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ABSTRACT

Forty transitional cell carcinomas of the human urinary bladder (TCCs)
were examined for numerical aberrations of chromosomes 1, 7, 9, and 11
by in situ hybridization using chromosome-specific probes. Our inter-
phase cytogenetic study of 24 low-grade, noninvasive TCCs, which were
near-diploid by flow cytometry, showed a numerical aberration for at

least I of these chromosomes in 14 of these cases. Most strikingly, a
monosomy for chromosome 9 was found in 9 of 24 low-grade TCCs. A

trisomy for chromosomes 1, 7, and 11 was detected in 5, 2, and 1 case(s),
respectively. In 1 case a monosomy for chromosome 1 was detected by
in situ hybridization. Monosomy for chromosome 9 was the only detected
numerical change in 5 low-grade TCC cases. Examination of 16 invasive
TCCs showed extra copies for chromosomes 1 and 7 in 7 flow cytometr-

ically diploid cases with numerical chromosome aberrations; also, loss of
chromosome 9 was detected. In 5 invasive and 2 noninvasive aneuploid/
tetraploid TCCs a profound imbalance between the different chromo
somes was found. In 5 of these cases an evident underrepresentation of
chromosome 9 in comparison to chromosomes 1, 7, and 11 was detected.
This underrepresentation of chromosome 9 in diploid, as well as aneu
ploid, TCCs, and in some cases the constant ratio between this chromo
some and the other chromosomes, may be explained by a process of
tetraploidization. Therefore, loss of chromosome 9 may be one of the
primary genetic events in TCC oncogenesis, with secondary events, such
as tetraploidization, correlated to tumor progression. Our results show
that in situ hybridization can be routinely used to study important
cytogenetic changes which occur during the development of a malignant
disease.

INTRODUCTION

The cellular DNA content of certain malignancies is regarded
as a prognostic parameter. Therefore, the FCM analysis became
a rapid and objective screening method for the DNA content
of malignant tumor cells (1-3). However, no small variations
in DNA content can be detected. Karyotyping of solid tumors
is a more precise approach and detects numerical and/or struc
tural chromosomal defects (4). However, when tumor cells are
cultured to obtain more and better metaphases rather than
using direct analysis, a potential danger of loss of genetic
material and selection of certain fast growing subpopulations is
present.

In situ hybridization using specific probes and nonisotopic
detection procedures allows the detection of numerical (5-12)
and structural chromosome aberrations in nonmitotic cells (13-
16). This method of interphase cytogenetics has already been
applied to several types of malignancies (7-11). In earlier
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studies we demonstrated that this approach enables a routine
screening of large tumor cell populations in, for example,
TCCs4 (5, 10). Furthermore, ISH enables the detection of minor

cell populations or imbalance in chromosome copy number
within one tumor.

By means of conventional karyotyping nonrandom chromo
some aberrations involving chromosomes 1, 7, 9, and 11 have
been detected in bladder cancer. Table 1 summarizes the chro
mosomal aberrations in TCCs with a modal chromosome num
ber of 2 n described in the literature thus far (17-25). Of 52
described cases, 32 tumors showed affected chromosomes 1, 7,
9, or 11. Monosomy for chromosome 9 was observed in 15
cases, in which this aberration was the only karyotypic change
observed in about 40% of these tumors. In the noninvasive
cancers, monosomy 9 was detected in 6 of 12 cases. With
progression of the disease numerical and structural abnormali
ties of chromosomes 1, 7, and 11 have been suggested to occur
in higher numbers of tumors. Furthermore, allelic loss on
chromosomes 9, 11, and 17 has been found recently in high-
stage, high-grade TCCs by screening of loci on these chromo

somes by restriction fragment length polymorphism analysis
(26,27).

For the underlying study we used probes that recognize highly-

repetitive sequences in the centromeric regions of chromosomes
1,7,9, and 11 (28-31 ). The number of ISH signals, which was
found to be constant during the entire cell cycle, in the inter-
phase nucleus and in the condensed chromosomes indicates the
chromosome copy number independent from the cell cycle stage
(5, 6, 10). Although the DNA probes used in these experiments
detect highly repetitive genomic sequences and their target
covers only a limited part of the chromosome, their applicability
is best demonstrated by comparing cytogenetic and flow cyto-
metric data.

