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Early detection of bladder cancer is particularly important
since it dramatically affects the survival rates. However,
neither urinary cytology nor tumor markers that are
currently used are sensitive enough for the early detection
of bladder cancer or recurrent disease. The ras genes are
frequently mutated in cancer. In this study, we investigated
the diagnostic potential of ras mutation analysis in urinary
sediments of patients with bladder cancer using a single-
strand conformation polymorphism analysis and
polymerase chain reaction. Mutation in codon 12 of the H-
ras gene was observed in 39% of the patients. Our results
indicate that this approach may significantly improve
diagnostic sensitivity in detecting bladder tumors.
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Introduction

The most frequently detected alterations in oncogenes in both
animal and tumor model systems of human cancers are
mutations in the ras family of oncogenes (Brown et al., 1990;
Hoffmann et al., 1993; Krontridis et al., 1993). The ras gene
family codes for proteins of 21 kD (p21) which are found in
the cytoplasm, that is associated with the inner surface of the
plasma membrane (Marshall, 1988; Tong et al., 1989). The
normal function of the p21 proteins is to interact with tyrosine
kinase receptors to activate a signal transduction pathway (So
et al., 2001). Therefore, all of the ras gene products have
GTPase activity, and regulate cell growth and differentiation
(Barbacid, 1987). Mutations in members of the ras gene
family are found in a wide variety of human cancers
(Marshall, 1988). Most of these mutations are point mutations

in codon 12, 13, or 61, which convert the ras gene to a
transforming oncogene (Bos, 1989). The mutated ras p21 has
a structure that hinders its ability to bind to the GTPase
activating protein (GAP), thus keeping p21 in the GTP-bound
activated state (Tong et al., 1989; Krengel et al., 1990).

Patients with bladder cancer, whose disease is detected in
an early localized stage, have a 90% chance of surviving at
least 5 years (Hruban et al., 1994). If the disease is detected
after distant spread, then the 5-year survival rate drops to 9%.
Therefore, early detection of bladder carcinoma is extremely
important and may have a major impact on the outcome.
Unfortunately, the sensitivity of tumor markers for bladder
cancer is disappointingly low (Boman et al., 2002).

Urinary cytology has been used as a non-invasive screening
method for the detection of urinary tract cancer in the
preclinical stage, but it has a number of limitations. For
instance, it is much less sensitive than a biopsy, false negative
results are obtained in low grade tumors when the specimens
are scanty or the tumor cells are masked by larger numbers of
nonneoplastic cells (Murphy et al., 1984; Catalona, 1992).
Moreover, the interpretation depends on the expertise of the
cytopathologist.

Many of the drawbacks of urinary cytologic examination
can be overcome by molecular techniques. It has been
reported that H-ras mutations are frequently observed in
bladder cancer (Fujita et al., 1985; Visvanathan et al., 1988;
Czerniak et al., 1990; Levesque et al., 1993). Mutation
screening in the ras genes may be a useful marker for the
early detection of bladder cancer. However, to search for the
presence of mutations, tumor material should be available.
But, fresh tumor samples are usually difficult to obtain in a
clinical setting. Therefore, a rapid, sensitive, and non-invasive
method may be useful in the diagnosis of bladder cancer,
where the low proportion of cancer cells that are present may
make their detection difficult. Development of polymerase
chain reaction (PCR)-based techniques of lower detection
limits has opened the possibility of analyzing samples that
contain a low proportion of tumor cells that are admixed with
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a large number of normal cells. An analysis of the urine
sediments is practical, non-invasive, and easy to perform.
Since DNA can be isolated from the urine sediments by this
approach, mutation analysis is more convenient in urological
malignancies.

The aim of this study was to investigate the diagnostic
utility of the detection of H-ras codon 12 mutations in urine
samples from the patients with bladder cancer, and to evaluate
its potential as a diagnostic tool.

