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ABSTRACT affecting numerous chromosomal loci. Recently, a cytogenetic study
provided a more complex overview about chromosomal changes in
six cases of multifocal bladder cancer, showing a highly similar
o L o : . pattern of genetic changes in distinct tumors (11). However, a sys-
cerization,” predicting a polyclonal origin of multiple tumors rising . ; . )
from an area of independently transformed mucosa cells. On the other tematlg anaIyS|§ of both multifocal tumqrs and the. surrounding
hand, genetic studies suggested a monoclonal origin. To address thesé/fothelium to find clues for the mechanism of multifocal tumor

contradictory hypotheses, we performed comparative genomic hybrid- development has not been perfor'med yet. .
ization (CGH) on 32 tumors originating from six bladder cystectomy We analyzed a set of 32 multifocal bladder carcinomas and 52

specimens. All tumors derived from the same patient showed a set of tissue samples from macroscopically uninvolved urothelium orig-
7-13 identical chromosomal aberrations and additional individual al- inating from six cystectomy specimens. In our study, we used
terations. Most striking were the findings of 17p losses in all (32 of 32) CGH® that detects all DNA gains and losses present in a tissue
tumors of the six cystectomy specimens and 20p gains in all tumors of samp|e to search for typical patterns of chromosomal aberrations in
four bladders, as well as an unexpected high number of chromosomal multiple bladder cancer. Our data not only provide further evi-
changes (20.4 alterations per tumor on average). To clarify a possible dence for a monoclonal origin of multifocal bladder cancer but also

role of the TP53 tumor suppressor gene on 17p13, we applied immu- . . . . . . . o
nohistochemistry and sequence analysis on the tumors and additional point at intraepithelial migration of tumor cells carrying specific
chromosomal aberrations.

52 mucosa samples. Identical P53 mutations and protein overexpres-
sion was found in individual tumors only as well as in mucosa samples
from continuous areas. Our results not only provide further evidence \ATERIALS AND METHODS
for a monoclonal origin of multifocal bladder cancer but also point at

Bladder cancer is often characterized by a multifocal growth pat-
tern. This observation has given rise to the hypothesis of “field can-

intraepithelial migration of tumor cells carrying specific chromosomal Materials. Cystectomy specimens of six bladder cancer patients (five

aberrations. males and one female) with multifocal disease were investigated. Samples
were taken from 32 different tumors of the bladder specimens containing three,

INTRODUCTION four, five, five, six, and nine tumors, respectively. Additionally, a total of 52

tissue samples were taken from sites of macroscopically uninvolved urothe-
About one-third of all bladder cancers occur as a multifocdibm surrounding the tumors as well as from distant sites. The histological
disease forming several tumors simultaneously at different sites@ssification of each sample is given in Table 1.
the bladder wall. During the last years, different concepts havePNA Isolation. Genomic DNA of the 32 unfixed tumor samples was
been assumed to explain this phenomenon. One is the field de@r&)ared following standard DNA extraction procedures. If necessary, laser

hypothesis, according to which individual cells of the bladderplcrodissection (PALM) was carried out on 10n sections to assure a tumor
' cell content of at least 80%.

urothelium are primed to undergo transformation because of eNVI-egH. Al 32 tumors were investigated by CGH. CGH analysis and the

ronmental mutagens, consequently leading to the develOpmemcF?tferia for the evaluation of copy number changes have been described
independent multiclonal tumors. This theory is mainly based Qflsewhere (12, 13). CGH profile shifts were rated as gains and losses if they at
morphological and immunohistochemical mapping studies demagast reached the 1.25 and 0.75 thresholds. The Cytovision 3.1 software
strating areas of modified cells adjacent to the sites of the tumarsckage (Applied Imaging International, Ltd.) was used for digital image
(1, 2). In contrast, genetic studies have given evidence foraaalysis and subsequent karyotyping.