Screening of 40 noninvasive and invasive TCCs by in situ
hybridization with these chromosome probes is of particular
interest in view of the following questions: (a) Can ISH screen
ing of TCCs be applied to the detection of numerical chromo
some aberrations described by karyotyping in literature? (b)
Can the recent findings of loss of chromosome 9q (26) in high-
stage, high-grade tumors be confirmed by the use of a chro
mosome 9 repetitive centromeric probe? and (c) Is tetraploidi
zation a crucial step in genetic progression of solid tumors, in
which random as well as nonrandom loss of chromosomes
could lead to selection and growth of cells to aneuploid or
heteroploid cells (32-36)?

'The abbreviations used are: TCC. transitional cell carcinoma of the human

urinary bladder; ISH, in situ hybridization; FCM, flow cytometry; DI. DNA
index; PBS, phosphate-buffered saline; SSC, standard sodium citrate; FITC,
fluorescein isothiocyanate; RFLP, restriction fragment length polymorphism;
TRITC. rhodanin isothiocyanate.
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Table 1 Summary of results described in the literature with respect to chromosome I, 7, 9, and 11 aberrations in handed near-diploid transitional cell carcinomas of
the urinary bladder

Author(s)GibasÂ«

al.(18)Atkin

and Baker(19)Gibas

Ã©tal.(20)Sandberg

Ã©tal.(21)Berger
et al.(22)Sandberg

(23)Baba
et al.(24)Smeets

et al.(25)Vanni

et al. (26)Ail

tumors"65416587luCase25723456121135679234568367132\23GradeG

ft
2Gjc;2G,G,G,G2G,G,-G2G3G2NGNGNGNGG2G2G2G,G2G2Ci;G3<;2G,G,Ci,G2G2G2G,StageT.T,T.T2T,T,T,T2T,T3T.NGNGNGNGT./T,T./T.T./T,Tu/T,T.T.T.T.T,T,T,T.T.T.T.T,Modal

chromosome
no. orrange45474542-4544-4546464645424746464745-48464646-504746454746444245/4639-424941-454745Aberrations

involving
chromosomes I,

7, 9. and 11-9.
-11-7.
-9-9lp-llp-llq+.

-9i(lq),
llp-.-9t(X;l),

llqder(l)+7+7-9,

Â¡<9q)-9+7Examples,

+7.-9Deletion
7q, 9q,llpDuplication

IqDeletion
11p.duplication

Iq+79q--99q++

IP-+
lp-, -9.llp+-7,

-9,(t7:9)-9/del(9)(ql2)-9-I,del(l)(q21),

-9-9+79p-,

llp-
' Number of patients examined with a near-diploid chromosome number.
*G. grade: T, tumor: NG. not given.

MATERIALS AND METHODS

Samples. Forthy fresh TCC specimens (clinical and ISH data sum
marized in Tables 2 and 4) were obtained immediately after transure-
thral resection. PCM and direct karyotyping was performed as de
scribed previously (24, 37). The DNA content is expressed as the DI.
The TCCs were qualified FCM (near)-diploid (Dl = 0.9-1.1), FCM
aneuploid (DI = 1.2-1.7, >2.2), and FCM tetraploid (DI = 1.8-2.2).

Tumor Cell Processing for in Situ Hybridization. Preparation of slides
from the cell suspensions, as well as steps necessary for removal of
cytoplasm to improve DNA probe and antibody penetration, was per
formed as previously described (10, 38). Briefly, 5 Â¿/Iof a TCC cell
suspension was dropped onto poly-/-lysine-coated glass slides, air dried,
and heated at 80Â°Cfor 60 min. Thereafter digestion with pepsin from

porcine stomach mucosa (2500-3500 units/mg protein; Sigma Chem
ical Co., St. Louis, MO) was done at a concentration (optimized) of
100 fig/ml in 0.01 M HC1 for 20 min at 37Â°C.After subsequent dip

washes in H2O (5 times) and PBS (5 times) and fixation in 1%
paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, for 20 min at
4Â°C,the slides were again dip washed in PBS (5 times) and once in 2x

SSC (0.3 M NaCl and 30 mM sodium citrate), pH 7.0. Preparations
were preequilibrated in 60% formamide and 2x SSC (5 min) and
washed prior to ISH with 2x SSC.

