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ABSTRACT

Introduction. Loss of heterozygosity (LOH) is frequently
observed in urinary bladder neoplasms. In the reported
study, an attempt was undertaken to determine the loss
of heterozygosity of 7P53(17p13), RB1(13q14), CDKN2A/
ARR9p21) genes in DNA from neoplastic tissue, collected
from patients with diagnosed urinary bladder carcinoma,
and to compare the results with those of LOH evaluation
in DNA isolated from urine sediment cells.

Material and methods. After isolation, DNA was
amplified (PCR) by means of primers to five polymor-
phic microsatellite markers, the products being then
separated on agarose gel. Following the method, a to-
tal of 125 DNA samples were obtained, isolated from
neoplastic cells, together with 125 corresponding DNA
samples, isolated from urine sediment cells.

Results. The loss of heterozygosity in at least one
marker was identified in 39.2%. (49/125) of DNA from
studied tumors and in 34.3% (43/125) of DNA samples,
isolated from urine sediment cells. An analysis of LOH
from the DNA, isolated from urine sediment cells, al-
lowed for identification of 81.89% of neoplastic tumors
with 99.7% specificity.

Conclusions. Our observations have demonstrated that
LOH within 13q14, 17p13 and 9p21 /oc/is more often
observed in clinically more advanced neoplasms. LOH in
17p13 locus is more frequently found in tumors at high
histopathological stage, while in low-stage neoplasms,
LOH is most often observed on chromosome 9. The high
sensitivity (81.8%) and specificity (99.7%) of LOH stud-
ies in DNA, isolated from urine sediment cells, make this
technique an advantageous, non-invasive method for
detection and screening of bladder cancer.

INTRODUCTION

Regarding the world statistics, urinary bladder carcinoma ranks
7t among identified malignant neoplasms [1]. When the last twen-
ty years are taken into account, the incidence of this neoplasm has
demonstrated a significant rise also in Poland. In men, the neo-

plasm contributes to the 4™ cause of diseases and to the 6 cause
of death as a consequence of malignant neoplasm, while morbidity
and mortality rates in women are 3-4 times lower [2]. However,
the disease is diagnosed 6-9 months later in women than in men,
naturally contributing to a smaller number of five-year survivals in
the former group of patients [3].

Tobacco tar products are the most significant risk factors for
the development of this particular neoplasm. The major causative
factors include alpha- and beta-naphthylamine, which are secreted
into urine [4]. This is why the incidence of the neoplasm is 2-4
times higher in addicted smokers vs. non-smoking subjects [5]. Also
very important is the fact that the occurrence of this neoplasm
is associated with occupational exposure to chemical carcinogens
in 60-70%. Particularly endangered occupational groups include
workers of the dyeing, car building, rubber, leather, paper, gas,
chemical, metal, and oil industries [6].

Urinary bladder neoplasms constitute a heterogenic group of
medical conditions, which are characterized by different malignant
potentials. Almost 90% of all bladder cancer cases are transitional
cell carcinomas (TCC). The other 5-10% are: squamous cell carci-
noma (5-10%) and adenocarcinoma (1-2%) [7, 8].

Superficial tumors account for a high percent (70-80%) of the
neoplasms, originating from the urinary tract lining epithelium.
They are characterized by high recurrence (50-70%) and the high
percent of progression (10-30%) [9].

Molecular changes, which are at the base of urinary bladder
carcinoma development, demonstrate a rather differentiated
character, including both the activation of oncogenes and in-
activation of suppressor genes, the products of which are the
key cell cycle controlling proteins. The most frequent genetic
changes in cells of the urinary bladder lining epithelium include
mutations, microsatellite instability (among others, the loss of
heterozygosity - LOH), as well as epigenetic changes within
these genes.

There are various molecular mechanisms, leading to the de-
velopment of urinary bladder neoplasms [4, 10]. Rearrangements
within 7P53, RBT and PTEN genes are most frequently found in
invasive neoplasms, while superficial tumors develop in result of
changes in FGFR3, PIK3CA, HRAS, NRAS and KRAS genes [4, 10, 11].
Additionally, numerical and structural aberrations of chromosome
9 are observed in all the stages of clinical progression and histo-
pathological malignancy [12, 13].

