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SUMMARY: Multifocality and recurrence are clinically important features of urothelial carcinomas of the urinary bladder. Recent
molecular genetic studies have suggested that multifocal urothelial carcinomas are monoclonally derived from an identical
transformed progenitor cell. However, most of these studies investigated advanced and poorly differentiated tumors. The study
presented focuses on early papillary tumors, including 52 superficial well-differentiated multifocal and recurrent bladder
carcinomas from 10 patients. Microdissection separating urothelium from stromal cells was considered essential to obtain pure
tumor cell populations. Genetic analysis was carried out by applying two different methods. Dual color fluorescence in situ
hybridization (FISH) with centromeric probes for chromosomes 9 and 17 and gene-specific probes for chromosome loci 9q22,
9p21, and 17p13 was carried out in parallel to loss of heterozygosity (LOH) analyses applying 5 microsatellite markers on these
chromosomes. Overall, deletions on chromosome 9p were found in 47 tumors (90%), at chromosome 9q in 36 tumors (69%) and
at chromosome 17p in 3 tumors (6%). There was a very high correlation of the results between FISH and LOH analysis. Ten early
superficial papillary tumors showed deletion of chromosome 9p without deletion of 9q, suggesting 9p deletions as a very early
event in the development of papillary urothelial carcinoma. Although in four patients, all investigated tumors showed identical
genetic alterations and one patient showed no genetic alterations at the loci investigated, in five patients, two or more clones with
different deletions were found. In four of these patients, the results are compatible with clonal divergence and selection of
different cell subpopulations derived from a common progenitor cell. However, in one patient different alleles in two markers at
chromosome 9 were deleted, favoring an independent evolution of two recurring tumor cell clones. In summary, we could show
that there is considerable genetic heterogeneity in early multifocal and recurring urothelial carcinoma and demonstrated the
occurrence of two independent clones in at least one patient as an indicator of possible initial oligoclonality of bladder cancer.
(Lab Invest 2000, 80:709–718).

O ne of the clinically most important features of
urothelial cancer of the bladder is the very high

frequency of synchronous and metachronous multifo-
cal occurrence. Furthermore, it is common for urothe-
lial carcinomas to be accompanied by surrounding
abnormal urothelium that ranges from dysplasia to
carcinoma in situ. An understanding of the underlying
mechanisms of the multifocality of urothelial carci-
noma is required to design appropriate strategies for
early detection and treatment.

Two hypotheses have been proposed to account for
the development of multiple tumors in bladder cancer
patients. One hypothesis proposes a “field change” in
which multiple cells become initiated or partially trans-

formed as a result of carcinogenic events and acquire
early genetic alterations. Multifocal tumors would sub-
sequently arise synchronously or metachronously as
result of further independent genetic alterations of the
different clones (Harris and Neal, 1992; Heney et al,
1978). The alternative hypothesis postulates a clonal
development of multifocal bladder cancer. According
to this “intraluminal seeding and implantation hypoth-
esis,” the progeny of one initial transformed cell is able
to spread via intraluminal dispersion or intraluminal
migration and gives rise to multifocal tumors (Soloway
et al, 1989).

Recent molecular genetic studies of multifocal
urothelial cancers have supported the seeding or
intraepithelial spread hypothesis. Sidransky et al,
(1992) studied X-chromosomal inactivation patterns in
female patients with multiple bladder tumors. Their
results provide evidence for the monoclonal origin of
bladder cancer, because every tumor of a given pa-
tient in this study was shown to have the same pattern
of X-chromosomal inactivation. A challenge to the
widely accepted concept of monoclonality in bladder
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cancer has been presented by Tsai et al (1995), who
reported that large patches of urothelium harbor the
same inactivated X-chromosome in bladders from
individuals without evidence of bladder cancer. These
results suggest that large urothelial areas arise from a
single precursor cell. Such a patch could be equally
exposed to carcinogens and independent malignant
clones could arise in this “field,” mimicking a mono-
clonal origin of multifocal tumors (Bender and Jones,
1998).

However, most of the molecular genetic studies (eg,
Goto et al, 1997; Habuchi et al, 1993; Petersen et al,
1993; Spruck et al, 1994; Xu et al, 1996) have focused
mainly on invasive and high-grade cancers. The de-
termination of identical genetic alterations in later
stages of tumor development could reflect monoclo-
nal occurrence of multiple tumors as well as dominant
overgrowth of the most malignant tumor cell clone, the
latter mimicking monoclonality. Furthermore, in the
majority of cases, only two or few tumors were inves-
tigated per patient.