DNA Probes and Nonradioactive Labeling. The repetitive DNA
probes (39) for chromosomes 1, 7, 9, and 11 have been described by
Cooke and Hindley (28), Waye et al. (29), Moyzis et al. (30), and Waye
et al. (31), respectively. Probes were labeled by nick-translation using
Bio-11-dUTP (Bethesda Research Laboratories) (40) for single-target
in situ hybridization and for double-target in situ hybridization labeled
by random primer extension using digoxigenin-labeled dUTP, accord
ing to the instructions of the supplier (Boehringer, Mannheim, Federal
Republic of Germany).

ISH. The DNA probes described above were hybridized (in single-
and double-target ISH) at a concentration of l Â¿igmodified probe/ml
hybridization mixture containing 60% formamide-2x SSC, pH 7.0-

10% dextran sulfate-1 Mg/M'salmon sperm DNA as carrier DNA. Under
these stringent conditions, hybridization to minor binding sites was
avoided. Hybridization mixture, 5 /il, was added to the slides under a
coverslip (18 x 18 mm) and denaturated on the bottom of a metal box
in a water bath at 70Â°Cfor 3 min. Hybridization was performed
overnight at 37Â°C.Posthybridization washings were done twice in 60%
formamide-2x SSC at 42Â°Cfor 5 min and twice in PBS containing

0.05% Tween-20 at room temperature. Single-target ISH reactions
were performed using biotinylated probes, immunocytochemically proc
essed using FITC-conjugated avidin, and. if necessary, immunologically
amplified using biotin-labeled goat anti-avidin followed by a second
layer of FITC-conjugated avidin. Double-target ISH using biotin-la
beled and digoxigenin-labeled probes were hybridized simultaneously
and immunochemically processed using monoclonal anti-digoxin
(Sigma) in PBS-4% normal rabbit serum, followed by incubation of
FITC-conjugated avidin and TRITC-conjugated rabbit anti-mouse an
tibodies in 4x SSC-4% nonfat dry milk-0.05% Tween-20.

Evaluation of in Situ Hybridization Signals. Evaluation of the prepa
rations was performed by counting 200 nuclei/slide. ISH spots were
counted according to criteria; ISH signals (e.g., paired spots, differences
in signal intensities) were interpreted as previously described (5, 8, 10,
38). With respect to the interpretation and statistical analysis of the
ISH preparations, it must be stated that in all samples nuclei not
reacting with the DNA probes were seen; also, cells with three and four
spots were detected infrequently. An average of <3% of the nuclei were
completely negative, while as a normal appearance of monosomy,
triploidy, and tetraploidy between all probes no significant difference
was detected. The average percentages for the chromosome 1, 7, 9, and
11 probes for one spot, three spots, and four spots/nucleus were 3.6 Â±
2.0 (SD). 4.5 Â±2.5, and 3.9 Â±3.1%, respectively. The indicated
aberrations in Table 2 differ at least 5 SD.

RESULTS

Specificity and Success Rate

The specificity of detection of individual chromosomes is
mainly determined by the stringency conditions under which
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the DNA probes are hybridized (5-8). We used a high percent
age formamide (60%) in the hybridization and washing buffers
for all four chromosome probes to avoid interaction with minor
binding sites. The success rate of ISH using chromosome-

specific DNA probes in interphase nuclei is mainly dictated by
the treatments prior to ISH. Pepsin treatment, which removes
a large part of the nuclear proteins (both histones and non-
histone proteins), will result in 90-98% Ã©valuablecases and in
a low percentage of false-negative chromosome aneuploidy
detections.