Materials and Methods

In order to identify codon 12 mutations of the H-ras gene, DNA
was isolated from urine sediments of 33 patients with bladder
cancer (mean age 61.7 ± 11.3) and analyzed using PCR and single-
strand conformation polymorphism (SSCP). Urine samples from 15
healthy subjects (mean age 40.9 ± 7.3) were used as the control
group. The sediments were incubated overnight in a lysis buffer
(10 mM Tris, 100 mM NaCl, 1 mM, EDTA, 1% SDS and 100 µg/
ml Proteinase K) at 37oC, followed by phenol/chloroform extraction
and ethanol precipitation. A 63 bp sequence that spanned codon 12
of the H-ras gene was amplified by PCR using primers:

Ras1-5’-GACGGAATATAAGGCTTGTTG-3’
Ras2-5’-TGGATGGTCAGCGCACTCTT-3 

The PCR reaction was carried out in a total volume of 25 µl that
contained 0.5-1 µg of genomic DNA, 50 mM KCl, 2.5 mM MgCl2,
10 pmol of each primer, l U Taq polymerase (Promega, Madison,
USA), 200 µM dNTP mix, and 2 mM Tris-HCl, pH 8.3. The
reaction mixture was heated to 94oC for 5 min for the initial
denaturation, followed by 35 cycles of denaturation at 94oC for 15 s,
annealing at 56oC for 30 s, and extension at 72oC for 30 s. The final
extension was allowed to proceed for 5 min at 72oC.

For the SSCP analysis, the PCR products were diluted 3-5 times
with 95% formamide that contained 10 mM NaOH, 0.05% xylene
cyanol loading buffer. Fifteen µl of the diluted sample was
denatured at 95oC, quickly chilled on ice, and applied to a 6% non-
denaturing polyacrylamide gel that contained 5% glycerol.
Electrophoresis was performed at room temperature for 5 h at
170 V. The gels were visualized by silver staining.

To confirm the presence of a single nucleotide substitution at
codon 12, which disrupts a restriction site for Msp I, the PCR
products were digested with Msp I and analyzed electrophoretically.
Digestion was performed in a total volume of 25 µl that contained
10 µl PCR product, 25 µl 10x digestion buffer, 5 µg BSA, and 10 U
Msp I (Promega, Madison, USA) by an overnight incubation at
37oC. After digestion, 1 µl of DNA was resolved on 12% non-
denaturing polyacrylamide gels in 1x TBE at 100 V for 2 h.
Following electrophoresis, the gel was stained in ethidiumbromide
and photographed under ultraviolet illumination.

Results

The ras gene mutation in the samples was analyzed by
amplifying a region that contained codon 12 of the ras gene,

and analyzing the PCR fragments by single-strand
conformation polymorphism. A SSCP analysis of the PCR
products exploits the differential mobility of the DNA
fragments that differ by a single-base change in the
polyacrylamide gel electrophoresis.

Abnormally migrating bands were observed in 13 (39.4%)
samples (Fig. 1). Common bands in Fig. 1 represent different
configurations of the reaction product. Since any mutation at
the first or second base of codon 12 destroys its restriction
site, presence of a codon 12 mutation was confirmed by
digestion with the restriction enzyme Msp I. While the wild-
type gene samples revealed two restriction fragments of 38
and 28 base pairs, the mutation carring fragments of the ras
gene remained undigested. All of the specimens that displayed
abnormal electrophoretic behaviour harbored a codon 12
mutation. In some patients, the analysis resulted in the
detection of both the normal and mutated fragments, but, in
most instances, the mutated fragment was selectively

Fig. 1. SSCP analysis of p21 codon 12 in bladder cancer
patients. Lanes 1, 3, 4; Normal p21 protein. Lane 2; Mutant
sample.

Fig. 2. Restriction enzyme analysis of the mutant samples. Lane
2; Wild-type fragments. Lanes 1, 3, 4, 5; Mutation carrying
samples.
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amplified. Representative examples of the specimens that
carried the mutation are shown in Fig. 2. In our study group,
we observed no association with the stage of the disease.

No mutation was detected in the healthy control group,
indicating that the molecular analysis had no false positives.