Thus, in this study, we investigated the presence of
deletions at chromosome 9 and 17 in multiple simul-
taneous and consecutive superficial papillary carcino-
mas in different locations within the urinary bladder at
early tumor stages (52 non-muscle invasive tumors,
grade 1 and 2), using both fluorescence in situ hybrid-
ization (FISH) and microsatellite analysis. This study
provides the first evidence of different tumor cell
clones in early bladder tumors by the finding of
deletion of different alleles at chromosome 9, although
the majority of the investigated cases showed evi-
dence for monoclonality of multiple papillary superfi-
cial bladder tumors.

Results

Deletion Analysis by FISH and Microsatellite Analysis

Eighteen synchronous papillary bladder tumors and
34 recurrent tumors from 10 patients were investi-
gated. The clinical data, the localization of the tumor,
and the timepoints of recurrence are given in Table 1.

Table 2 shows the summary of FISH and microsat-
ellite analysis. There was good correlation between
both methods, with discordant results in only 4 tumors
(5P1, 5P2, 5RA1, 6RA1; see Table 2). There were
deletions at chromosome 9p21 in 47 tumors (90%), at
chromosome 9q in 36 tumors (69%), and at 17p13 in
3 tumors (6%). Only 1 of 10 patients revealed no
genetic alterations at the two investigated chromo-
somes in all tumors. The majority of tumors (31 of 52,
60%) showed a monosomy of chromosome 9. A
homozygous deletion (defined as more than 25% of
cells with homozygous deletion) was detected by
FISH solely at chromosome 9p21 (p16) in 16 tumors
(31%).

Despite accurate microdissection of the tumor re-
sulting in a tumor cell yield of at least 90%, a loss of
both alleles in the microsatellite analysis was found in
only 3 of the 16 cases with homozygous deletions. In
8 cases with a subpopulation of tumor cells with

heterozygous deletion in addition to the homozy-
gously deleted cells, LOH was detected, whereas both
alleles were amplified in the remaining 5 cases. This
was presumably due to amplification of both normal
alleles from few contaminating normal cells in the case
of a homozygous deletion in the tumor cells (Cairns et
al, 1995). There was no significant difference in ge-
netic alterations between low grade (G1) and interme-
diate grade (G2) tumors.

Distribution of Deletions Within the Patient Collective

Eleven early superficial papillary tumors showed dele-
tion of chromosome 9p without deletion of 9q22,
whereas none of the tumors had a deletion at chro-
mosome 9q without involvement of 9p, suggesting 9p
deletions as a very early event in the development of
papillary urothelial carcinoma in this population. In 9 of
these 11 patients the FISH results for chromosome
9q22 were confirmed using a different FISH probe on
chromosome 9q34. There was no deletion of 9q34 in
8 tumors whereas the third recurrent tumor in patient
8 (tumor RC, see Table 2) showed a deletion in 48% of
the cells when this probe was used.

In four patients all investigated tumors had identical
genetic alterations (Patients 1 to 4), and one patient
was found to have no genetic alterations at the inves-
tigated loci (Patient 10). However, in five patients two
or more clones with different deletions were identified
(patients 5 to 9, see Table 2). In four of these 5 cases
(Patients 5, 6, 8,and 9) the results are compatible with
clonal divergence and selection of different cell sub-
populations derived from a common progenitor cell.
Patient 5 had a primary bladder cancer with a p53
deletion and a recurrence after 5 months, whereas a
second primary tumor in this patient showed no evi-
dence for p53 deletion. Patient 6 had two primary
tumors with deletion at 9p21 as the only genetic
alteration, whereas the two recurrences 15 and 28
months after resection of the primary tumor accumu-
lated additional genetic alteration with deletion at
chromosome 9q in both and deletion of p53 in the first
of the recurrent tumors (Fig. 4). Patient 8 had a primary
bladder cancer without genetic alterations at the in-
vestigated loci and overall 13 recurrences with detec-
tion of two different clones that were found at several
timepoints of recurrence. In Patient 9, both in the
primary tumors and in one of two recurrent tumors
(after 4 months), a deletion at 9p21 was found,
whereas the second recurrent tumor had no deletion
at this locus. On the other hand, this tumor showed
the same microsatellite instability as the primary tu-
mor. In contrast to these cases, we provide evidence
that several tumor cell clones were coexistent in
Patient 7. Whereas in all other cases, a deletion of
identical alleles in the LOH analysis was found, in
Patient 7 different alleles in two markers at chromo-
some 9q were deleted, favoring an independent evo-
lution of two recurring tumor cell clones.
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Discussion
Understanding whether multifocal and recurring blad-
der cancer is a monoclonal disease arising from one
transformed cell or if multiple tumor cell clones exist
simultaneously in the urinary bladder of a patient with
urothelial carcinoma affects the development of early
tumor detection, prevention strategies, and also tumor
recurrency screening (Hruban et al, 1994; Mao et al,
1996; Steiner et al, 1997; Xu et al, 1996). The aim of
the latter studies is to characterize the genetic alter-
ation of a tumor cell clone and use this genetic
fingerprint for an early and efficient diagnosis of recur-