monoclonal origin. Sidranskgt al. (3) showed that all tumors of ~ TP53 IHC Analysis. Sections (4um) of all formalin-fixed tissue samples of

a single patient with multifocal disease revealed the same ¢ 32 tumors and the 52 mucosa samples were investigat@#accumula-
chromosome inactivation pattern. Additionally, mostly the samqé)r,' by immunostaining. The_ procedure and the antibodies 'used.ha.ve been de-
patterns of loss of heterozygosity (4) as well as identiERB3 scribed elsewhere (14). Scoring was performed to the following criterigreg-

. . . ative), cells completely lacking nuclear staining;)((very weak), weak nuclear
mutations (5) were detected. Most investigators, therefore, Cog?éining in widely scattered and10% of cells;+ (weak), weak nuclear staining

cluded _th_at gn IntralumeraI seedlng or 'ntraep'_thel'al mlgratlor_1 % strong immunostaining in widely scattered anti0% of cells;++ (moderate),
cells 0”_9|nat|ng from a single primary tumor might be responsiblgrong immunostaining in 10-50% of cells or moderate stainingSa% of cells;
for multifocal tumor occurrence. ++4+ (strong), strong immunostaining iR50% of cells.

Most of the previous studies on multiple bladder cancer have beermrP53 Mutation Analysis. All tumors of cases 3227, 3253, and 3312
focused on few specific genetic changes (4, 6-10). However, blad@er 15) were analyzed fof P53 gene mutations because they showed at
cancer is characterized by highly complex chromosomal Chand@gst moderate TP53 immunostaining (see “Results”). In addition, the TP53

IHC-positive mucosa sample 1X of case 3253 was analyzed. Sequencing of

Received 5/23/0; accepted 10/26/00. the remalrf1|r|1|(__:;|CIHC-p_0_5|t|ve ﬂ1ucosa samples”was n”0t perhforrged be_:causfe the

The costs of publication of this article were defrayed in part by the payment of paﬁgntem 0 TpOSItlve C? s was tgo small to allow the e'_[eCt'on ora
charges. This article must therefore be hereby maecaertisemenin accordance with potential mutation. Mutation analysis was performed by solid phase se-

18 U.S.C. Section 1734 solely to indicate this fact. quencing of single-stranded PCR products from exons 5 to 8 off Bi&3
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Table 1 Histological diagnosis and TP53 immunohistochemistry results of tissue RESULTS
samples taken from six cystectomy specimens

TP53 scoring is explained in detail in “Materials and Methods.” CGH. CGH ratio profiles were generated from DNA samples of

