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raphy have identified allelic imbalance (loss or gain of one al-
Background: Bladder cancer is characterized by genomic lele) in esophageal adenocarcinomas and in small-cell lung
instability. In this study, we investigated whether genome- carcinomas with a high reproducibility and resoluti@h5).

wide screening using single-nucleotide polymorphism (SNP)  One of the most important features of urothelial cancers of
arrays could detect allelic imbalance (loss or gain of at least the bladder and upper urinary tract is metachronous or synchro-
one allele) in bladder cancers.Methods: For microarray nous multifocal occurrence with high frequency; another char-
analysis, DNA was isolated from microdissected bladder tu- acteristic of bladder cancer is genomic instability. Approxi-
mors and leukocytes from 11 patients. The stage T1 tumor mately 30% of patients with bladder tumors have T1 tumors
(connective tissue invasive) and the subsequent stage T2—4connective tissue invasive) on initial presentation, and these
tumor (muscle invasive) were available from eight of these patients have a 30% risk of developing muscle-invasive disease
patients, and only the first muscle-invasive stage T2—4 tumor (7). Recent comparative genomic hybridization studies indicate
was available from three of the 11 patients. The microarray that certain chromosomal areas are frequently altered during the
contained 1494 biallelic polymorphic sequences. For micro- progression of bladder cancg-10).

satellite analyses, DNA was isolated from tumors and leuko-  In this article, we examine whether SNP arrays can detect
cytes of nine patients with primary T2—4 tumors and 13 genome-wide allelic imbalances in bladder cancer. Allelic im-
patients with Ta (noninvasive) tumors. All statistical tests Palance is defined as the loss or gain of one allele in the tumor
were two-sided Results:We assigned a genotype to 1204 loci, 9enome compared with the individual'’s normal genome. We
343 of which were heterozygous. Allelic imbalance was de- also characterize alterations detected in individual patients who
tected in known areas of imbalance on chromosomes 6, 8, 9,1ad @ stage T1 tumor and later a stage T2—4 tumor (muscle

11, and 17, and a new area of imbalance was detected on thdnvasive) and identify new areas with common allelic imbal-
p arm of chromosome 6. Microsatellite analysis of nine other 2NC€S that could harbor potential tumor suppressors.

T2-4 tumors and 13 Ta tumors showed that allelic imbal-
ance was more frequent in T2—4 tumors than in Ta tumors
(P<.001). We detected 8.5 allelic imbalances (median) in 348patients

informative loci in T1 tumors and 28 allelic imbalances (me-

dian) in 329 informative loci in T2—4 tumors. When pairs of Patients were selected from a clinical data and tissue bank
T1 and T2—4 tumors were ana|yzed from eight patients, 68% holding records from 1167 patients with bladder cancer who had
of imbalances detected in T1 tumors (146 imbalances) oc-been followed prospectively for more than 3 years, on average.
curred in the subsequent T2-4 tumors (99 imba|ances)_ Ho- For SNP array analyses, we identified all patients with bladder

mozygous TP53 mutations were more often associate® (: cancer who had a Superficially invasive Stage T1 tumor and then
.005) with high allelic imbalance than with low allelic imbal- later had a muscle-invasive stage T2—4 tumor. (Patients who had

ance. Conclusion: SNP arrays are feasible for high- & T2—4tumor before a T1 tumor were not included in this study.)
throughput, genome-wide scanning for allelic imbalances in With these criteria, we identified a total of 29 patients. For 14 of

bladder cancer. [J Natl Cancer Inst 2002;94:216—23] the 29 patients, we had frozen tissue from both tumors (11
patients) or from only the first T2—4 tumor after a T1 tumor