The goal of the reported study was an evaluation of LOH in 7P53,
RB1, and CDKN2A/ARF  suppressor genes in DNA from neoplastic
tissues, collected from patients with diagnosed bladder cancer, and
a comparison of obtained results with the results of LOH analysis in
DNA isolated from urine sediment cells.
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MATERIAL AND METHODS

Study group

The loss of heterozygosity was evaluated in 125 patients (111
male and 14 female). The mean age of the patients was 66 years.
The average observation period of the patients was 32 months. The
histopathological and clinical data are shown in Table 1. Primary
tumors were observed in 98 patients (78.4%) from our study group.
The other cases (27/125; 21.6%) were recurrent disease 18 patients
(66.6%) with stage Ta and 9 patients (33.3%) with stage higher
then Ta). Forty-eight patients (38.4%) were treated by chemothera-
py. Recurrence of bladder cancer in our study group appeared in 33
cases (26.49%). Death from bladder cancer occurred in 23 cases.

Material for studies

DNA, isolated from peripheral blood lymphocytes, urine sedi-
ment cells, and tumor tissue, was submitted to molecular studies.
Fragments of neoplastic tissue were obtained in the course of tran-
surethral resection of bladder tumor (TURBT). They were frozen in
liquid nitrogen and stored until DNA isolation in 1.5 ml Eppendorf
tubes in -70°C. DNA was isolated by means of a commercial kit
for DNA isolation from biological remnants (Sherlock AX; A&A Bio-
technology, Gdynia, Poland) and stored in temperature of 4-8°C.

Blood samples were collected from patients into EDTA-K, con-
taining tubes and stored in refrigerator temperature until DNA iso-
lation, performed with a MagNa Pure Compact device and a MagNa
Pure Compact Nucleic Acid Isolation Kit | (Roche, Germany).

Urine samples (50 ml) were centrifuged (3200 RPM for 15 minutes
at 10°C) and washed three times with 50 ml of PBS buffer (0.8% NaCl,
KCl, 2.7, 1.8 mm KH,PO,, 8 mm Na,HPQ,, pH 7,4). DNA was isolated
with a Sherlock AX kit (A&A Biotechnology, Gdynia, Poland), designed
forDNAisolationfrombiologicalremnants. Isolated DNAwasstored at
4-8°C.

Table 1. Histopathological characteristics and clinical data of 125 bladder cancer
patients

Histopathological data:

Stage:
Ta 77 (61.6%)
>Ta 48 (38.4%)
Grade:
LG 72 (57.6%)
HG 53 (42.4%)
Clinical data:

Primary tumors 98 (78.4%)
Recurrent disease 27 (21.6%)

Table 2. Characteristics of microsatellite markers and PCR conditions

Analysis of the loss of heterozygosity

The loss of heterozygosity in 7P53, CDKN2A/ARFand RB1 genes
were studied by the polymerase chain reaction (PCR) technique. Five
microsatellite markers were used for that purpose - see Table 2 for
their exact characteristics. Amplification reactions were performed
with particular markers, separately for DNA isolated from tumor,
blood, and urine sediment cells for each of the patients, using BioRad
iQ5 and LabCycler SensoQuest thermocyclers. The reaction mixture
(25 ul) included 1 pl of genomic DNA (100 ng), 2.5 ul of 10x concen-
trated reaction buffer (700 mM Tris-HCI, pH 8.3, 166 mM (NH,),SO,,
25 mM MgCl,), 0.5 ul 2.5 mM dNTP (TaKaRa), with 1l of each starter
(5 pmolful), 1.25U of 7ag DNA polymerase (Novazym) 6, and 18.75 l
of water. All reactions contained a non-template control.