rent tumors. However, if there is genetic heterogeneity
in patients with multifocal urothelial carcinoma, it
would be unlikely that every developing new tumor
shares the same genetic alterations with the originally
evaluated primary tumor.

Most studies investigating the clonality of urothelial
carcinomas focused on high-grade invasive cancer
and investigated only two or three tumors in one
patient (Goto et al, 1997; Habuchi et al, 1992; Lunec et
al, 1992; Miyao et al, 1993; Rinaldi et al, 1995; Sidran-
sky et al, 1992). Little is known about the genetic
instability, heterogeneity, and clonality of low-grade

Table 1. Histopathological and Clinical Data of 10 Patients with Multifocal and/or Recurring Well-Differentiated
Superficial Papillary Urothelial Carcinomas

Case Age/Gender1

Primary tumor Recurring tumors

Tumor2 Localization3 Stage/Grade4 Tumor2 Time point5 Localization3 Stage/Grade4

1 70/m P1 B pTaG2 RA1 21 LLW pTaG2
P2 B pTaG2

2 73/m P1 T pTaG1 RA1 26 D pTaG2
RA2 26 B pTaG1
RA3 26 B pTaG1

3 56/m P1 B pTaG2 RA1 21 PW pTaG1
RB1 24 B pTaG1

4 72/m P1 LLW pTaG1 RA1 6 PW pTaG1
P2 RLW pTaG1 RA2 6 LLW pTaG1

RA3 6 LLW pTaG1
RA4 6 LLW pTaG1
RA5 6 B pTaG2
RA6 6 T pTaG2
RB1 14 T pTaG1
RB2 14 D pTaG1

5 74/m P1 LLW pTaG1 RA1 5 D pTaG2
P2 D pTaG2

6 66/m P1 B pTaG2 RA1 15 B pTaG1
P2 PW pTaG1 RB1 28 B pTaG2

7 72/m P1 PW pTaG1 RA1 17 PW pT1G2
P2 D pTaG1 RA1 17 D pT1G2
P3 D pTaG2

8 58/m P1 D pTaG2 RA1 4 RLW pTaG1
RA2 4 B pTaG2
RA3 4 T pTaG1
RA4 4 LLW pTaG1
RA5 4 T pTaG2
RA6 4 D pTaG2
RB1 8 PW pTaG2
RB2 8 PW pTaG2
RB3 8 B pTaG1
RB4 8 LLW pTaG2
RB5 8 RLW pTaG2
RB6 8 LLW pTaG1
RC1 12 LLW pTaG2

9 73/m P1 LLW PTaG1 RA1 4 LLW pTaG1
Ra2 4 D pTaG1

10 49/m P1 LLW pTaG1 RA1 20 MULT pT1G2
P2 RLW pTaG1

1 m, male; f, female.
2 P, Primary tumor (P1–P3 simultaneous tumors); RA, first recurrence (RA1–RA6 simultaneous tumors); RB, second recurrence; RC, third recurrence.
3 LLW, left lateral wall; RLW, right lateral wall; PW, posterior wall; AW, anterior wall; D, bladder dome; B, bladder base; T, trigonum; MULT, multiple papillary tumors

in the whole bladder.
4 According to the TNM classification.
5 Timepoint of recurrence in relation to the primary tumor in months.
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Table 2. Results of the Genetic Analysis of Multiple Superficial Low-Grade Tumors Using FISH and LOH Analysis

Case Tumor1 Ploidy2

FISH3 LOH analysis using microsatellite markers5

p15/16
9p21

FACC
9q22

p53
17p13

D9S304
9p21

D9S1751
9p21

D9S303
9q22

D9S747
9q32

p53Alu
17p13.1

Patients with multiple tumors with identical genetic alterations
1 P1 Di M M N n h N.I. n h N.I. h h