R ) three patients). However, tumors from three patients could not

The initiation and progression of human cancer are generaf ysed because they contained too few tumor cells for micro-

characterized by a combination of discrete mutations and chigssection. Thus, we studied eight patients with a T1 tumor and

mosomal alterations. A common type of chromosomal alteratignsybsequent T2—4 tumor and three patients with only the first

is loss of heterozygosity, which, in combination with the mutar2_4 tumor after a T1 tumor and examined a total of 19 tumors.
tional inactivation of the remaining allele, is considered to be a
basic mechanism for the inactivation of tumor suppressor genes
(1,2). High-density mapping of genetic losses should reveal po-Affiliations of authors:H. Primdahl (Molecular Diagnostic Laboratory and
tential tumor suppressor loci and might be useful for clinicélepartments of Clinical Biochemistry and Oncology), F. P. Wikman, T. F.
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ods, such as comparative genomic hybridization ar(8ysnd ,
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Leukocyte DNA from all 11 patients was isolated and used &8CRs) were combined, mixed, and loaded on a Microcon-10
reference. spin column (Amicon Bioseparations, Bedford, MA). Samples
For microsatellite analyses of the p arm of chromosome 6, wesre concentrated by centrifuging the column for 20 minutes at
used tumors from two groups of patients, one group of nidd 00@, followed by a 3-minute recovery at 309All volumes
patients with primary T2—4 (muscle-invasive) tumors and amere adjusted with distilled water to gOL.
other group of 13 patients with at least three recurrences of . = . -
noninvasive (Ta) tumors but no higher stage tumors during t’%{bnmzauon, Washing, and Staining
observation period. All tumors were transitional-cell tumors. Pa- for hybridization, 3Q.L of a sample was added to 138
tients were selected retrospectively in the database until e@glntaining 3M tetramethylammonium chloride, 2vhcontrol
group contained approximately 10 patients who fulfilled thSIigonucIeotide B1 (supplied by Affymetrix, Inc.), 5x Den-
clinical criteria above and who had tumors large enough f@ggdt's solution (1x Denhardt's solutioa bovine serum albu-
microsatellite analysis. None of the patients had received prigf, [0.2 g/L], Ficoll [0.2 g/L], and polyvinylpyrrolidone [0.2
radiotherapy or chemotherapy, and none of the DNA from the # 1), herring sperm DNA (10ug/mL), 5 mM EDTA (pH 8.0),
patients was used for SNP analysis. As above, leukocyte DNA 1\ Tris—HCI (pH 7.8), and 0.01% Tween 20, and the mix-
from all 22 patients was used as reference. The local scientifigre was denatured for 5—10 minutes at 95 °C. After 2 minutes on
ethical committee approved the study, and all patients gave thg samples were applied to HUSNP chips and hybridized in a
written informed consent. The identities of all patients inVOWeHybridization oven (Affymetrix, Inc.) for 16 hours at 45°C on
in this study were made anonymous. rollers rotating at 60 rpm. Each chip then was washed and
stained on the Fluidics station (Affymetrix, Inc.) as follows:
Chips were washed twice with 6x SSPE (1x SSPH).15M
Tumors were obtained fresh from surgery, immediately friNaCl, 0.01M sodium phosphate, and 0.00EDTA) contain-
zen, and stored at —80 °C. Before DNA extraction, tumors farg 0.01% Triton X-100 (BioWhittaker, Walkersville, MD) at
SNP analyses were cut into sections of 10428 and were 25°C and then were washed five times with 4x SSPE containing
stained with hematoxylin. Areas with a high content of tumdy.01% Triton X-100 at 35 °C. Chips were stained for 30 minutes
cells were microdissected, and DNA was extracted from tla 25°C in 500uL of streptavidin—phycoerythrin (5Qug/mL)
purified tumor tissue. Blood was obtained from the tumor pand biotinylated anti-streptavidin antibody (0.25 mg/mL) in a
tients at their first visit to the hospital. DNA was extracted fronsolution of 6x SSPE, 1x Denhardt’s solution, and 0.01% Tween
tumor tissue and from blood by the use of a Puregene DN2. After four washes with 6x SSPE containing 0.01% Triton
extraction kit (Gentra Systems, Minneapolis, MN) by following<-100 at 25°C, 6x SSPE containing 0.01% Triton X-100 was
the manufacturer’s instructions. Tumor stages are listed accoagplied to the chip, and the chip was scanned to obtain the
ing to the guidelines from the International Union Against Carmgenotype.
cer(11).

