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ABSTRACT proteins are working, including proteins encoded by genes like
) ) MDM2, CDKN1A (p21) CDKN2A(p16, pl4arf) RB1, E2F, and
" Cell groé’:"g‘Krsgfatoer 'ncllzdef p:\‘ﬂ’t;"\;l‘; O%tphse3p53 dp?:tgvéaNylincozdfd Y MYCL (Fig. 1). In the present study, we investigated allelic losses of
© genes. (p16, pl4ar), L - an (p21) as these genes as predictors of disease course. Alterations dPh@
well as proteins encoded by genes lik&kB1, E2F, and MYCL. In the . . -
pgene seem to be of importance in most cancers. It is known thafLOH

present study we investigated allelic deletions of all these genes in eac . .
recurrent bladder tumor from well-defined clinical material with more of the TP53 gene is correlated to high grade and stage of bladder

than 3 years of follow-up. We followed three groups (22 or 23 patients/ tUMOrs (9,10), and LOH of 17p (th—EP53|OCUS) .iS a§sociated V\{ith an
group) of patients with: (a) recurrent noninvasive tumors (Ta); (b) pri- invasive phenotype (11). Furthermore, positive immunostaining for
mary muscle-invasive tumors (T2-T4); and €) progressing tumors (Ta/T1  p53 protein correlates with disease progression (12). Other compo-
= T2/T4). We found a significant difference in the numbers of gene loci nents of the p53 and Rb pathways have also been investigated in
hit by deletions in muscle-invasive versus noninvasive tumors pladder cancers, includingiDM2 (13, 14), p21 (15, 16CDKN2A

(P = 0.0000002), with the genes most often hit by deletions in muscle- (17), E2F (18), andRB1 (19, 20). Despite the many studies of these
invasive tumors beingTP53, RB1,and MYCL. A number of novel findings components in bladder cancer (9, 10, 17, 21, 22), very few, if any

were made. Losses oMYCL and RB1 alleles were more pronounced in . . o
patients having concomitant field disease because 11 of 14 informative .have analyzed the various components of this pathway in single

cases showed losses compared with 3 of 8 cases without field disease. }:[‘d""d”a' tumors to verify the number of different alterations. This
more pronounced deletion ofTP53 (P = 0.002) andRB1 (P = 0.02) was could be of importance because Iosses_ of_ some gene products may
found in the progressing tumor group compared with the recurrent Promote cancer, whereas others may inhibit it. Furthermore, alter-
noninvasive group, and, finally, the combined loss oTP53and RB1was ations of specific genes should be interpreted in the context of the
present only in the progressing tumor or muscle-invasive groups. Deletion presence or absence of downstream effector proteins. Based on this,
of two or more loci in TP53, MYCL, RB1, and CDKN2A was found in 10 we examined all of the shown growth regulators (Fig. 1) related to the
patients in the progressing tumor group and in only 1 patient in the p53 and Rb pathways in each tumor from three groups of patiets: (
recurrent noninvasive group (P = 0.004). The data demonstrate that a patients with primary muscle-invasive tumors) patients with re-
characteristic difference between recurrent noninvasive and recurrent current noninvasive tumors; and) patients with progressing tumors.
progressing bladder tumors is loss of cell cycle-regulatory genes in the A number of novel findings relating allelic deletions to clinicopath-
latter group. ological data were made. We detected a significant difference in the
numbers of cell growth-regulatory gene loci affected by allelic dele-
INTRODUCTION tions in low-stageversushigh-stage tumors, frequent deletions at the

One of the most important features of urothelial cancers of tlll\éYCL locus, a d_ifference i_n the p_attern_of allelic deletions in high-
bladder and upper urinary tract is metachronous or synchronoﬁgge_ tumors with and v_wthout field dls_ease, a more pronounced
multifocal occurrence with high frequency. Between 70% and 80% 8f'etion of TP53andRB1in the progressing tumor group, and the
patients with bladder cancer have only noninvasive disease (Ta)PbFSence of combined deletions DP53 and RB1 only in the pro-
tumors with invasion no deeper than the lamina propria (T1) on initid[€SSing tumor or muscle-invasive groups.
presentation, and the remainder have muscle-infiltrating or deeper
cancers (T2-T4) (1). The risk of developing a muscle-invasive dised¥ATERIALS AND METHODS
is only 10% in a patient with a noninvasive bladder tumor (Ta),

whereas the majority of patients diagnosed with concomitant cargi-Pa“ems' Three groups of patients were selected from a clinical data and
. : A . . tissue bank from approximately 1000 patients followed for more than 3 years
nomain situ (flat lesion grade 3—4) will develop a muscle-invasiv