Noninvasive TCCs

Table 2 summarizes the ISH results for 26 noninvasive TCCs
(Ta) of which 24 were FCM diploid and 2 FCM tetraploid. The
10 specimens (DI = 1.0) which could be karyotyped had a
modal chromosome number of 2 n. All 24 TCCs, which showed
a single DNA peak in flow cytometry, contained main cell
populations with two ISH signals for each of the individual
chromosomal probes. This cell fraction partly represents the
normal stromal and/or inflammatory cells with no expected
numerical chromosome aberrations.

FCM Diploid Noninvasive TCCs. Evident clonal abnormali
ties for chromosomes 1, 7, 9, and 11 were detected in 14 of the
24 diploid, noninvasive TCC cases (Figs. 1 and 2). In 9 cases,
1 ISH spot for chromosome 9 was missing. In all of these cases
the percentage of cells with a numerical aberration for chro
mosome 9 exceeded 20%. The percentages of cells with a
monosomy and trisomy as detected in the 14 TCCs which
showed evident numerical chromosome aberrations are sum
marized in Table 3. In these 5 cases with a trisomy for chro
mosome 1 the chromosome aneuploid population ranged be
tween 30 and 79%. Fig. 1, a and b, shows a typical example of
such a trisomy for chromosome 1. The cell population in the

Table 2 Summary of DNA contenÃ,histopathological grade, clinical stage, modal
chromosome number, and numerical chromosome aberrations as detected by ISH

using chromosome I, 7, 9, and 11 specific probes of 26 noninvasive TCCs

DNACase
indexFCM

diploidTCCs123456789101112131415161718192021222324.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0GradeG2Â«G,G2G2G,G,G2G,G2G,GjG:G,G,G,G,G,G2G,G2G2G,G,G2StageT.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.Modal

Major abnormalics,
chromo- involving

some chromosomes 1,
no. 7, 9, and 114446464647NENENENENENE46NE46NENENENE46NENE4645NE+

1, â€”9,(tetraploidization)+
1+

1 (9 and 11ND)+
1-9,
(tetraploidization)None

(9 and 11ND)NoneNoneâ€”9,

(tetraploidization)None-9NoneNoneNone+7,

-9,+11-9-9-9NoneNone-1+7,

-9None+

1FCM
tetraploid/aneuploidTCCs25

1.826
2.1G2G,T.T.78NE+

1, + 1.+7, +7, -9, -9,-11+
1, +7, +7. (11 ND)

" G, grade; T, tumor; NE. not Ã©valuable;ND, not done as a result of insufficient

\mount of specimen.

two cases of a trisomy for chromosome 7 exceeded even 70%,
showing a rather homogeneous tumor cell population. The
percentage of cells with a monosomy for chromosome 9 ranged
between 20 and 95% with 5 of the 9 cases exceeding 65% of
the cells. A typical example of a monosomy for chromosome 9
with this aberration is shown in Fig. 1, c and d.

In 11 of the 24 noninvasive FCM diploid cases, 1 chromo
some aberration was found; in 2 cases, 2 of the 4 chromosomes
showed numerical changes; in 1 case, 3 chromosomes were
aberrant. Double-target ISH demonstrated the relation between
numerical differences of the chromosomes. Such a typical im
balance between chromosome copy numbers in a major cell
population is illustrated in Fig. 2, where in nearly all cells a
trisomy for chromosome 7 and a monosomy for chromosome
9 were detected.

In Fig. 3, a-c, results of a double-target ISH of case 15 are
shown indicating that this TCC contains three copies for chro
mosome 11 and a monosomy for chromosome 9 with a minor
binding site.

FCM Tetraploid Noninvasive TCCs. Screening of these two
tetraploid, noninvasive TCCs showed a large heterogeneity
between the chromosome copy numbers as detected by ISH. In
TCC case 25 for chromosome 9, only 1 cell population which
contained 2 ISH signals was detected (83%), while for chro
mosome 1 and chromosome 7 populations, 3 (10%) and 4
(60%) ISH signals were detected. For chromosome 11 a trisomy
in 68% of the cells was detected. In case 26 next to a cell
population containing 2 ISH signals for the chromosome 1, 7,
and 9 probes, cell populations were seen which contained 3 and
4 copies for chromosomes 1 and 7, respectively.