Case no. Sample Diagnosis TP53 score  €ach macroscopically identified tumor. All tumors derived from the
3069 | pTié ) same patient share.d a set of 7-13 ?ollentical altgrations (hereafter
n pTis (+) referred to as “basic changes”). Additional genetic changes were
v ngg Eg}l gg; Ej:; found in individual tumors or subsets of the tumors. On average, all 32
VI Tumor C (pTz G3) i tumors investigated showed 20.4 chromosomal changes (range,
Vil Tumor D (pT, G3) + 6_33).
VI Tumor E (pT, G3) + :
XI Normal urothelium - The most frequent change was a Ipss of chromosome 17p material
Xl pTis - that was present as a basic change in 32 of 32 tumors (100%) of the
>§1\\; Ppii ) six bladder specimens. Gains involving 20p affected all tumors of four
XVI Bysmasia ) cases. Interestingly, particular aberrations appeared fre_quently in
3211 I Tumor A (pE G3) - combination as basic changes, whereas others were seen in the course
" Tumor 8 Eg} gg; E:; of progression only (Table 2).
v Tumor D (pTz G3) ) Following the theory of an accumulation of genetic changes during
\X Iumor 'I:E((pll gg)) - tumor development and progression (17), we developed cytogenetic
umor F (pTy - . . : ;
Vi Tumor G (pT, G3) N pedigrees reflectlng_ the accumulation of chromosomal ab_erratlons for
Vil Tumor H (pT, G3) + each case of multifocal bladder cancer (Fig. 1). Starting from a
'>)<( T#?;f’r 1(pT1 G3) jr hypothetical precursor cell population characterized by the set of basic
Xl -?umor (pT, G3) +) changes (¥ in Fig. 1), additional (_:Ione_s (X, were identified _
Xl pTis - based upon the highest number of identical chromosomal aberrations
ﬂ\\i Eﬁp'as'a - in addition to the precursor clone (Fig. 2).
3227 I Tumor A (pT, G3) T4 TP53 Immunohistochemical Analysis. All 32 tumors and 39 of
IIIII Iumorg Ep? gg; T+ 52 mucosa samples were successfully analyzed by IHC. The results
umor C (pT, + . . . P
Y, Tumor D (pT, G3) H are given in detail in Table 1. A_ moderate or strong_ p_05|t_|ve
\Y Tumor E (pT, G3) +) immunostaining + or +++ (positive)] was detected in indi-
V”)'( Trtr;]%fr ((PTTz gg; (1) vidual samples of cases 3227, 3253, and 3312. In case 3227, only
XI Dysp,asf; z — tumors A and B showed positive staining but none of the remaining
XII Dysplasia - samples. In cases 3253 and 3227, the positive samples were located
X1l Normal urothelium - B ; ; ;
— | Tumor A (pT, G3) . in a contiguous area. In case 3253, this area |n_cluded tumors A, B,
I Tumor B (pT, G3) T4 and C as well as mucosa samples IX (dysplasia), Xl,(fimor),
:U ¥um0r g (Fﬂa G3) ++ and XIV (carcinomadn situ; Fig. 3). In case 3312, positive staining
Vi D;rsnp?;sia(p 163) - was found in tumors B, C, D, E, and F and mucosa samples X
Vil Normal urothelium ) (dysplasia), XI (normal urothelium), and XII (dysplasia; Fig. 4).
'>><< ﬁﬁﬂszmthe"um i TP53Mutation Analysis. The findings of 17p deletions in all 32
x| Tumor (pT, G3) i tumors and positive TP53 immunostaining in 15 tumors investi-
XV pTis ++
XV Dysplasia ) Table 2 Summary of the most frequent genetic changes in the tumors of the six
XVI Dysplasia - bladder specimens investigated by CGH
3287 I Tumor A (p% G3) *+) Aberrations occurring solely or predominantly (in 50-100% of cases) as basic changes
I Tumor B (pT, G3) + are likely to be acquired early in multifocal tumor evolution, whereas those affecting a
I T“T“‘“ C (T, G3) + subset or single tumors only may represent late changes rather.
v pTis (+)
\Y pTis + Aberration is a Cystectomy specimen
VI Tumor (pT; G3) (+) Chromosomal  basic change
VI Dysplasila - aberration (% of cases) 3069 3253 3227 3287 3312 3211
IX Dysplasia - “17p 100 m? n " n [ n
X Dysplasia - +20p 100 - - - -
3312 | Tumor A (pT, G3) — 9 75 - - - O
I Tumor (pT, G3) - 792 o = = . . .
1] Tumor B (pT, G3) ++ +2034—qer 60 - O - - O
\Y Tumor C (pT, G3) ++ +12014-021 60 - O O - -
% Tumor D (pT, G3) ++ a4-q
Pl +1g22-q25 50 = O O = o .
Vi Tumor E (pT; G3) ++ —8p22—pter 50 - O - - O
Vil Tumor F (pT, G3) ++ _5q31qter 50 o o - -
V:l)l( %le lasia t +17q 50 a . " =
yspiast +11q14 25 . O O O
X Dysplasia ++ o1 25 ) O O -
Xl Normal urothelium ++ 5 (1‘3_ 14 20 O O - O O
Xl Dysplasia T +8322 K 20 O O =« 0O O
Xl Dysplasia ) - +10p 20 - O O O O
XV Normal urothelium ) ~10q22—qter 20 - O O O O
@ pTis, flat carcinoman situ; pTa, papillary noninvasive carcinoma; pT1, invasion of —11p 17 ] O | O ] ]
the suburothelial stroma; pT3-pT4, invasion of the muscular bladder wall; G1-G3, +3024-q26 0 O O O O O
histological grades 1-3. +2p21-cen 0 [} O O O O
+3p26 0 | O O O O
: ) +5p13-pl4 0 | O | O O
gene, which are known to harber80% of all mutations (15). The proce- +sgter—;p)22 0 O O O O 0
dure was performed as described before (16). Gel electrophoresis, data—22q 0 O O O O