SNP Chip Analyses

Material

Scanning and Genotype Generation

HUSNP probe arrays were scanned with an HP Gene Array
Corresponding normal and tumor DNA samples were assayszhnner (Hewlett-Packard, Palo Alto, CA) according to the
as described in the human SNP (HuSNP) protocol supplied BUSNP Mapping Assay Manual (product 700244; Affymetrix,
Affymetrix, Inc., Santa Clara, CA. Each microarray containebhc.). Typical images are shown in Fig. 1, A. Genotype assign-
1494 biallelic polymorphic sequences randomly distributedents (i.e., calls) were made automatically from the collected
throughout the genome. Twenty-one pools of primer pairs, supybridization signal intensities by GeneChip 3.1 software (Af-
plied by Affymetrix, Inc., were used to amplify each DNAfymetrix, Inc.). Each allele (A or B) of an SNP was represented
sample in a 12.5L reaction mixture for each pool that con-by four or five complementary 20-nucleotide-long probes. The
tained 50-100 primer pairs at 50Mn 5 ng of the DNA to be SNP was at a different position in each probe. Each probe, in
examined, 5 vl MgCl,, all four deoxyribonucleoside triphos-turn, was paired with a probe of the same sequence except for a
phates (ANTPs; each at 0.5v) 1.25 U of AmpliTag® Gold central mismatch at or near the SNP position. These mismatched
(PE Biosystems, Foster City, CA), and the supplied buffeprobes helped us to factor cross-hybridization out of the data
Samples were denatured for 5 minutes at 95 °C; amplified for a@alyses. A series of data quality and pattern recognition tests
cycles at 95°C for 30 seconds, 52°C increased by 0.2°C prust be passed before the software can make a genotype call.
cycle for 55 seconds, and 72°C for 30 seconds; amplified fdhe pattern recognition component of the software relies on the
five cycles at 95°C for 30 seconds, 58 °C for 55 seconds, arelative allele signal determined for each SNP and is further
72 °C for 30 seconds; and then extended at 72 °C for 7 minutdescribed in the HUSNP Mapping Assay Technical Note, avail-
Each pool was diluted 1:1000 in double-distilled® and then able from Affymetrix, Inc. (product 700318). This analysis can
2.5 pL of this dilution was transferred to a new plate and anprovide six possible calls: no signal, AA, BB, AB, AB_A (i.e.,
plified in a 254.L reaction mixture containing 0.8M biotinyl- AB or AA), and AB_B (i.e., AB or BB). We considered no
ated T7 primers, 0.8.M biotinylated T3 primers, 4 M MgCl,, signal, AB_A, and AB_B calls to be noninformative. For all
all four dNTPs (each at 0.4 k), 2.5 U of Tag polymerase, and calculated results in this article, we used the calls generated from
the supplied buffer for 8 minutes at 95 °C. These products wetee software of Affymetrix, Inc. Allelic imbalance is defined as
further amplified for 40 cycles at 95 °C for 30 seconds, 55 °C faall AB in DNA isolated from blood and call AA or BB in
90 seconds, and 72 °C for 30 seconds and then extended at 726€esponding DNA from the tumor, indicating the loss of one
for 7 minutes. After this reaction, 1.aL from selected pools allele or the amplification of the other allele. Fig. 2, B, shows
was tested for amplification by electrophoresis in a 4% agard§®,mor — Poicoal Values for chromosomes 6 and 9 in
gel. The remaining products of all 21 polymerase chain reactions tumors and T2—4 tumors. We uspd/dlues(4) (wherep'is

Journal of the National Cancer Institute, Vol. 94, No. 3, February 6, 2002 ARTICLES 217