Minor Cell Populations with Numerical Chromosome Aber
rations within Noninvasive TCCs. Next to the major tumor cell
populations, described above, containing the main numerical
chromosome aberrations, all TCCs contained minor fractions
of cells (in 21 of 24 <6%) with higher ISH spot numbers. In 3
cases (cases 1, 5, and 9), however, next to the major tumor cell
population a considerable fraction of cells, exceeding 7% but
<15%, showed apparent tetraploidization. For example, al
though in case 1 the major fraction of cells contained 3 copies
for chromosome 1, minor fractions with copy numbers for
chromosomes 1 (>3), 7 (>2), and, 11 (>2) represented 19, 14,
and 13% of the total cell population, respectively. An example
of a cell with hexasomy for chromosome 1 is depicted in Fig.
1, a and b (arrows). In this case chromosome 9 copy numbers,
exceeding 2, were detected in only 4% of the total tumor cell
population. In case 9 these "minor" fractions were 14, 13, 2,

and 11 for chromosomes 1, 7, 9, and 11, respectively. In these
cases double-target ISH, in which chromosomes 1 and 9 were
detected simultaneously, showed that cells with an increased
copy number for chromosome 1 contained lower copy numbers
for chromosome 9.

If we detect in TCC case 9 the ratio of the chromosome copy
number for chromosome 1 and 9, both in cells with 2 copies
for 1, as well as cells with 4 copies for 1, the ratio was constant
since the copy numbers for chromosome 9 were 1 and 2,
respectively. In Fig. 3, d-f, we show such an example of dou
bling of the chromosome copy numbers. One cell contained 2
copies for chromosome 1 and 1 copy for chromosome 9, while
in the other cell 4 copies for chromosome 1 and 2 copies for
chromosome 9 were detected. Small specific hybridization sites
in the interphase nuclei are also doubled (Fig. 3f, arrows). The
higher chromosome copy number as has been detected in these
minor fractions are indicated as tetraploidization in Table 2.
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INTERPHASE CYTOGENETICS IN BLADDER CANCER

Fig. I. Single-target in situ hybridization
on isolated bladder tumor cells isolated from
a flow cytometrically determined diploid TCC
with a biotinylated repetitive probe for chro
mosome 1 (a and b) and chromosome 9 (c and
</). Hybridized probes are visualized with
FITC-conjugated avidin. a and c, DNA coun-
terstaining with DAPI. * and d, FITC-ISH
signals; arrow, cell with tetraploidization.

Table 3 Summary of detected numerical chromosome aberrations in 24
noninvasive, FCM diploid TCCs

Chromosome17911Aberration5

trisomies1
monosomy2
trisomies9
monosomies1

trisomy%

of cells
or range of%30-795772-8620-9538Mean587960

Especially in these cases were numerical chromosome aberra
tions were detected this tetraploidization was clear since the
ratio between chromosome copy numbers was constant.

Invasive TCCs

The invasive TCCs (Ti-T3) could be subdivided in two groups
on the basis of their DNA index as determined by flow cytom-
etry. Table 4 summarizes the ISH results for 14 invasive TCCs
of which 9 were FCM diploid and 5 FCM tetraploid/aneuploid.
It shows the main results of ISH reactions, summarizing only
the different aberrant cell populations which exceed 15% of the
total tumor cell population. All 9 diploid TCCs contained a
significant cell population with 2 ISH signals for each of the

individual chromosomal probes, which partly represents the
normal stromal and/or inflammatory cells with no expected
numerical chromosome aberrations.

FCM Diploid, Invasive TCCs. In 7 of the 9 diploid, invasive
TCCs chromosome abnormalities were detected. For chromo
some 1 in 5 cases and for chromosome 7 in 3 cases (1 case with
chromosome 1 included also) cell populations with 4 and/or 3
ISH signals/cell were seen. In 2 cases a population with 1 ISH
spot for chromosome 9 was detected. Minor cell populations
with tetraploidization were detected in 3 of the 9 invasive TCCs.