Corresponding PCR products of leukocytes, tumor tissue, and
urine sediment (10 pl) were electrophoresed on 4.5% agarose gel
and stained with ethidium bromide. Gels were evaluated by visual
inspection. We compared a number of bands in corresponding
blood, tumor, and urine samples and classified them as informative
(two bands in blood, tumor, and urine sediment), non-informative
(one band in blood, tumor, and urine sediment) and LOH (two bands
in blood and one band in tumor and urine sediments) (Fig. 1).

RESULTS

Results of heterozygosity loss assessment in DNA isolated
from neoplastic tissue

The loss of heterozygosity (LOH) in at least one marker was
identified in 39.29% (49/125) of the studied tumors. LOH was found
in 14.3% of the informative cases for 7P53 (11 LOH/77) and RB1
(8 LOH/56) genes, as well as in 34.2% of the informative cases for
CDKN2A/ARF gene (41 LOH/120). The highest LOH percentage was
recorded for D9S1748 marker (26.3%).

Regarding superficial tumors (Ta stage), LOH assessment results
were as follows: 8.9%, 33.8%, and 8.8% of the informative cases
for TP53, CDKN2A/ARF, and RB1 genes. For comparison, in higher
tumor stages (>Ta), allele loss was observed in 21.9%, 22.7%, and
43.5% of the cases, informative for those genes (see Figure 2A).

Following LOH analysis in tumors at low-grade (LG) stage, the
highest LOH frequency was noted in /ocus 9p21 (38.2%). In TP53
gene, the percent of loss of heterozygosity was 11.9%, while in the
RB17gene it was 15.6%. Having analyzed LOH in higher histopatho-
logical malignancy stages (HG - high grade), the loss of heterozy-
gosity was found in 28.8% of cases in /ocus9p12,in 12.5% of cases
in locus 13q14 and in 17.1% of cases in Jocus 17p13 (Fig. 2B).

LOH assessment results in DNA isolated from urine sediment cells
LOH, in at least one marker, was identified in 34.3% (43/125) of
DNA samples isolated from urine sediment cells. See Figure 2C for

Sequence of 5' >3' starters Size (bp) GDB and/or references

Forward: GAG GTC TCT AGC AAT AGG TAA AGG G

D135139 130133-133 g T GAC GTA AGG GAT GTT T 127 GDB: 190630, D135139 58°C
D9s 7 BN et ACCAGCACTOAG OIS TT T APM 643 (14 seC
Intron 1 P53 17p13.1 TR CAC S RIEEE i 131 Fridrich et al. [16] 64°C

Reverse: ACA AAA CAT CCC CTA CCA AAC AGC
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Fig. 1. An electrophoretic image of exemplary results of LOH for one (Intron
1 P53), out of the five studied microsatellite markers. Legend: P1, P2, P3 - num-
bers of patients; b - DNA isolated from peripheral blood; t - DNA isolated from
neoplastic tissue; LOH - loss of heterozygosity (informative result); | - informa-
tive result; N - non-informative result.

comparison of LOH frequency in the particular studied markers in
DNA isolated from neoplastic cells and urine sediment cells.

In 13 cases, the results of LOH assessment in DNA from urine
sediment did not correspond to the results of LOH analysis in tumor
DNA. Twelve false negative and one false positive result were ob-
tained. Following the obtained data, the sensitivity and specificity
of the test were calculated, the test consisting in LOH evaluation in
DNA isolated from urine sediment cells. The values of the param-
eters were 81.8% and 99.7%, respectively.

DISCUSSION

As it has previously been mentioned, there are various mecha-
nisms of primary urinary bladder carcinoma development [4, 10, 11,
13]. The loss of heterozygosity in /ocus 17p13, as well as 7P53 gene
mutations, are frequent disorders in advanced neoplasms and in
carcinoma in situ. In invasive cancers, one can also trace mutations
or deletions of RBT7gene fragments. The most frequent abnormali-
ties identified in benign tumors of the urinary bladder concerned
chromosome 9.