Normal Tumor

1
|
l

¢
[l
¥

A 607 607-2
; A *
WIAF 1014 : , .
* Retention
B
T TF A ..
WIAEF 2953 v Allelic imbalance
WIAF 1021 A . .
B Not informative
B
Chromosome 6 Chromosome 9
MB 172 501 607 704 839 1033 MB 172 365 501 607 839 1033 225 444
e = M ol =[5 | H S [= =]
23 106 il T |
& . 22 = || -

[T I

L

]

[ I
=
Iglil [ 11
[THT 1T 11
|
[
Ik
| I |
|
i
| Wi

=1
=5 e
w08
(=01
s
TRO 480
8o S0
ET 26
s @29
105 s = a1
108 2] k] —
107 24 B34
1134 05 _
114.0) sl | | L =
0
o na 2] ||
1184 ma
1164
126 3 —— j

| |

|

1 |

L
LT

[T
1 |

e —_—
:=3)
A
|0
53
1310 3 — 1
133 9) 1
130 21 4
1y =] o = | il |
148 3 101 B
152 0) 1021
158 4| 104 7} L
161 4] 106 65} T
162 7] 108 8|
163 6} 106 8]
165 2 ) 106 5] | —
166 of 107 2}

Fig. 1. Single-nucleotide polymorphism (SNP) data detected on arrays ah@21. Data show retention of heterozygosity at WIAF 1014 and allelic imbalance
sorted by chromosomé\) Representative images of SNP arrays show fluorest WIAF 2953, whereas data show homozygosity at WIAF 1021, which is
cent signals at three different SNPs identified by their WIAF numbers (WIAF isoninformative regarding allelic imbalancB) Allelic imbalances at chromo-
the name of a collaboration of Whitehead Institute and Affymetrix, Inc., and albmes 6 and 9 are calculated by software from Affymetrix, Inc. For patients with
of the SNPs at the array are assigned a WIAF numhesft: DNA from the two tumors, theleft column illustrates the T1 tumor and theght column
blood of patient 607Right: DNA from the muscle-invasive tumor (patient 607, illustrates the T2—4 tumor&lack = loci showing allelic imbalancedark gray

visit 2). White = high fluorescence. Alleles A and B are present in normal DNA= noninformative locijlight gray = loci with retention of heterozygosity. MB
hybridizing to WIAFs 1014 and 2953, and only allele A is present at WIAF= megabase(s).
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i

a numerical value between 0 and 1 that represents the heterdareres = [ Pumor — Poiooal @Nd N is the number of different
gosity of an individual SNP) obtained from the HUSNP™ LOHbrobes for one locus). This value represents the deviation from
Utility version 1.0 software supplied by Affymetrix, Inc., fornormal (blood), where high values are weighted most. Only
quantifying the relative allele signals and informative markehromosomes with more than four informative markers are in-
(of genotype AB in the blood sample). The absolute differenctuded. Thep“values tend to segregate into three clusters that
between thep Values from tumor samples and from the correzorrespond to the three genotypes AA, AB, and BB. Values
sponding blood samples gave the values of relative imbalanckse to 0 indicate BB, values close to 1 indicate AA, and in-
The values are plotted for each chromosome, according to teemediate values indicate AB. The absolute value of the differ-
position of the SNPs, by use of the mapping described below. &nce between blood and tumor values, therefore, gives a mea-
combine the values from each chromosome, we used the formsi@e of the shift from balanced heterozygosity toward allelic

imbalance. Because Values are calculated by use of the ratio

between the intensity of the A and of the B allele probes, it is not

S+ ... o9 possible to distinguish between allelic loss and gain.
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Fig. 2. A) Microsatellite analyses at the p end of chromosome 6. Nine musclend the T2—4 tumorright). They-axis (lack bar) represents the full chromo-

invasive (T2-4) and 13 noninvasive (Ta) tumors were examined.ABllelic

some with the p end at the top. All informative markers are showtoés and

deletion; RH= retention of heterozygosity; & noninformative (homozygous thedistance from the black barindicates allelic imbalance. Only patients with

or microsatellite-instable). The microsatellite and distance from the p end t@fo visits are included. Data from tumors that show indications of total chro-
chromosome 6 in megabases is shown atdpeB) Values of relative imbalance mosome loss are marked *.
(1 Prumor — Poioodl ) for chromosomes 6 and 9 are shown for the T1 turfeft)(