. - . - - n average. The noninvasive group consisted of 23 patients (18 males and 5
tlfmor' At pre_sent, one cannot pred_'Ct Wh!Ch pr?\tlent_ with a non'nv_f%'males; median age, 73 years; age range, 42—83 years) who had at least three
sive tumor will experience progression to invasive disease and WhigRtachronous stage Ta tumors and did not have a tumor of higher stage during
one will not. The search for predictive markers has been the aim ®inedian follow-up of 205 weeks (range, 72—218 weeks). The muscle-invasive
many studies and has included, among others, studies of nuclearor group consisted of 22 patients (20 males and 2 females; median age, 67
volume (2), blood group antigens (3, 4), adhesion potential (5, §gars; age range, 4684 years) who had a stage T2 or higher stage tumor as
epiderma| growth factor receptors, (7) and matrix meta“oproteinagégir first bladder tumor ever. The progressing group consisted of 23 patients
(8). However, these markers have only shown a general relation(}§ males and 6 females; median age, 71 years; age range, 5083 years) who

prognosis and provide no definitive information for the specific pa{]-ad a stage Ta or T1 tumor as _their first tumor and whose disease later
tient. In recent years, a large body of information has been accun%ggressed to a higher stage. We included both Ta and T1 to get a reasonable

. mber of tumors. From each patient, tumor tissue and blood were collected if
lated on the growth-regulatory pathway through which the p53 and RRormed consent was obtained.

Material. Tumors were obtained fresh from surgery, frozen immediately,
Received 1/10/00; accepted 9/27/00. and stored at-80°C. DNA was extracted from tumor tissue and blood by using

The costs of publication of this article were defrayed in part by the payment of Pagepregene DNA extraction kit (Gentra Systems. Minneapolis. MN) followin
charges. This article must therefore be hereby maddertisemenin accordance with 9 ( Y ’ POLS, ) 9

18 U.S.C. Section 1734 solely to indicate this fact. the manufacturer’s instructions. Because of possible normal tissue contamina-
1 Supported by grants from The Danish Cancer Society, Karen Elise Jensens Fdi@f), all invasive tumors without evident allelic losses were reanalyzed using
Aarhus County Research Fund, Professor Jens C. Christoffersens Mindefond, Radigticrodissected tumor tissue. Microdissection was performed usitg0
stationens Forskningsfond, and Max and Inger Worzners Mindelegat.
2To whom requests for reprints should be addressed, at Department of Clinicat
Biochemistry, Skejby Sygehus, Brendstrupgaardsvej, 8200 Aarhus N, Denmark. Phone® The abbreviations used are: LOH, loss of heterozygosity; MIN, microsatellite insta-
45-89-49-51-01; Fax: 45-89-49-60-18; E-mail:orntoft@kba.sks.au.dk. bility.
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Stimuli increasing the and showed a high degree of correlation (93%). Therefore, we decided to use
level of p33 activity visual scoring by two independent and experienced observers on the rest of the
amplicons. All cases with allelic deletions or MIN in primary analysis were
pldarf confirmed by repetition of the complete assay and rescoring.
To analyze the importance of the number of genomic deletions in a single
tumor, we divided the material into tumors having only one or no deletion,
(low frequency) and tumors having two or more deletions (high frequency).
MDM?2 < a Statistics. Two different tests were used. For samples larger than 50 and
—> figures expected to be larger than 5, we usedythtest. For smaller samples

and figures, we used the two-sided Fisher's exact test. When one locus was
analyzed with more than one primer, the combined result was counted as one

I RESULTS
RB1 . . . .
—> gF The deletion of alleles was examined at the following loci in each

tumor: TP53 (two markers); MDM2; CDKN1A (p21); MYCL;

¢ | CDKN2A (p16 and pl4arf)RB1; and E2F (Fig. 2). A pronounced
difference in the frequency of allelic deletion was found between the