In the course of the study, the loss of heterozygosity in at least
one of the five studied markers was found in 39.2% of the evalu-
ated tumors. That LOH prevalence was lower from that reported by
Turyn et al. in their paper [14]. In their study they used a panel of 12
microsatellite markers for an analysis of LOH in DNA isolated from
neoplastic tissue. They managed to identify LOH in 71% of studied
cases (27/38). Similar data can be found in studies of Utting et al.
[15]. They estimated LOH rate at 72% (26/36), studying the loss of
heterozygosity with the use of primers for 6 microsatellite markers,
localized on three various chromosomes.

Having analyzed LOH in particular /oc/ of tumor DNA,
the highest LOH intensity (34.2%) was observed in CDKN2A/
ARF gene. LOH frequency for the other two genes was 14.3%.
Knowles et al. provide in their work the following frequency of
heterozygosity loss: 51% for COKN2A/ARF, 15% for RBT and
320 for 7P53 [16]. The results are almost twice higher from
those presented by us.

Having divided 125 studied DNA samples from urinary blad-
der tumors into superficial tumors (Ta) and more clinically ad-
vanced neoplasms (>Ta), it became evident that the frequencies
of LOH in all the studied /oc/ were higher in >Ta tumors. In case
of RB7 and TP53 genes, the LOH percent in Ta tumors was 8.8%
and 8.9%, respectively. This result is approximately 2.5 times
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Fig. 2. A. Comparison of LOH prevalence, regarding the particular studied genes
in Ta tumours with LOH prevalence in clinically more advanced tumours (>Ta).
B. Comparison of LOH frequency for the particular studied genes in LG tumours
with the frequency of heterozygosity loss in HG tumors. C. Comparison of LOH

frequency for the particular studied microsatellite markers in DNA of neoplastic
cells and of urine sediment cells.
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lower from the LOH frequencies, observed for more clinically ad-
vanced tumors (21.9%; 22.7%). In case of CDKN2A/ARF gene, the
difference, regarding LOH percent between Ta (33.8%) and >Ta
(43.59%) tumors is not as significant. Erbersdobler et al. [17], in
their studies on superficial tumors, observed LOH of 9p, 13g and
17p in 35.19%, 25%, and 27.5% of the cases. They studied a total
of 40 primary neoplasms of urinary bladder. Their results cor-
respond to the data, which are discussed in this report. A similar
frequency of LOH was also presented by Turyn et al. [14]. One
may then conclude that the higher the stage of clinical neoplasm
progression, the higher the observed percent of changes, con-
cerning chromosomes 13 and 17.

The material collected from neoplastic tissue, was divided and
analyzed also with regards to the degree of histopathological ma-
lignancy. Here, similarly as in earlier observations, the highest LOH
frequency was found in /ocus 9p21. It also concerns the neoplasms
at LG stage, where it amounted to 38.2% and in more malignant
tumors. However, in that particular case, the percent was lower,
namely 28.8%. A much lower LOH frequency was observed for the
other Joci. In tumors at LG stage, 15.6% of LOH was noted at /ocus
13914, while the percent of LOH for 7P53 gene was 11.9%. In HG
stages, the loss of heterozygosity was observed in 12.5% of cases
in fB7gene and in 17.1% of the studied informative samples at
locus 17p13.
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It can be concluded from the above presented analyses that the
loss of heterozygosity of 7P53 and RBT genes is more frequently
observed in more clinically advanced neoplasms. At the same time,
the loss of heterozygosity of 7P53 gene was more often observed in
tumors at higher stages of histopathological malignancy (HG). Re-
garding the neoplasms at LG stage, LOH was most frequently seen for
chromosome 9 and 13. The discussed results of the loss of heterozy-
gosity in DNA, isolated from neoplastic tissue, seem to confirm the
fact of existence of various molecular pathways of bladder carcinoma
development. It is fairly valuable information, since the patients with
LOH in 7P53 or RBT genes and with a diagnosed neoplasm in Ta LG
stage should become subject to more intensive follow-up, as it can-
not be excluded that in case of any subsequent recurrence in these
patients, a progression of the neoplastic disease may occur.