For genomic mapping of the markers, we used the positionBcrosatellite Analyses
from the SNP database at the National Center for Biotechnology
Information (NCBI, Bethesda, MD), build 92, contig build 21 DNA isolated for SNP analysis was used for microsatellite
(http://www.ncbi.nlm.nih.gov/SNP/). Only SNP markers wittanalysis. Primers were selected near the SNP loci from the home
no more than one hit were used, except where differencespiage of the NCBI. PCR amplification, electrophoresis, and scor-
position did not influence the order of the SNP markers usediimg were carried out as described ear(i. Allelic deletion was
this study. This strategy allowed mapping of a total of 1075 SN#efined as the loss of a statistically significant part of one allele
in tumor DNA compared with corresponding normal DNA. Tu-

markers.
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mors with microsatellite instability were considered to be noimbalance in the previous T1 tumor. In the T1 tumors from these
informative (2). eight patients, we found allelic imbalance at a total of 146 loci.

In the subsequent T2—4 tumors in these patients, 21 (14%) of
these loci were heterozygous, 26 (18%) were noninformative,

Exons 5, 6, 7, and 8 of p53 were sequenced. Fragments r@ﬁd 99 (68%) had_allelic imbalance. In six of_ the eight patients,
resenting each exon and its adjacent intron—exon boundafg&0 to two allelic imbalances were present in the T1 tumor but
were generated by PCR. Primers were as follows: p53 exof'@t in the T2—4 tumor. In two patients, more than.two allelic
and 6 sense= 5-TCTTTGCTGCCGTGTTCCAGTTG-3and imbalances were present in the T1 tumor but not in the T2—4
antisense= 5'-CTTAACCCCTCCTCCCAGAGACCC-3 p53 tumor (four such loci in patient 172 and 11 in patient 839). Thus,
exon 7 sense= 5'-CAGGTCTCCCCAAGGCGCACTG3and these data indicate the mutual clonal origin of the T1 and T2-4
antisense= 5-CAGGGGTCAGCGGCAAGCAGAG-3 and tumors in individual patients.
pS3 exon 8 sense= 5'-GTAGGACCTGATTTCCTTACT-  Ajigjic Imbalance Frequency, Tumor Stage, and TP53
GCCTCTTGC-3 and antisense= 5'-ATAACTGCACCCTTG- 1. tations
GTCTCCACCGC-3. DNA was sequenced by using the DNA
chain-terminating method, the BigDye Terminator Kit (Perkin- In general, we could subdivide the tumors into those with 32
Elmer, Foster City, CA), and the ABI 377® sequencer (Appliedr fewer imbalances and those with 33 or more imbalances, as
Biosystems, Foster City, CA). For data analysis, we used thell as into superficial and muscle-invasive tumors. The number
Sequence Navigator® program (Applied Biosystems). The s2 was chosen because the allelic imbalances cluster into a
quences were compared with sequences obtained from Gligth-frequency group and a low-frequency group (meaB2.3
Bank. allelic imbalances). It was remarkable that the group of stage T1
tumors contained tumors with both low and high frequencies of
allelic imbalance, as did the stage T2—4 tumors. The level of

We used Fisher's exact test for analygid x 2tables and the allelic imbalance was generally higher in T2—4 tumors than in
Mann_WhitneyU test for nonparametric Comparison Of tonl tumors but not StatiStically Signiﬁcantly so. We then- Se'.
datasets. For the Mann-Whitnéytest, we used the Statisticalguenced the TP53 gene and found four TP53 gene mutations in
Package for Social Sciences (Chicago, IL). All statistical analy1 tumors and four in T2—4 tumors (Table 1). All tumors with
ses were two-sided. The two-sided value in Fishers exact t8§mozygous TP53 gene mutations (loss of one allele and mu-