P2 Di M M N n h N.I. n h N.I. h h

RA1 Di M M N n h N.I. n h N.I. h h

2 P1 Di M/HD4 M N n h N.I. n h n h h h

RA1 Di M/HD M N n h N.I. n h n h h h

RA2 Di M/HD M N n h N.I. n h n h h h

RA3 Di M/HD M N n h N.I. n h n h h h

3 P1 Di M M N n h n h n h N.I. h h

RA1 Di M M N n h n h n h N.I. h h

RB1 Di M M N n h n h n h N.I. h h

4 P1 Di M M N N.I. n h n h n h N.I.
P2 Di M M N N.I. n h n h n h N.I.
RA1 Di M M N N.I. n h n h n h N.I.
RA2 Di M M N N.I. n h n h n h N.I.
RA3 Di M M N N.I. n h n h n h N.I.
RA4 Di N.A. M N N.I. n h n h n h N.I.
RA5 Di M M N N.I. n h n h n h N.I.
RA6 Di N.A. M N N.I. n h n h n h N.I.
RB1 Di M M N N.I. n h n h n h N.I.
RB2 Di M M N N.I. n h n h n h N.I.

Patients with multiple tumors with different genetic alterations
5 P1 An D D N n h n h N.A. h h h h

P2 An D D D n h n h h h h h n h

RA1 An D D D n h n h h h h h n h

6 P1 An D N* N n h n h h h MIN h h

P2 Di D N* N n h n h h h h h h h

RA1 An D D D n h n h n h n h h h

RB1 Di D D N n h n h n h n h h h

7 P1 Di HD M N N.I. n n n h n h h h

P2 Di HD M N N.I. n n n h n h h h

P3 Di M M N N.I. n h h n h n h h

RA1 Di M M N N.I. n h h n h n h h

RA2 Di N.A. M N.A. N.I. n h n h n h h h

8 P1 Di N N N h h h h N.A. h h h h

RA1 Di D N* N n h n h h h h h h h

RA2 Di D/HD4 N* N n h n h h h h h h h

RA3 Di HD M N h h h h n h h h h h

RA4 Di D N* N n h n h h h N.A. h h

RA5 Di D/HD4 N* N n h n h h h h h h h

RA6 Di HD M N n n n n n h n h h h

RB1 Di D N N n h n h h h N.A. h h

RB2 Di HD M N n n h h n h n h h h

RB3 Di HD M N n n n n n h n h h h

RB4 Di HD M N h h h h n h n h h h

RB5 Di HD M N n n n n n h n h h h

RB6 Di D/HD4 N* N n h n h N.A. h h h h

RC Di D/HD4 N** N n h n h n h n h h h

9 P1 Di D N* N n h N.I. MSI MSI MSI
P2 Di N N N h h MSI MSI MSI MSI
RA1 Di D N N n h N.I. h h N.I. h h

Patients with multiple tumors without genetic alterations
10 P1 Di N.A. N N.A. h h N.I. h h h h h h

P2 Di N N N h h N.I. h h h h h h

RA1 Di N N N h h N.I. h h h h h h
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superficial urothelial carcinoma, although these tu-
mors represent the vast majority of urothelial carcino-
mas (Messing and Catalona, 1997).

The aims of our study were (i) to investigate patients
with multiple (3 to 14) multifocal and recurrent super-
ficial low-grade papillary urothelial carcinomas, (ii) to
use accurate microdissection to obtain a population of
pure tumor cells, (iii) to investigate deletions on chro-
mosome 9p and 9q, regions known to be deleted very
early in the development of superficial papillary blad-
der cancer (Cairns et al, 1995; Miyao et al, 1993;
Ruppert et al, 1993; Sauter et al, 1995; Simoneau et al,
1996) in addition to deletions at 17p13(p53), and (iv) to
compare the deletion analysis using FISH with LOH
analysis after random preamplification using I-PEP-
PCR in the same tumor.

Identical genetic alterations were detected in 4 of 10
investigated patients. In contrast, genetic heterogene-
ity with existence of tumor cell clones with different
genetic alterations was found in 5 patients (5 to 9, see
shaded areas in Table 2). A number of interesting
points emerge from the analysis of these patients.