DRBIF > S-phase. noninvasive group of tumgrs aljd the muscle-invasive group of tu-
progression ~Mors. Seven of the 23 noninvasive tumors showed deletion of at least

Fig. 1. Cell growth-regulatory pathways examined in this study. The action of the p%qe locus Compared_ with 19 of 22 muscle-invasive tumors (Table 2)‘
protein is stimulated by any kind of genotoxic stress. An increased level of active pb3 the muscle-invasive tumors, an average of 1.6 loci were deleted

protein stimulates p21 to stop activation of cyclin-dependent kinases, phosphorylatiorbgfmpared with 0.3 loci in the tumors of the noninvasive group
rbl, and release of e2f, which leads to S-phase progression. pl6 is an inhibitor, of > . .
cyclin-dependent kinases, leading to decreased release of e2f and cell cycle arrest.(ElZF 0.0000002x~ test). If a value of=2 deletions was used to define

binds to mdm2 and stabilizes pSBLYCL is a proto-oncogene encoding a protein thattumors with frequent deletions, then the number of tumors with

among other actiolns, inh_ibits p21, leading to decreaseq inhibitjon (_)f e2f release and uent deletions amounted to 11 of 22 muscle-invasive tumors and
S-phase progression. This model of cell growth regulation is simplified, and new knowl-

edge of genes involved is still being acquired. Revised from Ref. 32. only 1 of 23 noninvasive tumor$(= 0.001; two-sided Fisher’s exact
test; Table 2) because tumor 4 from patient 60 was the only one that
lost both aTP53 and anE2F allele in the latter group. It was

magnification in a microscope and 4—a-thick serial sections of paraffin- remarkable, however, that half of the muscle-invasive tumors had
embedded tumors. Microdissected tumor areas were deparaffinized by heatln%/ deleti aht t deleti th ¢ .
to 70°C, followed by rinsing in Xylol. DNA was extracted as described abov@NlY One celetion (eig umors) or no deletions (three tumors;

LOH Detection. DNA from tumor and blood was analyzed for allelic Table 2).
deletions and MIN by using microsatellite markers. Microsatellites were cho- IN the muscle-invasive tumors, different combinations of deletions
sen near growth-regulatory genes using information from the National Cenvégre detected from deletion of oftB1allele to deletion ofTP53
for Biotechnology Information database Genemap 98 or based on publisigDKN1A CDKN2A andRB1lalleles in a single tumor. TheBland
data (23, 24). Sequences of the primers used are listed in Table 1. Fluod¥CL loci showed significantly more deletions in muscle-invasive
cence-labeled primers were purchased from Hobolt DNA Synthesis (Hillerogdmors than in noninvasive oneBB1, P = 0.001;MYCL, P = 0.003
Denmark) and DNA Technology (Aarhus, Denmark). (two-sided Fisher's exact testfEDKN2A which is located at chro-
PCR Amplification. PCR reactions were carried out in a fBvolume  osome g, was deleted with a similar frequency in noninvasive (3 of
containing 100-200 ng of purified genomic DNA; 2 pmol of each primer; 593 tumors) and muscle-invasive (6 of 17 tumors) tumors, as expected.

mm KCI; 10 mm Tris (pH 9.0); 1.5 nm MgCl,; dATP, dTTP, dCTP, and dGTP Th le-i e t d b ted into t
(132 mw each); and 0.5 unit of Taq DNA polymerase. The reaction mixture ¢ MUuSCle-INvVasive umors could be separated Into two groups

was subjected to 5 min of denaturing at 95°C and 3040 cycles of 95°C Mfth Or without concomitant carcinoma situ. The patients with
0.5-1.5 min, 50°C—63°C for 45 s to 1.5 min, and 72°C for 1.5 min. The fin@ONcomitant lesions have a field disease with grade 2 dysplasia or