Sequencing

Statistical Analyses

was found by multiplying the one-sided value by 2. tation at the other) showed allelic imbalance of 17p. Tumors
with high allelic imbalance showed homozygous TP53 muta-
REsSuULTS tions more often than tumors with low allelic imbalané® €

.005; two-sided Fisher’'s exact test), consistent with our recent

All genotype calls presented below were generated by ffgings of both chromosomal stable and unstable muscle-
software from Affymetrix, Inc. These data were then compared

with data calculated by the use of an alternagivenéthod, de-
scribed above. Table 1.Total No. of allelic imbalances and status at the TP53 locus in
each tumor*

SNP Array Analysis

TP53 Status

We used SNP arrays to scan the genome for allelic imbal-

ances in patients with stage T1 bladder cancer that had prgtiem No- VisitNo. Stage Al total No. SNP Mutation

gressed to higher stages. The SNP array, containing 1494 biat1 1 T1 2 NC
lelic polymorphisms randomly distributed in the genome, wag72 3 Tl 5 NC
hybridized with the pooled products of 21 multiplex PCRs. Th@ég i % g ',::g GG.TT 919 (He)T
mean number of successfully identified calls was statisticallgg7 1 T1 9 NC
significantly lower in tumor samples (1191 calls) than in blood704 1 T1 11 NC C-T 742 (He)t
samples (1226 callsP(= .009, Mann-Whitney test). In total, 1033 1 T1 48 Al G- C 396 (Ho)§
the median number of heterozygous loci was 343 (raagg09 839 1 1 57 Al Del C 482 (Hd)
to 370) of 1204 correctly identified loci. 172 4 T2-4 2 NC

341 1 T2-4 6 NC
Detection of Allelic Imbalances Generated by Affymetrix 444 1 T2-4 8 NC
Calls 365 3 T2-4 14 NC

704 2 T2-4 15 NC C.T 742 (He)t

: : . 25 5 T2-4 18 NC

~Inthe eight T1 tumors examined, allelic imbalance was found?~ 3 Toa 26 NG GCTT 919 (He)t
in a median of 8.5 loci (range= 2 to 57) in 348 informative loci 607 ) o4 37 NG
(median; range= 327 to 368 informative loci). I.n the 11_ T2-4 ¢4y 5 To—a 47 AUNC
tumors examined, allelic imbalance was found in a median of 2833 2 T2-4 55 Al G- C 396 (Ho)§
loci (range= 2 to 85) in 329 informative loci (median; range 839 2 T2-4 85 Al Del C 482 (Hd)

309 to 370).
Eight patients had one T4 and then a T2-4 tumor that ye, - Mo utor e, e miton e
COL."d .examm.e'.ln these T2-4 tumors, we fpund a total of 2 GG- TT mutation at nucleotide 919 (alanine-39%erine, splice mutation).
loci with allelic imbalance. At these 281 loci, 123 (44%) Were tc 1 mytation at nucleotide 742 (arginine-248ryptophan).
heterozygous in the previous T1 tumor, 59 (21%) were noniN-§G_.c mutation at nucleotide 396 (lysine-13asparagine).

formative (AB_A, AB_B, or no signal), and 99 (35%) had allelic ||Deletion of C at nucleotide 482 (stop codon at position 169).
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invasive tumorg2). We found no association between number@atient 501, visit 5; patient 607, visit 2) (Fig. 1, B). Chromo-
of allelic imbalances and sex, age, numbers of tumors, tirmeme 8 had hot spots at 20.2-28.2, 80.3-92.8, and 118.6-127.5
interval between tumors, outcome of disease, coexistenceMiB, and one T2-4 tumor (patient 1033, visit 2) had lost or
carcinomain situ, or smoking habits. It should be noted, howgained an entire chromosome 8. Chromosome 9 had hot spots at
ever, that the sample was too small for firm conclusions to 4€.0-48.0, 70.5-82.1, and 102.1-106.6 MB (Fig. 1, B), and two
reached. tumors (patient 501, visit 5; patient 607, visit 2) had lost or
gained an entire chromosome 9 (Fig. 1, B). Chromosome 11 had
an allelic imbalance hot spot at 11.1 MB, and chromosome 17
had an allelic imbalance hot spot at 0.9-3.8 M alsovww.
d\[lDL.DK/sdata.html).