collection, and analysis was performed on an automated laser fluorescenceg change affects all tumors of the belonging cystectomy specimen (basic change);

sequencer (A.L.F.; Pharmacia).

0, change affects a subset or single tumors only.
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gated suggested an involvement of tM@53 tumor suppressor is important to note that the majority of tumors investigated were
gene. Sequencing ofP53 of the IHC-positive tumors revealed late-stage, advanced carcinomas, because otherwise no cystectomy
point mutations in individual tumors of two bladder specimens. Ispecimens would have been available. This means that our set of
case 3253, a transition from guanine to adenine at exon 8 codamors is not entirely representative for typical multiple bladder
269 was found in tumors A, B, and C that resulted in the change cdrcinomas that are usually noninvasive.

GAG (glutamic acid) to AAG (lysine). Tumor D showed the The average number of aberrations per tumor (20.4) was remark-
wild-type sequence. The TP53 IHC-positive mucosa sample (saably higher as reported for pT, (7.9 aberrations) or grade 3 carci-
ple 1X) revealed a mixed population of tumor cells carrying theaomas (7.8 aberrations) by means of CGH (21), suggesting an excep-
known mutation and P53wild-type mucosa cells (Fig. 3). In casetional high degree of genomic instability in multifocal bladder cancer.
3227, also a transition from guanine to adenine occurred bidbwever, it cannot be ruled out that the high number of chromosomal
affected exon 5 codon 179. It was present in tumors A and B baberrations might be attributable to the preselection of extremely
not in tumors C, D, and E (data not shown). In both cases, tlevanced tumors. Another point is that most of the previous CGH
mutations resulted in a moderate or strong TP53 immunostainiagalyses have been performed on DNA obtained from formalin-fixed
(++ or +++). None of the tumors without mutations was IHCtissue samples. The direct comparison with CGH results from fresh
positive. The tumors of case 3227 did not show mutations withitssue and may be problematic because shifts of the CGH profile are

the analyzed exons. usually stronger in this case and might account for the larger number
of profile shifts passing the thresholds. Nevertheless, it has been
DISCUSSION reported that mere reduction in TP53 levels may be sufficient to

promote tumorigenesis (25). Loss of 17p that was present in all of our

In our present study, we demonstrated a close genetic relationstuipors may consequently account for a reduced activity of TP53
between all tumors of a particular cystectomy specimen in six caseslofvnstream mechanisms like induction of apoptosis, cell cycle arrest,
multifocal bladder cancer. Comparison of the CGH ratio profileand prevention of chromosomal instability, providing an alternative
obtained from the tumors belonging to the same case enabled ugxplanation for the high number of chromosomal defects.
elaborate individual cytogenetic pedigrees portraying the accumulaHowever, the 100% rate of 17p losses must be interpreted with care
tion of chromosomal aberrations during multiple bladder cancer proecause of the small number of cases. Nevertheless, it is remarkably
gression. higher than reported in non-multifocal bladder cancer by means of

In our sets of tumors, between 7 and 13 identical chromosonallelic loss (30—70%; Refs. 3 and 26—29) or CGH (up to 28%; Refs.
aberrations were found in each case as well as idenfie&Bmuta- 12, 20, and 21) and suggests a possible involvement ofT &3
tions in two cases, indicating a clonal origin of the tumors. This is tumor suppressor gene. Yet, in our set of tumdm53 mutations
concordance with previous studies that showed clonality by X chrarere detected in two of six cases only. Consequently, loss of 17p
mosome inactivation patterns, genetically closely related or identicalght be attributable to advanced tumor stage and grade rather than
tumors, or TP53 mutations in patients with multiple or recurrentreflecting a characteristic alteration in multiple bladder cancer. On the
tumors (3, 7, 10, 11). other hand, it can be hypothesized tAi@53 may not be the target