cycle was followed by a step at 72°C for 5 min. PCR conditions were
optimized according to the sequence of the primers, and PCR was carried out
in a MJ Research Thermocycler (PTC 200/PTC 225).
Electrophoresis. PCR products were analyzed by electrophoresis on
4.75% polyacrylamide/6 urea denaturing gels using an ABI Prism 377 DNA
sequencer and Genescan software (3 h, 51°C, 2.96 V). E2F D1s482 1 S CGC TIG CCC AGG ATT TG
. L . ) AS AGG GGG ACA CTT GCC G
Interpretation of Data and Definition of Terminology. MIN was defined  \vcL D1S2743 1 S GAT GGG GTT TCA CTG TAG C
as the presence of significant new bands, following PCR amplification of AS TGA CCC AAA TCT TGA ACA GGA AT
tumor DNA, that were not present in corresponding normal DNA. Tumors witMYCL MYCL 1 iSTg%CTGTAT iﬁg E?(C; é&i A(QPA C;TT c
(l:\‘/lellz\ilm\;vde;es ﬁ)xscsluocie;js]i‘rom_ allelic deletion exam|_nat|on. Allelic deletion Wa_sﬁDKNlA D6S291 6 S CIC AGA GGA TGG CAT GTC TAA AAT A
gnificant part of one allele in tumor DNA compared wit AS GGG GAT GAC GAA TTA TTC ACT AAC T
the corresponding normal DNA. This was determined by comparing the aremkKN2A  IFNA 9 S GTA AGG TGG AAA CCC CCA CT
under the curve for the two alleles from tumor and normal DNA in the curves AS TGC GCG TTA AGT TAA TTG GTT

; ; . - iMDM2 D12S80 12 S CCA GCC TGG AAT GAT ATG TA
obtained from the Genescan program. To determine the between-run varlatlw AS GAA TOT CAA TGG ACC AGA TG

we repeated the entire procedure on 10 samples of corresponding tumor apgk 4 D12S1691 12 S GGT AAA CAC TGA GAC ACG CC

Table 1 List of primers

Gene Microsatellite
locus locus CHR Primer sequence

normal DNA for the first six primer sets. We normalized the areas by dividing AS TGA TGA CNC AGA AGT TGA GC

the ratio between tumor alleles with the ratio between normal alleles [(tum&B1 RB 13 iSCLiTCTTEACC(;TAAggTTg(%GTEGTGT G
aIIe_Ie_l:tumor allele 2)/(blood allele _:L:blood aIIeIe_2)]‘._Based on these de_ata, tB%s P53l 17 S CTT GTA GTC CTA GOT AGT CAG CA
variation of each amplicon was defined, and a significant loss was defined as AS CAA AAC ATC CCC TAC CAA AC

a difference of more than 3 SDs between the allelic ratio in tumor and ttRs3PCR P53 17 S AGG GAT ACT ATT CAG CCC GAG GTG
allelic ratio in blood. Determinations of area under the curve in the first six AS ACT GCC ACT CCT TGC CCC ATT C

primer sets were compared with a visual scoring by two independent observerd CHR, chromosome number; S, sense primer; AS, antisense primer.
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Fig. 2. Examples of electropherograms of microsatellites from tumors and corresponding blooseEmeth row represents normal and tumor DNA from metachronous tumors
in the same patient. A, gene locB81in patient 157; both alleles are retained in all three tumBrgene locukB1in patient 172; allelic deletion occurs in all three tumdspatient
679; allelic deletion ofCDKN2A(p16) is seen in tumor Tifst row), and allelic deletion oMYCL s seen in tumor 3second row. D, gene locug P53in patient 157; allelic deletion
is seen in the tumor.