Because the p end of chromosome 6 was often affected and
t

chromosome 1 (3%, two of 69 informative loci) to 26 loci with us constituted a new area of interest in bladder cancer, six

llelc imalance on chromosome 6 41526 o3 mormaBI %81 B2 1 1S 000 10 ranned B i L0
loci). To define chromosomes with common allelic imbalance i ’

bladder cancer. we searched for chromosomes with a total of &€ observed in at least one microsatellite in eight of these nine
’ fnors. The three microsatellites that were most frequently de-

least 25 allelic imbalances in at least four patients and found t %

chromosomes 6, 8, 9, 11, and 17 fulfilled these criteria (Tableﬁgid rvverr(]a <\al\>/<a(;n|r:]ed 'Irll ?i n((ajvvl St?t rc:f 1|?;iTa2tqur_ls_hli\locri1ifef Orf trr:ese
Examining the allelic imbalances that occurred during dise ors showed any allelic deletions (Fig. 2, A). This difference

progression from superficial stage T1 tumors to muscle-invasi%aIIeIIC imbalance between Ta and T2-4 was highly statisti-

stage T2-4 tumors revealed no new commonly affected chﬁ?—”y significant £<.001; two-sided Fisher's exact test).
mosomes (Table 2). Association of SNP Findings and Microsatellite-Based

The chromosomes with frequent alterations sometimes h@yatection of Deletions
bored hot spots for allelic imbalance, which may contain can-
didate tumor suppressor genes. Chromosome 6 had allelic im-To verify that the SNP array-based detection of allelic im-
balance at 11.1-22.3, 40.0-40.8, and 158.4-165.2 megabdsdance was comparable to a known method, we analyzed mi-
(MB) from the p end and had a total loss or gain in two positiorgosatellites in selected areas of chromosomes 6, 8, 9, and 11. We

Common Regions of Allelic Imbalance Defined by SNP
Arrays

Allelic imbalance occurred heterogeneously in all chrom
somes, ranging from two different loci with allelic imbalance on.

Table 2. Allelic imbalances and chromosomal location of the single nucleotide polymorphisms*

No. of allelic imbalancest

Stage
pPt. 172, Pt 365, Pt 501, Pt 607, Pt 704, Pt 839, Pt 1013, Pt 1033, Pt. 225 Pt 341, Pt 444,
Vt. 3,4 Vt. 1,3 Vt. 1,5 Vt. 1,2 Vt. 1,2 Vt. 1,2 Vt. 1,3 Vt. 1,2 Vt. 5 Vt. 1 Vt. 1 Tl  T2-48