First, our analysis of early superficial tumors pro-
vides further evidence that in our investigated popu-
lation, deletions on chromosome 9p21/p16 seem to
precede the deletion on chromosome 9q (n 5 10, see
also Hartmann et al, 1999). The comparison of our
findings with other studies is summarized in Table 3. A
possible source for the differences described could be
the different markers and methods used in these
studies. Recently it was demonstrated that inactiva-
tion of multiple tumor suppressors on chromosome 9
may occur during bladder cancer development (Ha-
buchi et al, 1997; Simoneau et al, 1996, 1999). To
exclude the omission of small subchromosomal dele-
tions in this region, in 9 of these 11 patients FISH
analyses was confirmed using a gene-specific probe
on chromosome 9q34 (clone 168A7, Habuchi et al,
1997; the investigated tumors are marked * in Table 2).
Only in one of these 9 tumors (RC, Patient 8) with
normal 9q22 was a deletion of 9q34 found. Interest-
ingly, this was the only one of the 11 tumors where
discrepancies between FISH and microsatellite anal-
ysis with loss of one allele in both investigated micro-
satellite markers at chromosome 9q occurred. In all
other cases, the FISH results were validated by the
identical results in the microsatellite analyses with
retention of both alleles. In summary, we do not
assume to have underestimated the frequency of
deletions at 9q in our study. Larger sample numbers
including early neoplastic flat lesions, like dysplasias
and carcinomata in situ, need to be analyzed to clarify
which of the deletions on chromosome 9 occurs first
during tumorigenesis. The occurrence of several tu-
mors with intact chromosome 9 in our study using
different methods of detection of genetic alterations,
including the primary tumor of Patient 8 (see Table 2),
favors the hypothesis that deletions on different re-
gions of chromosome 9 are a frequent but not neces-
sary event in the development of papillary urothelial
carcinoma. The conflicting results in the order of
deletion at chromosome 9 could further be explained
by the fact that there is no strict order of accumulation
of genetic alterations in the multistep development of
urothelial carcinoma as described for colorectal can-
cer (Fearon and Vogelstein, 1990).

Second, the results are compatible with clonality in
the majority of patients. In 8 patients, there are either
identical genetic alterations in all investigated tumors,
or the heterogeneity of the tumors can be explained by

Table 3. Deletions of Chromosome 9 Detected with
Multicolor-FISH and LOH Analyses. The Percentage of
Deletions in all Investigated Samples and a Comparison
with Data from the Literature are Shown

Deletion

9q22
without
9p21

9p21
without
9q22

9p
and
9q

Results of own investigations1

Simple hyperplasia (n 5 14) 7 29 36
Papillary tumors (n 5 69) 0 16 70

Deletion

9q
without

9p

9p
without

9q

9p
and
9q

Other studies from the literature
Ruppert et al, 1993 (n 5 46) 4 9 41
Keen et al, 1994 (n 5 95) 9 5 37

Linnenbach et al, 1993 (n 5 18) 28 6 39
Simoneau et al, 1996 (n 5 69) 12 3 55
Shigyo et al, 1998 (n 5 34) 12 15 44
Baud et al, 1998 (n 5 44) 2 14 79
Simoneau et al, 1999 (n 5 139) 25 4 19

1 Data are combined from this study and Hartmann et al, 1999.

1 For clinical data of the tumors and time of recurrence see Table 1.
2 Di, diploid tumors; An, aneuploid tumors (more than 10% non-diploid cells in the centromere staining of both chromosome 9 and 17).
3 N, Normal, D, Hemizygous deletion (more than 40% of the nuclei with either monosomy, homozygous deletion or fewer gene signals than centromere signals);

M, Monosomy (more than 50% of the deleted cells are monosomic); HD, Homozygous deletion (more than 50% of the deleted cells show no gene specific signals
and one or two centromere signals); N.A., not available.

4 M/HD or D/HD (more than 25% of the nuclei with deletion show a homozygous deletion in addition to the dominant cell population with monosomy or hemizygous
deletion).

5 h h Retention of heterozygosity; n h Loss of heterozygosity; n h and h n Different alleles were lost in multiple tumor samples of one patient; n n

Homozygous deletion; no amplification of both alleles; MSI, Microsatellite instability; N.I., not informative; N.A., not available.
* Lack of deletion of chromosome 9q22 was confirmed by FISH using a different gene specific probe at chromosome 9q34 (clone 168A7).
** Using the additional gene specific probe on chromosome 9q34 (see above), a deletion of this chromosomal region could be demonstrated in 48% of all cells

by FISH.
Discordant genetic alterations in multiple tumors in one patient are shaded.
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clonal divergence and selection of different cell sub-
populations derived from a common progenitor cell.
These results are in agreement with the only other
study investigating multifocal and recurring superficial
papillary urothelial carcinomas, by Takahashi et al
(1998), which reported that multifocal tumors were
considered to be derived from a single progenitor cell
in 20 of 25 patients.