carcinomain situwinvasive carcinoma in selected site biopsies. As ane case, as wabP53 except in three cases. Deletions of alleles at
novel finding, we observed that the deletions MYCL and RB1 these two loci could be important predictors for the disease course.
alleles were more pronounced in patients having field disease becabDséetions were not detected at all visits in some cases (Table 3). This
11 of 14 informative cases showed deletions compared with 2 ofnight indicate different tumor cell populations. As shown by case 679
cases without field diseasP & 0.04, two-sided Fischer’s exact test).in the recurrent noninvasive group, different populations of tumor
All tumors with more than two deletions had concomitant fieldells seemed to be present becauseGB¥&N2Alocus showed dele-
disease (Table 2; Fig. 3). tion in tumor 1 and a normal pattern in tumor 3, whereasNheCL
Because of the significant difference between the noninvasive agehe locus showed the opposite pattern (Fig). Zeven of the 23
muscle-invasive tumors, we decided to examine losseFRB3 patients that showed progression had no deletions at all of the exam-
CDKN2A MYCL, andRB1in a group of patients with progressingined loci. Intervals between recurrences were similar in the two
tumors and in patients with recurrent noninvasive tumors (Table 8oups. An average of 236 days passed between the recurrence of
As a novel finding, we demonstrate that the number of patients witltoninvasive tumors in the group that did not progress, and an average
allelic deletions ofRB1in any tumor was significantly higher in the of 217 days passed from the last Ta or T1 tumor to the first tumor of
progressing group (7 out of 21 informative cases) than in the recurrenhigher stage in the progressing group.
Ta group (0 out of 17 informative casds= 0.02, two-sided Fisher's  If we define the simultaneous deletion of two or more gene loci in
exact test). For th@P53locus, 12 of 17versus3 of 19 informative TP53 MYCL, RB1,and CDKN2Aas a high frequency of deletions,
patients had deletion®(= 0.002, two-sided Fisher's exact test). Wethen 10 patients showed a high frequency of deletion in the progress-
compared all Ta tumors later developing into invasive tumors wiihg group, and only 1 patient showed such a high frequency in the
tumors from patients with recurrent Ta tumors and found alleliecurrent noninvasive group. The number of tumors with a high
deletion ofRBlin 2 of 11 tumors in the progressing grouprsusO frequency of deletion differed markedly between the groups examined
of 43 tumors in the recurrent noninvasive group € 0.076, two- (Fig. 3) but was always 50% or less of examined tumors.
sided Fisher's exact test). FOP53 the numbers were 4 of @ersus
4 of 46 P = 0.037, two-sided Fisher’s exact test). The most Smkin@lSCUSSION
difference was thaRB1 never showed deletions in the group with
recurrent noninvasive tumors. TI@DKN2A locus andMYCL were We have studied the allelic deletion of genes involved in cell cycle
deleted to the same extent in both groups. The deletioRBdfwere regulation in a well-characterized clinical material consisting of blad-
present from the beginning of the progressive disease course in all et cancer patients with stable or progressing tumors. We found a
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Table 2 Clinical and genetic profiles for noninvasive and muscle-invasive tumors

PT, patient number; VISIT, visit number in mob project; FIELD, whether or not the patient had corresponding field disease; CIS, cara@itoniD, frequency of deletions.
High (H) if two or more loci showed deletions; Low (L) if zero or one loci showed deletion.

Group 1: Non invasive tumors with no known disease progression

Gene locus”
STAGE PTVISIT  TP53 MDM2 CDKN1A  MYCL  CDKN2A Rb1
plagr? 3/4
pTagr2 32/3
pTagr2 38/4
pTagr1 5812
pTagr2 60/4
pTagr2 73/3
pTagr3 7411
pTagrO 92/6
pTagr2 1152
pTagr2 15415
plagrt 157/2
pTagr2 166/5
pTagr2 25214
pTagr2 26972
pTagr2 27212
pTagr2 32716
pTagr2 33513
pTagr2 42413
pTagr3 576/1
pTagr2 5971
pTagr2 6621
pTagr2 679/1
pTagr2 71611

m
N
T

z—r—r—r—l—r—r-r-l—l—r—l—l—r‘r‘r'r—l—Il—l—r‘r’S

CO00S0000SSOO0000080800
O NNO0/0/0/0/00/ 0 10/0/0/0/0/0/0\0
OO0SO000SOSCO000OSSOSO00
0/0/0/0/0/0/0/\10/0/0/0/0/0/\10/0/0/0/0/0/0¢
O00SOSSSOOSSSOO0SOS000S
NON0/ON0/0/0/01[6/0/0/0/0/0/0/00[0)
SOO000SOSOOSOOSCOOOO0000