FCM Tetraploid/Aneuploid Invasive TCCs. Five TCCs with a
tetraploid/aneuploid DNA index were hybridized with the dif
ferent probes. Evaluation of ISH signals showed a large chro
mosome heterogeneity within these aneuploid TCCs, both in
range of chromosome numbers in tumors with the same DNA
index as well as between different chromosomes within one and
the same tumor. It can be seen that in these aneuploid TCCs
the chromosome copy number ranged from 1 to 6. As detected
in the aneuploid TCC, case 36, the 4 copies for chromosomes
1 and 7 were detected (49 and 48%. respectively), indicating
tetrasomy for both chromosomes, next to a fraction of cells
with disomy for the same chromosomes. For chromosome 11
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INTERPHASE CYTOGENETICS IN BLADDER CANCER

Fig. 2. Double-target in situ hybridization on isolated bladder tumor cells isolated from a flow cytometrically determined diploid TCC with a biotinylated repetitive
chromosome 7 probe (ft) and a digoxigenin-labeled repetitive chromosome 9 probe (c). The biotinylated probe after hybridization is visualized with FITC-conjugated
avidin and the digoxigenin-labeled probe with monoclonal anti-digoxin and TRITC-conjugatcd rabbit anti-mouse antibodies, a, DNA counterstaining with DAPI; ft,
FITC-ISH signals; r, TR1TC-ISH signals.

Fig. 3. Double-target in situ hybridization on isolated bladder tumor cells
isolated from a flow cytometrically determined diploid TCC with a biotinylated
repetitive chromosome 7 probe (ft) and a digoxigenin-labeled repetitive chromo
some 9 probe (c). The biotinylated probes after hybridization are visualized with
FITC-conjugated avidin and the digoxigenin-labeled probes with monoclonal
anti-digoxin and TRITC-conjugated rabbit anti-mouse antibodies. <â€¢.ISH with a
biotinylated repetitive chromosome 1 probe; f, ISH with a digoxigcnin-labeled
repetitive chromosome 9 probe; a and d, DNA counterstaining with DAPI; h and
e, FITC-ISH signals; c and/ TRITC-ISH signals; arrows, small specific binding
site of chromosome 9 probe.

a trisomy was detected in 48% of the cells, for chromosome 9
a disomy was seen in 92% of the cells, and in the remaining
8% chromosome aneuploidy was found. Examination of the
other TCCs showed that the chromosome 9 copy number was
frequently underrepresented as compared to the other chro
mosomes. In 2 cases a disomy for chromosome 9 was seen,

while a tetrasomy was detected for at least 1 of the other
chromosomes. The percentage of disomy for chromosome 9
(58%) corresponded roughly to the percentage of aneuploidy as
detected for the other chromosomes (72, 71, and 71% for
chromosomes 1, 7, and 11, respectively). In the other cases
chromosome 9 is underrepresented. In 4 of the cases screened
with all probes, chromosomes 1 and/or 7 showed the highest
chromosome copy number, while the copy number for chro
mosome 11 was lower in 4 of these 5 cases.

DISCUSSION

In situ hybridization is a powerful approach to study numer
ical chromosome aberrations within malignancies, as well as
tumor cell heterogeneity (5,7-10). Screening of the TCCs, with
an apparently normal DNA content and modal chromosome
number with ISH using the specific probes for chromosomes 1,
7, 9, and 11 showed chromosome aberrations for one or more
of these chromosomes in a considerable percentage of the tumor
cells in about 60% of the cases. As compared to the flow
cytometric data that could be obtained, ISH can give more
precise information than FCM, and as compared to karyotyp-
ing, all cases could be analyzed while also considerably more
tumors cells per case can be examined.

The most characteristic numerical aberrations which we de
tected in low-grade noninvasive TCCs included trisomies for

chromosomes 1, 7, and 11, and monosomy for chromosome 9
(Table 2). In most cases the population of cells with a numerical
chromosome aberration exceeded 40% of the total tumor cell
population. With progression of the tumor the number of
chromosomal aberrations increases (compare Tables 2 and 4).