Third, “oligoclonality” of urothelial superficial papil-
lary carcinoma is shown in at least one patient (Patient
7, see Table 2) with two different tumor cell clones with
deletion of the opposite allele in both investigated
microsatellite markers on chromosome 9q. Consider-
ing, that chromosome 9 deletions are thought to be
the earliest event in the development of papillary
bladder cancer, this result provides strong evidence
for the development of two independent malignant
clones in this patient. Both clones could be found in a
recurrence 17 months after the resection of the pri-
mary tumor. In addition, one of these two clones
accumulated a homozygous deletion at 9p21,
whereas the other tumor showed only monosomy of
chromosome 9 without evidence for homozygous de-
letion. This is the first report showing the deletion of
different alleles at chromosome 9 in multifocal bladder
carcinoma, providing evidence for the development of
different tumor cell clones, ie, field cancerization.

In conclusion, our data of multifocal and recurrent
early papillary tumors show considerable tumor het-
erogeneity with the occurrence of clones with different
genetic alterations in more than 50% of the cases, and
at least one patient with genetic indicators of “oligo-
clonal” urothelial carcinogenesis, compatible with the
process of field cancerization. Investigation of the
whole tumor-bearing urinary bladder, as proposed by
Chaturverdi et al (1997) as “superimposed histologic
and genetic mapping,” using FISH, microsatellite anal-
yses, mutation analyses of specific genes like p53,
determination of X-chromosomal inactivation, and
gene expression analysis, should provide important
clues on the importance of both field cancerization
and intraepithelial/intraluminal spread in human
urothelium.

Materials and Methods

Patient Material and Histopathological Diagnosis

Fifty-two topologically distinct urothelial tumors from
10 patients with at least 3 bladder cancers per patient
were included in this study. Cystoscopy was per-
formed after intravesical instillation of 5-ALA in pa-
tients participating in a clinical trial evaluating the
photodynamic diagnosis of bladder cancer (Kriegmair
et al, 1996). All patients gave written informed consent
for the study. Biopsies were obtained from fluorescent
lesions, immediately snap frozen in the operating
room, and shipped on dry ice. Histologic diagnosis
was established on serial frozen sections stained with
hematoxylin-eosin (H&E). Staging was performed ac-
cording to International Union Against Cancer (UICC)
(Sobin and Wittekind, 1997) and grading according to

World Health Organization (Murphy et al, 1994). Ten
patients with 52 superficial urothelial carcinomas (28
pTaG1-, 23 pTaG2-, and 1 pT1G2-tumors) were se-
lected for genetic analyses (Table 1). Recurrent tumors
were only included in the study if there was a minimum
of 4 months between cystoscopies.

Microdissection, Cell Dissociation, and DNA Isolation

From each frozen sample a 4-mm frozen section was
stained with H&E and the presence of tumor was
confirmed. Two consecutive 20-mm sections (for FISH
analyses) and six 5-mm sections (for PCR analyses)
were stained with methylene blue for approximately 15
seconds. The tumor was separated from stromal cells
by microdissection with a needle (22G) under an
inverted microscope (340 magnification) or using la-
ser microdissection (PALM; Wolfrathshausen, Ger-
many; Schütze and Lahr, 1998). The microdissected
probes contained at least 90% urothelial cells (Fig. 1,
a and b). Cell dissociation was performed as de-
scribed previously (Hartmann et al, 1999). The cells
were pelleted on silanized glass slides by standard
microcentrifugation, fixed in freshly prepared metha-
nol/acetic acid (3:1), air dried, and stored at 220° C for
up to 3 months. For PCR analysis, the microdissected
tissue samples were digested in 10 to 30 ml Expand
Lysis buffer (13 Expand HiFi buffer; Boehringer Mann-
heim, Mannheim, Germany) including 4 mg/ml Pro-
teinase K and 0.5% Tween 20 (Merck, Darmstadt,
Germany) at 55° C for 14 hours, followed by heat
inactivation of Proteinase K for 15 minutes at 94° C.
Normal DNA was isolated from 7.5 ml EDTA blood
using the Qiagen DNA blood isolation kit (Quiagen,
Hilden, Germany).