Group 2: Primary muscle invasive tumors

Gene locus®
STAGE PATIENT TP53 MDM2 CDKNAA MYCL CDKN2A Rbt E2F FD FIELD

pT3 gr3 131 o o O O ® @ @ H 0
pT3bgr3 265 O o O O ® ® @2 H 0
pT2gr3 318 @& 2 O & ® O @ L 0
pT3 gr3 341 @ o O [ 4 O @ @ H 0
pTdbgrd 378 () o O O @ O D L 0
pT2 gr3 444 [ 2 O O O @ <o H o}
pT3bgr3 566 O (G O o O @ L 0
pT2-4gr3 770 { J o O O o O O L 0
pT4b gr3 51 O e O o O @ o L cis
pT4b gr3 120 O o O O S o O L cis
pT3bgr3 292 O o @ O O @ O L cis
pT4 grd 377 (=] o O @] O O O L cls
pT3 grd 451 = ® @ 4 o @ @ H cls
pTdbgrd 456 O o O [ O @ @ L cls
pT2 gr3 538 [ O @ o ® e O H cls
pT2gr3/4 563 O O @ O O @® O L cls
pTdagrd 564 [ @2 O @ ® O O H cis
pT3 gr4 650 @ O @ [ 4 O 2 o H cls
pT2-4gr4 733 <o @2 D [ 4 @2 O © H cis
pT2-4gr3 427 (@] O @ & ® O @ H  GRADE?
pT2 gr3 697 O G o @2 O @ H  GRADE2
pT3b gr3 362 O @D @ @) o O O L INV

O No deletion/retention of heterozygosity
(=) Homozygote or instable (non-informative)
@  Alkelic deletion

= Not examined on microdissected tissue

2Gene loci examined by the following microsatellites: TP53: P53i1 and p5S3PCR; MDM2: D12S80; CDKN1A (p21): D6S291; MYCL: MYCL and D1S2743; CDKN2A (p16
IFNA; RB1: RB; E2F: D1S482.

significantly higher frequency of allelic deletions in high-stagesus corresponds well with the findings by other authors that mutations,
low-stage tumors and, as a novel finding, in progressiegsus allelic loss, and abnormal expression of the p53 protein are more
recurrent noninvasive disease. The genes most often affectedppgnounced in high-stage tumors than in low-stage tumors (9, 10, 12).
allelic deletions in muscle-invasive tumors waeés53 RBland, as a Allelic loss was found mainly irRB1, MYCL, CDKN2A and TP53
novel finding, MYCL Dichotomizing the patients into those withand was rare for the gen&DM2 and E2F.
tumors having a high frequency of deletions (two or more deletions)mdm2 up-regulation is expected to be unfavorable because the
and those with a low frequency of deletions showed, for the first timprotein abrogates the growth suppression function of p53. In human
a remarkable overrepresentation of high-frequency deletions in pleast cancer, mdm2 overexpression was seen in 24 of 33 cases (25).
gressing tumors. Although allelic deletions were frequent in certain bladder cancer, a positive correlation between p53 accumulation
patient groups, some patients in each group showed a complatel mdm2 overexpression was shown, but mdm2 overexpression
absence of deletions, indicating that the muscle-invasive or progrea®ne had no prognostic significance (13). TGBKN2A gene en-
ing tumors might consist of two different groups, one with allelicodes cell cycle-regulatory proteins p16 and pl4arf, which share one
deletions and one with other characteristics. exon with different reading frames. Both are tumor inhibitors; p14
The higher frequency of allelic deletions in muscle-invasive tumotsnds to mdm2 and inhibits p53 degradation, and p16 binds to cyclin-
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Table 3 Clinical and genetic profiles for tumors from patients with progressing and recurrent noninvasive tumors

The table only shows selected tumors from each patient based on availability of tissue and the absence of urinary tract infection. Furthewrtiorepflasieoninvasive, first
invasive for progressing group was used. PT, patient number; VISIT, visit number; FD, frequency of deletions. High (H) if two or more out of foonwéatidefetions. Low (L)
if zero or one loci showed deletion.