Discussion

Ras gene mutations have been identified in a variety of
tumors, and are able to contribute to the transformation and
neoplastic progression of urothelial cells (Knowles and
Williamson, 1993). The overexpression of normal and
mutated ras genes in bladder tumor cell lines induces tumor
invasion (Theoderescu et al., 1990). It is estimated that a
significant proportion of the bladder tumors have a mutated
ras gene (Czerniak et al., 1990; Knowles and Williamson,
1993; Burchill et al., 1994). Interestingly, all of the activated
ras genes in human urothelial tumors have been H-ras genes
(Visvanathan et al., 1988). Furthermore, the most common ras
activation event that is associated with bladder tumors is a
mutation at codon 12 (Fujita et al., 1985; Visvanathan et al.,
1988; Czerniak et al., 1990 and 1992; Levesque et al., 1993;
Burchill et al., 1994).

Currently, up to four cystoscopies per year are needed to
monitor superficial bladder cancer (van Rhijn et al., 2001).
Early detection and follow-up are critical for successful
treatment, since a considerable proportion of the cases
progress and recur. A diagnosis of bladder cancer can be made
by a cytologic examination of urine, but the sensitivity of this
technique is very low (Seripa et al., 2001).

Although new tests for tumor antigens in blood or urine
have been developed, their accuracy and sensitivity is far from
ideal (Sarosdy et al., 1997; Serretta et al., 1998; Wiener et al.,
1998; Boman et al., 2002). Urine usually contains cells with
oncogene mutations that are characteristic of the related tumor
types. Cancer cells in urine are usually mixed with large
numbers of genetically-normal epithelial and white blood
cells. Since only a small fraction of the cells may contain the
mutation, then detection of the ras mutation requires a
sensitive assay.

Because of their remarkable sensitivity, PCR-based
techniques are suitable to detect exfoliated neoplastic cells in
the urine of patients with bladder cancer. A SSCP analysis
provides a rapid and simple way to screen specific DNA
regions, and it is capable of identifying a wide range of
mutations. Since clonal ras mutations are highly specific for
the diagnosis of cancer (Mills et al., 1995), they are beneficial
as diagnostic tools in the cases that are positive. Different
studies have suggested the clinical utility of the ras gene as a
biomarker for cancer (Mills et al., 1995; Puig et al, 2000). The
resolution of PCR amplification and SSCP can usually detect
a mutant product when at least 10-20% of the cells carry the
mutation (Levi et al, 1991).

Our findings suggest that this technique offers a useful

alternative for a non-invasive diagnosis in a significant number
of patients. Selective amplification of the mutation-carrying
fragment, presumably by suppressing its normal counterpart
and by factors influencing translation rates, facilitates the
detection of tumor cells. The frequency of the codon 12
mutation was 39% in the present study. This is higher than
some studies (Levesque et al., 1993; Saito et al., 1997;
Olderoy et al., 1998), but agrees with several reports on the
bladder (Czerniak et al., 1990; Fitgerald et al., 1995), colon
(Kopreski et al., 1997; Puig et al., 2000), and lung (Mills et
al., 1995) tumors. Considerably higher frequencies have also
been reported (Burchill et al., 1991; Burchill et al., 1994;
Przybojewska et al., 2000).

Since our assay detected mutations in 39% of the patients,
this test could be useful in a considerable number of patients
with bladder cancer by providing a clinically valuable cancer
marker and improving the lower diagnostic yield of
cystoscopy. The higher sensitivity of the test may allow the
detection of cancer even before cytological evidence. Studies
that would be comprised of larger groups of patients are
warranted in order to investigate the association of the
detection rate with the stage of the disease.

Altogether, our findings indicate that the detection of ras
mutations in voided urine (as an adjunct to a cytologic
examination) may substantially improve the sensitivity of
detecting bladder tumors. It is particularly important that this
non-invasive technique offers a higher sensitivity and
specificity without adding false positives. Our study
demonstrates that the potential use of this molecular analysis
could be especially useful in patients to whom the cystoscopic
examination is inconclusive or cannot be adequately
performed. A mutation analysis in urine samples might be
useful in improving the detection of existing cancer and for
monitoring patients with recurrent disease.
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