DNA Probes and Probe Labeling

For counts of chromosomes 9 and 17, biotin-labeled
centromeric probes (D9Z1 and D17Z1; Oncor, Gaith-
ersburg, Maryland) were used. These probes were
combined with P1 probes (Shepherd et al, 1994),
obtained from the LBNL/UCSF Resource for Molecu-
lar Cytogenetics (http://rmc-www.lbl.gov). These
probes have a length of approximately 60 to 80 kB and
are cloned in pAd10SacBII. The following probes were
used: RMC09P007 for chromosome 9p21 (CDKI2/p16
locus), RMC09P008 for chromosome 9q22 (FACC
locus), and RMC17P078 for chromosome 17p13 (p53
gene locus). Furthermore, a cosmid probe from chro-
mosome 9q34.2, kindly provided by M. Knowles (Mo-
lecular Genetics Laboratory, Marie Curie Research
Institute, Surrey, United Kingdom; clone 168A7, Ha-
buchi et al, 1998), was used to confirm the FISH
results obtained for 9q in a subset of samples with
deletion of 9p21 and normal results for 9q22. DNA was
isolated using alkaline lysis (Lee and Rasheed, 1990)
and labeled with digoxigenin-11-dUTP using standard
nick translation protocols (Boehringer Mannheim).
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Fluorescence In Situ Hybridization

FISH was performed as described (Hartmann et al,
1999). Metaphase spreads were used as controls to
assure specificity of the probes. Furthermore, for
every hybridization, cytospins of cultured urothelial
cells (Urotsa) without any alterations at the investi-
gated gene loci were included to assure an estimation
of hybridization efficiency (Fig. 2a).

Scoring of FISH Signals

Cells were selected for scoring with DAPI staining
according to morphological criteria. Clearly distin-
guishable small lymphocytes were disregarded, all
other cells were scored. Slides were analyzed if more
than 75% of cells were interpretable. Copy numbers
for centromeres and specific gene regions were
counted in 200 cells if possible (minimum 80 cells).

Figure 1.
Well-differentiated papillary urothelial carcinoma before (1a) and after (1b) microdissection (20 mm frozen section, methylene blue staining, original magnification,
340). Stromal cells and infiltrating inflammatory cells are removed to obtain a population of at least 90% tumor cells.

Figure 2.
Fluorescence in situ hybridization (FISH) using a centromeric probe for chromosome 9 and a gene-specific probe for 9p21 (p16) in urothelial cells from the Urotsa
cell line (2a) and the papillary urothelial carcinoma shown above (2b; Patient 9; tumor P1). Whereas in control hybridizations with Urotsa cells two red centromere
and two green gene-specific signals are visible in the majority of cells (2a), a deletion of 9p21 with two red centromeric signals and only one green gene-specific
signal is seen in the tumor (2b). FISH with both probes for chromosome 9q showed normal results in this tumor.

Figure 3.
FISH using a centromeric probe for chromosome 9 and gene-specific probes for chromosome 9q22 (3a) and 9p21 (3b) in a papillary urothelial carcinoma (Patient
8, tumor RB2). FISH with the probe for chromosome 9q22 shows monosomy with one signal for both centromere and gene-specific probes (3a), whereas FISH with
the probe for 9p21 reveals a homozygous deletion with one centomeric red signal and lack of gene-specific green signals in the majority of cells (3b). Note few cells
with monosomy and retention of one copy of 9p21, indicating tumor heterogeneity.
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Only cells with non-overlapping and intact nuclei were
counted. Cells without any signal were disregarded.
Slides were counted by one of the investigators (UR)
and every fifth slide was confirmed by a second
observer. For these cases the mean of both counts
was used. As a measure of deletion, the percentage of
cells containing either one copy of centromere 9 or 17
or fewer gene-specific signals than centromeric sig-
nals was calculated for each hybridization (defined as
percentage of deletion). The average percentage of
deletion of 10 hybridizations of a normal urothelial cell
line (Urotsa) and 6 hybridizations of dissociated nor-
mal urothelium from patients without bladder cancer
was less then 15 6 5% for every probe. Because there
was no normal tissue available from patients treated in
exactly the same manner as those investigated, a
tumor was considered deleted for a specific chromo-
somal locus if the percentage of deletion was .40%
(equivalent 23 mean 6 SD) as a conservative evalua-
tion of the results. Monosomy and homozygous dele-
tion were defined as more then 50% of all deleted
cells having either of these two alterations (eg, Fig. 3,
a and b).