Gene locus® Gene locus®
STAGE PTNISIT CDKN2A MYCL Rb1  TP53  FD STAGE PTNVISIT CDKN2A MYCL Rb1  TP53  FD
pTa gri 13/3 ® O O @ H pTagr? 32 @2 O O O L
pT1 gr2 13/4 o o O L pTagr 313 @ O O O L
pTagr2  3/4 @ O O O L
pTagr2 18/ o OO O L
pT2-4gr3 187 O O e O L pTagrt  32M o O O O L
pTagr2 32/3 O O O O L
pTa gr2 3112 @ O @& O L pTagrl  32/5 O O O O L
pT2-4gr3 3143 @ O @& O L
pTagr2 38/4 O @D @D > L
pT1gr3 1123 ® OO @ H pTagr? 386 O @ e @ L
pT1gr3 1125 O OO0 e L
pTagrl  58/2 o O O O L
pTagrd 1391 DL @@ @ L pTag2  58/5 o OO O L
pTig3 1393 & O O @ L pTagrl  58/6 o O O O L
pTagrd 17211 o O e O L pTagr? 6074 o OO e L
pT1gr3 1723 O OoOe ©o H pTagr?  60/6 o O O O L
pT3gr3 1724 O O e e H
pTagrl 731 o OO O L
pT1gr3 2253 @2 O @ e L pTagr2 7313 o O O O L
pTigs 254 @ O @ @ L
pT3gr3 22515 2 e 2 e H pTagrd 741 @2 O O O L
pTagrda  237/4 @ O & O H pTagr2 921 o OO O L
pT2? 23716 @2 O e e H Tagr0 926 o O O O L
pTagr2 9218 ® O O O L
pT1gr3 2451 ® O @ @ H
pT1gr3  245/3 ® O & @ H pTagrz 1152 @ @ O O L
pT3gr3 24515 ® O & @ H pfagrz 1154 @ @ O O L
pTagr2 1157 o @ O O L
pTagr2 2551 @2 O O @ L
pTig3 2855 & O O @& L pTagr2 15411 O OO O L
pTagr 1545 O O O O L
pT1gr3 3651 o O O @ L pTagz 1548 O O O O L
pTigr3 36512 o O O @ L
pT24g3 3658 O O O @ L plagit 1572 @ @ O @ L
pTagrd  365/4 O O O @ L pTag2? 15713 @ @& O @ L
pfagre 1575 @ & O O L
pTagr2 397/t O @ O @@ L
pTagrd 39755 O @ O @ L pTagrz 1665 @ O @ O L
pTig3 3976 O @ O @ L
pTig2 39777 @ @ @ @ L pTagrl 25211 @ O @ @ L
pTagr2 2524 @ O @ @ L
pTagr2 463/ o O O O L
pTiobs  463/6 ® O O O L pTagr2  269/2 o O O @& L
pTigr3  463/9 ® O O O L pfagr 2694 O O O @ L
pTagrz 2808 O O O @ L
pT1gr3 50171 @ @ O O L pTagrz 2807 O O O @ L
pTagr3 50173 @ @ O O L
pl2g3 5015 @ @ O @ L pTagr2 2721 o OO O L
pTagr2 2122 © O O O L
pT1gr3 606/ O O O e L pTagrt 2124 O O O O L
pT3gr? 60612 O OO e L pTagrt 27126 O O O O L
ptigr2  607/1 ® O @ O H pTagrz 326 @ @& O O L
pT2-4gr3 60772 ® O @ O H pTagr2 3218 @& @& O O L
pT1gr3 62111 o O O O L pTagrz 33511 @ O @ O L
pT1gre  621/3 o O O O L pTagrez 333 @ O @& O L
pT4gr?  621/4 ® o @ H pTagrz 3354 @& O @& O L
pT1gi3 6381 o @ O O L pfagz 4243 O O O O L
pT1gr3 6383 o @ O O L
pT2gr3  638/4 O @ O O L pTagrd 5761 ® O O @ L
pTagr2 576/4 ® ® O @2 H
pTigr3 70411 O O e H
pT2gr3 70412 O @& © @ H pTagr2 59711 @ O O O L
pTagr? 597/4 @ o O O L
pT1 gr3 74414 2] @ O [ ) H
pTtgr3 74412 2 @& O O L pTagr2 6621 O O e L
Pi2dgs M3 B B @ @ H plagz 6622 O @ @ O L
pTagr? 662/3 o O e O L
pTagr? 78174 @2 @ O @ L
pTigr3 78112 2 ® S o L pTagr2 6791 ® O O O L
pTagre 6793 O @ O O L
pTag2 78972 o O O @ L
pTigr2 7893 o O O @ L pTagr? 716/ O o e O L
pfagz 71683 O O @ O L
pTagr2  846/1 o O O @ L
pT2-4gr3 84612 o O o @ L

(O No deletionfretention of heterozygosity
@&  Homozygote or instable (non informative)
@  Alelic deletion

&  Not examined on microdissected tissue

2Gene loci examined by the following microsatellites: CDKN2A (p16): IFNA; MYCL: MYCL; RB1: RB; TP53: p53il and P53PCR.
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@ 60 may give the cell a growth advantage, whereas los€2F and

s MDM2 may stop S-phase progression and possible tumor growth (32).