The sequence of genomic changes acquired during progressiom@ie responsible for multiple tumor development. There might be one
the tumors was highly individual and complex in each case. It can be more currently unknown genes located on 17p that may exert an
assumed that early aberrations frequently affect all tumors of a caiséluence on multifocalitye.g., by inhibiting cell migration capabil-
Potentially early changes in this study include alterations such ities in healthy urothelium. A similar effect may be induced by gains
—17p, +20p, —9p, —9q, +2934—qter,+12q14—g21,+1922—qg25, involving chromosome 20p that appeared as a basic change in four of
—8p22—pter,—5q31—qter, and-17q. Subsequent tumor progressiorsix cases (66%). This finding was surprising, because in non-multi-
may be characterized by the accumulation of changes-ik&ql4, focal bladder cancer, this alteration has been described rather rarely
—21q, —5913-q914,+89g22, +10p, —10g22—qter, and-11p, which (9%; Ref. 21), arguing for a certain role of genes located on 20p for
occurred only rarely in all tumors of a case. Alterations appearing imultiple bladder cancer.
particular tumors only, such a$3q24-q26,+2p21-cen,+3p26, Interestingly, cytogenetically closely related tumors revealed a
+5p13—pl4, +6pter—p22, and—22q, are likely to be very late close spatial relationship in this study. This raises the question on the
changes. Under this assumption, the order of chromosomal abemechanism of tumor cell spread leading to multifocal bladder cancer.
tions outlined in Table 2 (from top to bottom) represents a hypothéfo address this aspect we applied IHC for the detection of cells
ical, unified sequence of frequent genetic changes acquired duramrumulating the TP53 protein in tumors and normal urothelium
evolution of multiple bladder cancer. located between the tumors.

The majority of chromosomal changes detected in our study areNotably, weak immunostaining+) was found in most tumor
commonly found in singular bladder cancer as well (12, 18—-2Xamples of all cases but did not indicateTR53 gene mutation.
Some of them have been linked to special tumor properéeas, Nuclear accumulation of TP53 can occur for several reasons besides
tumor initiation (~9p, —9q; Refs. 12, 20, and 23), papillary growthintronic mutationsge.g., overexpression of wild-type TP53 (30), in-
(—9q; Ref. 21), high-grade or invasive phenotype3p, —11p,—17p; teractions of TP53 protein with other intracellular or viral proteins
Refs. 12, 21, 22, and 24), or are suggested to represent late ev€its 32), or extensive posttranslational modification of wild-type
(+5p, —5q; Refs. 21 and 22). Numerous genes that are known to pla53 (33). TP53 gene mutations were solely detected in samples
a role for tumor development may be affected by these alteratioshowing a moderate or a strong ¢ or +++) immunostaining in
e.g., TP5317p13),MDM2 (12913-ql5), an®MS1(2g34; apoptosis our study. For this reason, analysis of IHC data to searciT RB3
and maintenance of genomic stabilitgJPK4 (12q13—q15),CDK7 mutated cells in the urothelium was restricted to those cases showing
(2p15—cen)CDKN2Aand CDKN2B(9p21; cell cycle regulation), or moderate or strongH+ or +++) immunostaining.