Whole Genome Amplification by I-PEP-PCR and
Microsatellite Analysis

Improved primer-extension-preamplification PCR (I-
PEP) was performed using a MJR PTC200 thermocy-
cler (Biozym, Oldenburg, Germany) as described pre-
viously (Dietmaier et al, 1999). In brief, after Proteinase
K digestion 50 amplification cycles were performed,
each consisting of a 1-minute step at 94° C, a
2-minute step at 37° C, a ramping step of 0.1° C/
second to 55° C, a 4-minute step at 55° C, and a
30-second step at 68° C. I-PEP-PCR was set up by
adding 50 ml I-PEP mix (final concentration 0.05 mg/ml
gelatin, 16 mmol/L totally degenerate 15 nucleotide
long primer; MWG Biotech GmbH, Ebersberg, Ger-
many; 0.1 mmol/L dNTP, 3.6U Expand High fidelity
polymerase, Boehringer, Mannheim, Germany; 2.5
mmol/L MgCl2, in 13 PCR buffer No 0.3, provided
with the polymerase) to 10 ml lysed tissue.

Specific microsatellite PCR (0.2 mmol/L dNTP, 0.3
mmol/L primers, 0.5 U Taq polymerase, Life Technol-
ogies, 1.5 mmol/L MgCl2) was performed using 2 ml of
the preamplified PCR as template in a final volume of
20 ml or 30 ml, respectively, in a PTC100 thermocycler
(MJ Research, Watertown, Maryland) for 35 cycles:
94° C for 1 minute, 50 to 60° C for 1 minute, 72° C for
1 minute, followed by a final extension at 72° C for 8
minutes. Amplified microsatellites were detected by
polyacrylamid gel electrophoresis and silver staining
as described (Schlegel et al, 1995). The silver-stained
gels were assessed visually, and informative cases
were scored as allelic loss when intensity of the signal
for a tumor allele was decreased to 50% relative to the
matched normal allele. Microsatellite instability was
defined as the occurrence of additional alleles in the
tumor tissue compared with the normal DNA. All cases
of allelic loss (LOH) and microsatellite instability were
confirmed at least once. Twenty microsatellites with

evident or questionable allelic loss were selected and
reinvestigated using capillary electrophoreses on an
ABI301 automatic sequencer and Genescan software as
described (Canzian et al, 1996). In all cases the results
confirmed the results of the silver-stained gels (data not
shown). Primers were obtained from MWG Biotech
GmbH. Primer sequences and annealing temperatures
were as follows: p53Alu (17p13.1.): 59AGGAGGTTG-
CAGTAAGCGGA39 and at 60° C 59AACAGCTCCTTTA-
ATGGCAG39 (Futreal et al, 1991), D9S304 (9p21): 59GT-
GCACCTCTACACCCAGAC39 and at 60° C 59TG-
TGCCCACACACATCTATC39, D9S1751 (Pky11, 9p21):
59TTGTTGATTCTGCCTTCAAAGTCTTTTAAC39 and at
55° C: 59CGTTAAGTCCTCTATTACACAGAG39 (Cairns
et al, 1995), D9S303 (9q22) at 55° C 59CAACAAAGCAA-
GATCCCTTC39 59GGTACTTGGAAACTCTTGGC39,
D9S747 (9q32) at 56° C 59GCCATTATTGACTCTGGAAAA-
GAC39 59CAGGCTCTCAAAATATGAACAAAAT39.

Figure 4.
Silver-stained gels of microsatellite analysis of Patient 6 (see Tables 1 and 2).
All five microsatellites for the normal DNA derived from the germline (N), two
simultaneous primary tumors (P1, P2), and two recurrences 15 months (RA1)
and 28 months (RB2) after the resection of the primary tumors are depicted.
All tumors show retention of heterozygosity for 17p13.1 (p53Alu) and loss of
the identical allele at both markers on chromosome 9p (D9S304 and
D9S1751). On the other hand, there is retention of both alleles at the markers
on chromosome 9q (D9S303 and D9S747) in both primary tumors, whereas
both recurrent tumors show loss of the identical allele. These results are in
complete concordance with the results obtained by FISH for these tumors. In
addition, there is a reproducible microsatellite allele shift in tumor P1 at
D9S747 that was not found in the other tumors of this patient. The results are
compatible with a clonal origin with deletion of 9p and gain of an additional
deletion of 9q in the recurrent tumors.
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