Deletion of a q or p arm of chromosomes (which may occur
in about 30% of the TCC cases reported in literature; see Table
1 and Refs. 18-26) leads to changes in the number of detectable
ISH spots in the interphase nuclei. As a result of the centrom-
eric localization of the DNA targets only a complete loss of the
centromere or deletions including (part of) the centromere will
result in reduction of ISH spot numbers. Furthermore, marker
chromosomes, containing centromeres of specific chromo-
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INTERPHASE CYTOGENETICS IN BLADDER CANCER

Table 4 Summary of DIVAcoment, histologicat grade, clinical Mage, and presence of significant celi populations with the indicateti numerical chromosome copy
number as detected by ISII using chromosome I, 7, 9, and II specific probes in invasive TCCs

DNACase
indexFCM

diploidTCCs2728293031323334353637.0.0.0.0.0.0.0.0.0.5.838

2.639
2.240

1.8Presence

of evident cell population with the indicated number of ISH
spots for chromosome 1. 7. 9. and 11probesGradeG2Â°G2G2G2G2G2G,G,G2G,G2G,G2G,Stage

1234T,T,T,T,T,T,

9T2T,T2

9T,T,T,T,

1T,7.

9, 1117.
9.117.
9. 1117,
9, 1177.
9. 117,
9, 1117,
9, 1177,
9, 1117,
9. 11 717.9.11

1.111,77.11
7.11.977,9,11
91.99
7. 1177,9,11
9,11 1,75FCMtetra-ploid/ancu-ploidTCCs11.

7. II617. 11

Â°G. grade: T. tumor.

somes, could lead to an apparent increase of the chromosome
copy number as detected by ISH, even when the normal chro
mosome copy is deleted.

Comparison of ISH with Cytogenetic Studies in the Litera
ture. Comparison of both chromosomal analyses can be sum
marized as follows.

1. Aberrations such as + lpâ€” and duplication of Iq are

frequently encountered chromosomal anomalies (Table 1; see
Refs. 18, 19, 23-25, and 41). Similarly, extra chromosome 1
copy numbers are detected by ISH in diploid TCCs (Ta, TÂ¡).
With progression the frequency of numerical chromosome ab
errations increases from 6 of 24 to 5 of 9 from FCM diploid
noninvasive TCCs to invasive TCCs, respectively. These data
confirm the karyotyping studies which showed that with pro
gression of tumor the aberrations involving chromosome 1 are
common in the more advanced tumors (42).

2. Involvement of chromosome 7 in invasion and tumor
progression has been reported for several malignancies (4, 41).
In 2 of 24 noninvasive, superficially growing TCCs with a
normal DI, an extra chromosome 7 copy was detected. With
progression in 3 of 9 cases of our series of invasive diploid
TCCs, chromosome 7 was affected. These ISH findings confirm
the data from the literature (19-22, 24) that trisomy for chro
mosome 7 can be detected; however, no deletion of this chro
mosome has been found.

3. Our data confirm the cytogenetic observations concerning
loss of chromosome 9 in low-grade low-stage TCCs5 (17, 20-
24). In 9 of 24 noninvasive, low-grade TCCs a monosomy for
chromosome 9 was detected. The loss of chromosome 9 is most
probably not limited to a small part of 9q, since as a result of
the DNA target in the heterochromatin on 9q, close to the
centromere, only a complete loss of this heterochromatin region
would result in a complete disappearance of the chromosome 9
signal. Deletion of 9q within the heterochromatin region could
preserve a part of this target sequence resulting in positive but
less intense or less extended ISH signals. This phenomenon
was clearly observed in one TCC in which a minor hybridization
site was seen (Fig. 3, c and/). In all the other cases only one
clear ISH signal was observed, suggesting a complete loss of
complementary chromosome 9 or at least the entire 9q arm.

4. With respect to structural and numerical aberrations in-

*A. H. N. Hopman. E. van Hooren. C. A. van de Kaa, G. P. Vooijs, and F.

C. S. Ramaekers. Detection of numerical chromosome aberrations using in situ
hybridization in paraffin sections of routinely processed bladder cancers. Mod.
Pathol.. submitted. 1990.

volving chromosome 11, the main studies presented in the
literature indicate loss of the whole chromosome or 1Ip dele
tions in TCCs5 ( 17, 22-24). We detected one case with a trisomy

for chromosome 11. In this case deletion of a part of 11p cannot
be excluded.

