Staging and grading of

transitional cell carcinoma are currently the most

useful tools for taking therapeutic decisions and

evaluating the prognosis of bladder cancer pa-

tients. We found the highest percentage of muta-

tions in G3 (39%). Our results are also in

accordance with those of previous findings based

on the occurrence of P53 gene mutations at the

CIS stage (67–72%) and in invasive neoplasms of

the urinary bladder (4/21 = 19%) (Uchida et al.

1995; Hartmann et al. 2002; Tiguert et al. 2002).

We found that the percentage of P53 gene muta-

tions in superficial neoplasms of the urinary blad-

der was 10% (= 3/30), whereas it varied (14%,

25%, 44% or 66%) in previous reports

(Yoshimura et al. 1995; Pfister et al. 1999; LaRue

et al. 2000; Berggren et al. 2001). There is evi-

dence that mutations often correlate with the inci-

dence of recurrent neoplasm (our results

4/16 = 25%) (Sachs et al. 2000; Friedrich et al.

2001; Shigyo et al. 2001). In the MSSCP method,

the risk of false- negative results was associated

with the fact that not all point mutations might

cause changes in ssDNA conformation. More-

over, errors associated with the sequencing proce-

dure or epigenetic changes, such as DNA

methylation, should be considered (Jubb et al.

2001). It is necessary to have an appropriate pro-

portion of changed cells in the examined samples.

For example, Sidransky et al. (1991) reported that

the percentage of changed cells for urinary sedi-

ments should be more than 7%. In the present

study, multiple mutations occurred in 6 out of 15

cases. They are a rare finding in urinary bladder

carcinoma, except in cases where the aetiological

factor is blood fluke (Schistosoma haematobium)

(Osman et al. 1997).

Genetic polymorphism in genes associated

with tumourigenesis may determine individual

susceptibility to cancer (Olivier et al. 2002).

The 5 cases of polymorphism at codon 213 of the

P53 gene in the group of patients (6%) prompted

us to compare it with the frequency of polymor-

phism in a group of cancer-free volunteers, where

it proved to be much lower (2.5%). Fiszer-

Maliszewska et al. (2000) reported that in studies

based on germline P53 mutations in 130 Polish pa-

tients from a high-risk group, there was polymor-

phism at codon 213 in 5 patients (3.85%).

However, there are no published data regarding

the frequency of this type of polymorphism in

healthy people. Furthermore, no correlations be-

tween the occurrence of polymorphism at codon

213 and the risk of urinary bladder carcinoma de-

velopment have been reported so far from Poland

and other countries. Friedrich et al. (2000) found

this type of polymorphism in 1/40 patients (2.5%)

with neoplasm of the urinary bladder in the

pTa/G2 stage. Williamson et al. (1994) detected

changes in urinary bladder carcinoma in 2/102

cases (2%). Moreover, LaRue et al. (2000) found

polymorphism at codon 213 in 2 cases (4%) in 51

patients with urinary bladder cancers. Our data

(5/202 = 5.9%) are consistent with previous results

on genetic alterations in bladder cancer

(1/13 = 7.7%) reported by Dalbagni et al. (2001).
In the present study, the results of LOH analy-

sis are in accordance with those shown by previ-
ous studies. This study was based on the reports of
Friedrich et al. (2000), in which a marker for
intron I of P53 gene was used to give 79.3% of in-
formative results (vs. 59% in our study), including
43.5% (vs. 42% in our study) detected by LOH
analysis. In other studies, there were varying LOH
results for superficial neoplasms, ranging from
a few to 80% (Shigyo et al. 2001; Hartmann et al.
2002).

Conclusions

The frequency of P53 gene mutations in patients
with urinary bladder carcinoma from the central
part of Poland is lower than that shown in reports
from other countries. Mutations of the P53 gene
are detected mainly in the advanced stages of
the histopathological and clinical development
of the disease and at the carcinoma in situ stage,
as evident in similar observations. Mutations
at P53 did not occur in the control group. Further-
more, the results of our study show that there was
a higher percentage of cancer-diagnosed patients
with polymorphism at codon 213 of the P53 gene,
compared with the control group. However, large
prospective studies are necessary to evaluate
whether this type of polymorphism is a predispos-
ing factor for neoplastic development.
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