- 501 It was characteristic in our material thB2F and MDM2 were rarely

g 40 hit by deletions compared with the other genes, indicating that almost

2 only unfavorable deletions leading to increased S-phase progression

§ 30 | were present.

g However, if the deletions we observed have any biological impor-

};; 20 - tance, they should influence the amount or quality of the gene prod-

£ ucts. This could be due to either a gene dose effect or inactivation of

.§ 10 1 the remaining allele by a mutation or by methylation of CpG islands

2 o4 in the promoter region. The latter is a known mechanism that reduces

N the transcription of genes (36). There are some possibilities for un-

é\@%&ﬁg%é\@ o 'é{z@ derscoring deletions. We tried to rule out normal tissue contamination

by microdissecting paraffin-embedded tissue in muscle-invasive tu-
mors that showed no deletions when frozen tumor tissue was exam-
<2 < ined. Another possibility is too much template. Because almost all
Fio. 3. P ‘ fh it h patient howing allelic deletion of tigMors showed some degree of deletion, it seems that saturation of the
g ercentage of tumors within each patient group snowing alle R
or more of four genesTP53 RB1, MYCL, and CDKN2A). Ta progressingand 71 PCR process is no problem. Other authors have used 5-300 ng of
progressingrepresent the last tumor of that stage before progression. template (37, 38). We conclude that allelic deletions of genes involved
in cell growth regulation are of importance in the progression of
bladder cancer. We detected a pronounced difference in the frequen-
dependent kinase 4 (Fig. 1; Ref. 26). A microsatellite at the IFNgies of deletions in noninvasiwersusmuscle-invasive tumors. If we
locus is commonly used to investigate the CDKN2A locus (27, 28)efine the simultaneous loss of two or more gene lod@iR%3 MYCL,
however, deletions may occur that affect only @BKN2Agene and RB1,and CDKN2Aas a high frequency of deletions, then 11 of 23
not IFNA. Based on this, our findings concerning CDKN2A maymuscle-invasive tumors and only 1 of 23 noninvasive tumors showed
underestimate the frequency of deletions of @BKN2A gene. The this pattern. A striking new finding was that 10 patients in the
tumor inhibitor p21, like p16, works through inhibition of cyclin- progressing group and only 1 patient in the recurrent noninvasive
dependent kinases, abrogating the phosphorylation of rb1l and arrgsbup showed a high frequency of deletions. The differences were
ing the cell cycle at the checkpoint. TheCDKN1Agene is directly more pronounced foRB1, MYCL,and TP53 The number of tumors
transcribed by p53 and is related to morphological indicators of celhowing a high frequency of deletions was markedly different be-
proliferation. Its relation to prognosis in bladder cancer is ambiguotween the groups examined but was always 50% or less of examined
(15, 16). In a previous publication (17), tHeDKN2A gene was tumors. Based on this, one might suggest that two different pathways
deleted in 13 of 140 bladder tumors, all of which had small defineday lead to bladder tumor progression, one in which deletion of
deletions at 9p21. alleles in cell cycle regulators is common and one in which such
The E2F gene product is a transcription factor that promotgs Gleletions do not occur.
progression. Loss or inactivation of this protein could, in theory, arrest
the cell cycle, but in a recent publication (18), lack of the e2f protein
was related to disease progression, and e2f inactivation may be reIé&&FNOWLEDGMENTS
to replication errors (29). The rb1 protein binds to e2f and thus causesye thank Ingelis Thorsen, Lotte Gernyx, and Bente Hein for skillful
cell cycle arrest. Individuals with germ-line mutations in RBlgene technical assistance; Alexander lovanowich for software programming; and
are at high risk of developing retinoblastoma and other cancers (3@kmming Brandt Sgrensen for assistance with tissue material.
Altered expression of rbl is associated with invasive bladder tumors
(31) and bladder cancer recurrence (19), and the alteration of p53 ERENCES
rbl in the same tumor is associated with tumor progression (20). The
role of MYCL is difficult to interpret_ TheMYCL gene is a proto- 1. Wolf, H., Kakizoe, T., Smith, P. H., Brosman, S A., Okajima, E., Rgbben, H:, and
oncogene. Among other mechanisms, it might work through inhibit- 5y bse;gaa o (WMorS: Treated natural history. Prog. Clin. Biol. Res1:
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