Comparison of ISH with RFLP Studies in the Literature. The
most striking finding was the underrepresentation of chromo
some 9 in diploid and aneuploid TCCs as compared to chro
mosomes 1, 7. and 11. This underrepresentation of chromo
some 9 would strongly confirm the observations of Tsai et al.
(25) who showed that loss of heterozygosity of markers on
chromosome 9q was detected in 67% of the informative cases.
In the cases studied by Tsai et al. the high-grade, invasive

bladder tumors were obtained from patients with advanced
disease with quite extensive chromosomal changes. The alleile
deletion in these cases suggests that the alterations are a result
of duplication of a monosomy of chromosome 9 in an earlier
stage of the tumor development.

Detection of Tetraploidization by ISH. The process of tetra-
ploidization is a generally accepted concept for tumor progres
sion (31-33). This phenomenon can be studied by cytogenetic
and molecular approaches (31, 34, 35). We showed that ISH
enables the detection of tetraploidization in TCCs in which no
aneuploidy could be detected by FCM, since the ISH procedure
can discriminate between a cell in G?M containing 4C DNA
and a tetraploid cell in G0G, also containing 4C DNA. These
cells will contain 2 and 4 ISH signals in the interphase nucleus
for each probe, respectively. By double-target hybridization we
could demonstrate doubling of numerical aberrations, resulting
in "minor" cell populations within tumors that contain 4 copies

of chromosome 1 and 2 copies of chromosome 9 in a tumor
with a major compartment with a disomy for chromosome 1
and a monosomy for chromosome 9 (Fig. 3, d-f). In minor
fractions of noninvasive TCC cells this tetraploidization was
detected (in these tumors, evident numerical chromosome ab
errations were detected). In the more advanced TCCs similar
chromosome ratios were observed. In the diploid invasive
TCCs, even in 3 of the 9 cases studied, tetraploidization was
detected. The overrepresentation of chromosomes 1 and 7, as
compared to chromosome 9, in the Ta TCCs is conserved also
during tumor progression since chromosome 1 and 7 copy
numbers in aneuploid/tetraploid TCCs are also higher than the
copy numbers for chromosome 9. Important in this respect are
the double-target ISH experiments in which cell fractions could
be analyzed and the ratio between specific chromosomes in one
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cell can be detected (5, 10, 43).
If we compare the RFLP data with our recent ISH results,

processes such as tetraploidization will not be picked up by the
RFLP analyses since the chromosomal aberrations occur at a
constant ratio.

Importance of Chromosome 9. Genes located on chromosome
9 may play a relevant role in the oncogenesis of bladder cancer.
It is evident from our data that underrepresentation of chro
mosome 9 as seen in noninvasive TCCs is conserved during the
process of tumor progression and tetraploidization.

The percentage of Ta TCCs which will show progression is
about 10% (44). Although no data are available yet for the
progression of the Ta TCCs examined in the underlying study,
it is unlikely that 9 of these 24 cases will show progression. We
conclude therefore that this chromosome 9 aberration probably
makes the tumor susceptible to other genomic changes. These
alterations may involve allelic loss of tumor suppressor genes
on chromosomes 11p and 17p. In this respect it should be noted
that in several high-grade tumors chromosome 11 was under-
represented as compared to chromosomes 1 and 7 (Table 4).

Novel approaches including competition in situ suppression
hybridizations using chromosome-specific or chromosome arm-
specific phage or cosmid libraries will enable the detection of
such genetic aberrations (15, 14-16). Currently, competition in
situ suppression hybridizations are performed on low-stage

TCCs to detect p or q arm deletions in earlier stages of tumor
progression.

In conclusion it can be stated that our studies of several stages
of TCC progression show that (a) ISH can be used to routinely
screen TCCs for numerical chromosome aberrations; (b) loss
of chromosome 9 as an early marker for bladder malignancy
can be detected by nonisotopic ISH; and (c) progression of
TCC involves tetraploidization in which the primary event, i.e.,
the loss of chromosome 9 and for example also extra copies for
chromosome 1, can still be recognized, especially when double-
target ISH is performed, allowing precise detection of chro
mosome ratios within one cell.
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