DBCCR1at 9934 (tumor initiation). However, the findings of 17p In both cases where TP53 IHC-positive ¢ or ++ +) urothelium
losses in all tumors of all bladder specimens, 20p gains in all tumaamples were found, these were located in contiguous areas as shown
of four bladder specimens, and the high number of aberrations perFigs. 3 and 4. DNA sequencing of samples containing TP53
tumor are strikingly different from previous reports. In this regard, iHC-positive cells showed the samé53 mutation in three tumors
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Fig. 1. Spatial and cytogenetic relationship of the tumors in six cases of multifocal bladder cancer. The localization of the individual tunated liydapital lettersinside
of the bladder ideogramD, bladder roof;H, back wall; B, bottom; R, right wall; L, left wall; VR, right front wall; VL, left front wall). The histological diagnosis is given in the
cytogenetic pedigree of the respective case. Starting from a hypothetical precursor cell pop¥ijtiadditional hypothetical cloneX{—X,) were identified based upon the highest
number of identical chromosomal aberrations in addition to the precursor clone.
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Fig. 1. Continued.
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CGH OF MULTIFOCAL BLADDER CANCER

Fig. 2. CGH profiles of the tumors of case 3227 and the resulting cytogenetic pedigree demonstrating an accumulation of chromosomal abengtionogiglaritumor
development. The central line of each CGH ratio profile indicates the fluorescence ratio of balanced DNA sequence copy number state (1.0) betvekrefarence DNALInes
to theleft, the 0.75 and 0.5 thresholds for lossksesto theright, 1.25, 1.5, 1.75, and others, thresholds for gains. The ratio profiles show the mean green:rediddt®l{ne and
the 95% confidence limitdlénking line. Chromosome numbers are indicated. Tumors A and B additionally carried the same TP53 missense mutation in exon 5 codon 179, resulting
in the change of GAG (glutamic acid) to AAG (lysine). A comparison with Fig. 1 demonstrates the close spatial relationship of the mutated tumors.
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Fig. 3. TP53 sequence analysis and immunohistochemistry of caspg__'
3253.Black circles,the sites from which tissue samples were taken. #
The gray areainside the bladder ideogram indicates a contiguous —-—-'l—~ e |
region in which at least moderate TP53 immunostaining was de-
tected. Sequence analysis results are displayed taighe of the |X
corresponding IHC image. Sequencing revealed the same mutation i
exon 8 codon 269 [resulting in the change of GAG (glutamic acid) to
AAG (lysine); arrowg in tumors A, B, and C, whereas tumor D .ﬁ
showed the wild-type sequence. Mucosa sample IX revealed th# r’
mutation as well as retention of the wild-type sequence, indicating a = ",
mixed population of botiTP53 mutated tumor cells and normal _-_\ -
urothelium. e

and in an adjacent mucosa sample of one of these cases. Togetherfratm the primary tumor but must be retained for the process of
the CGH findings indicating a common progenitor for th®53 attachment and implantation into the mucosa at a different site
mutant tumors, these results give strong evidence for lateral migrati@®). For subsequent invasion of the urothelium, cell adhesion has
of neoplastic cells throughout the urothelium. to be disabled again to allow cell migration. The spread of a

Other studies had suggested intraluminal seeding of cells shezbplastic clone throughout the epithelium by mucosal migration
from a primary tumor as a probable mechanism for multiple clonatay be less complex. Although it requires loss of cell adhesion in
tumors. Shedding of tumor cells is a frequent phenomenon and d¢he onset of migration mechanisms as well, there is no need for
be used for the analysis of tumor cells in urine samples (34, 35)witching between cell-cell adhesion and dispersion. In addition,
However, intraluminal seeding is likely to require complex regueells are not forced to leave the epithelial environment and to
lation mechanisms; cell adhesion must be lost to allow cells to shedrvive in the urine. However, probably most important, the spread
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VI 6.

10.
11.

12.

13.

Fig. 4. TP53 immunohistochemical results of case 3312. Tumors B, C, D, E, and F

(black circleswith capital lettery and mucosa samples X, XI, and XllI, which showed

positive immunostaining, are located inside a contiguous area depictgdyin

14.

15.

of a neoplastic clone by intraepithelial migration can be expecteg
to lead to the formation of a single circumscribed area of trans-

formed cells, whereas intraluminal seeding would cause a numher
of randomly distributed tumors. Consequently, the observation that
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