In the performed analysis of loss of heterozygosity, the high-
est LOH frequency in neoplastic tissue was observed in D951748
marker, amounting to 26.3%. The marker is localized very closely to
exon 1B of CDKN2A/ARF gene [18, 19]. The exon is a promoter for
ARF protein, the role of which is protection against ubiquitination
of TP53 protein by its elimination from the links with HDM2. In
consequence, high TP53 concentration is maintained in the cellular
nucleus, which activates transcription of the genes associated with
the cellular cycle arrest [20]. The loss of heterozygosity in D951748
marker may then be associated with the inactivation of the ARF
protein. In this way, the cellular cycle will not be stopped and the
process of neoplasia may go on [18, 19].

In clinical practice, urinary bladder neoplasms are identified
by cystoscopy, completed by cytological evaluation of urine sedi-
ment. Unfortunately, cytology identifies non-differentiated neo-
plasms in higher stages of clinical progression, while cystoscopy is
an invasive method for patient and rather expensive. According to
Michalski et al. [21], urine cytology is characterized by high speci-
ficity (even to 100%), while its sensitivity varies within the range
of 16-90%. Mao et al. demonstrated that, using this particular
study, even 50% of neoplastic changes could be overlooked [22].
Therefore, finding new, non-invasive diagnostics methods could
contribute to the reduction in the number of performed cystos-
copies and to quicker identification of disease or its recurrence. It
could also provide a direct, therapeutic advantage for the patient,
while simultaneously reducing the costs of therapy. There is an ob-
vious need to search for genetic markers, useful for detection and
evaluation of the course of the disease in question. An analysis of
microsatellite sequences can be a reliable, non-invasive method of
detecting neoplastic cells in urine sediment. In the future, having
selected an appropriate set of microsatellite markers, the method
could be used as a screening examination in the group of people
atincreased risk (for example people with former occupational ex-
posure) and in the group of patients to predict clinical outcome of
bladder cancer.

Table 3. Comparison of data regarding the sensitivity of LOH analysis on DNA
isolated from urine sediment, and presented by various authors

The number of
microsatellite markers
used for LOH analysis

Author

Test sensitivity

Mao et al. (1996) [22] 950% 13 markers
Sourvinos et al. (2001) [25] 93% 15 markers
Dal Canto et al. (2003) [23] 8200 13 markers

Shigyo et al. (1998) [26] 70% 5 markers
Littel et al. (2005) [24] 490 7 markers
Turyn et al. (2006) [14] 39% 12 markers
Utting et al. (2002) [15] 27% 6 markers

An analysis of LOH DNA isolated from urine sediment cells was
also performed within our studies. Its results were compared with
the results of LOH assessment, regarding DNA isolated from tumors,
collected from the same patients. The analysis allowed for identi-
fication of 81.8% of all the studied neoplastic tumors with 99.7%
specificity. That result is comparable with the data presented by Dal
Canto et al. [23]. However, much higher and much lower results can
also be found (see Table 3). Little et al. attempted in their studies
to increase the sensitivity of analysis of DNA, isolated from urine
sediment cells, by raising the LOH identification threshold [24]. At
first, they estimated the sensitivity of their studies at the level of
490%. They succeeded to increase its value up to 73%, however, at
the expense of specificity, which dropped from 89% to 630%.

Such extensive differences in the sensitivity of analysis of urine
sediment cells, as presented by various authors, may result from the
fact that the sediment is a mixture of many different cells. In addi-
tion to neoplastically-changed cells, there are also normal epithe-
lia, desquamated from the urinary tract and the bladder, as well as
leucocytes. It may contribute to a higher percent of false-negative
results.

CONCLUSIONS

The analysis of the loss of heterozygosity of DNA, isolated from
urine sediment cells, is probably a more reliable method than the
cytological study of urine; however, the sensitivity of the presented
test, which was obtained in the course of the reported study (81.8%
of tumors with informative results for studied markers), is not satis-
factory. The studies reported in this paper may then be approached
as pilot studies, testing a panel of 5 microsatellite markers. A se-
lection of a more appropriate set of markers may then be of key
importance to regard the analysis of microsatellite sequences as
a reliable, non-invasive method of neoplastic cell identification in
urine sediment.
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