Chr 1 —_ 1,1 —_ —_ —_ 1,1 —_ —_ — — 1 2/2 3/3
Chr 2 —_ —_ —_ —1 —_ 3,2 1,3 —_ 3 — 2 4/2 11/5
Chr 3 —_ —_ —1 —1 —_ 1,1 —_ 4,3 — — — 5/2 6/4
Chr 4 —_ —_ —_ —_ —_ 2,4 —_ 3,— — — — 5/2 4/1
Chr 5 —_ —_ —_ —_ —1 —5 —_ —1 — — — 0 713
Chr 6 1,1 —_ —11 2,7 —1 3,7 o 2,1 — — — 8/4 28/6
Chr 7 —_ —_ —_ —_ 1,2 —,10 —_ —_ 1 — 1 1/1 14/4
Chr 8 1— —_ —_ —_ —1 2,4 —_ 3,12 2 — 1 6/3 20/5
Chr 9 —1 3,7 —8 1,9 —_ 2,1 —_ 2,2 1 — 1 8/4 30/8
Chr 10 —_ —_ —_ —_ —_ 3— —1 —1 — — — 3/1 2/2
Chr 11 1— 2,3 —5 —_ —_ 8,9 —2 —_ — — — 11/3 19/4
Chr 12 —_ 1,— —_ —_ —_ —_ —_ 12 — — 1 2/2 3/2
Chr 13 1— —_ —_ —_ 1— 3,4 —3 —_ 1 — — 5/3 8/3
Chr 14 —_ —_ —_ —3 —_ —_ —_ 9,9 — — — 9/1 12/2
Chr 15 1— —_ —_ —1 —_ —7 —_ —_ — — — 11 8/2
Chr 16 —_ —1 —_ —_ o 2,— 11 —_ — — — 3/2 2/2
Chr 17 —_ —_ —4 1,1 —_ 6,7 11 2,4 — — — 10/4 17/5
Chr 18 —_ , —_ —_ 4,3 3,3 —_ —_ 1 1 — 712 8/4
Chr 19 —_ —_ —2 —_ o —_ —_ —1 — — — 0 3/2
Chr 20 —_ —_ —_ —_ —_ 3— —_ —_ — — — 3/1 0
Chr 21 —_ —_ . —_ —_ —_ —4 , — — — 0 4/1
Chr 22 —_ : 1,— \ 1— —_ \ —_ — — — 2/2 0
Chr X —_ —_ —_ —_ —_ 1— —_ 11 — 1 — 2/2 2/2
Chr ? —_ 1,2 1,16 5,14 4,7 14,20 3,11 21,18 9
Total| 5,2 8,14 2,47 9,37 11,15 57,85 6,26 48,55 18

*For most patients, two tumors sampled from two different visits were examined. patient; Vt. = visit; Chr = chromosome.

TNumber of allelic imbalances detected in the single chromosome in the single patieatne-allelic imbalances detected.

FTotal number of allelic imbalances in T1 tumors/number of T1 tumors with allelic imbalance.

§Total number of alleles lost in T2—4 tumors/number of T2—4 tumors with allelic imbalance.

| Total number of allelic deletions in the single tumor.
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found that the two methods agreed at 22 of 25 loci. The diffetion of one allele and the loss of the other allele. TP53 is com-
ences may be a result of either errors in mapping or the diffenonly inactivated in bladder cancé3), and these data clearly
ential sensitivities of the two methods. demonstrate that this inactivation may be closely associated with
genomic imbalance because p53 is a quality-control gatekeeper
that directs cells with allelic imbalances into apoptddi4). A
similar association between TP53 mutations and a high fre-
To quantitate allelic imbalance with respect to chromosom@#ency of loss of heterozygosity has been observed in lung
location, we calculated the differenceprvalues between tumor cancers (deletions on 3p, 5q, 9p, 11p, and chromosome 17) and
and blood. The values for each chromosome were combined #héiver cancers (deletions of 9p21-p23 and 16¢21—{23)16).
plotted (Fig. 2, B). These plots offer an overview of the data foi/e observed four areas commonly affected at the p end of
each chromosome and can easily be used to identify hot spot§fafomosome 6. These areas were more common in T2—4 tumors

Detection of Allelic Imbalances as Generated Fronp™
Values

imbalance. than in Ta tumors, indicating that allelic imbalance in 6p is a late
event in bladder cancer. Chromosome 6 is frequently altered in
DiscussionN ovarian cancer, and such alterations are associated with aggres-

. . . siye serous-type ovarian carcinom@g). No oncogenes, how-
The SNP array method is fast and reproducible. This methgg . have been detected on chromosortEs. Multiple genes

can b.e introduced in a more clinical sett@ng because throughw h a potential impact on carcinogenesis, including genes for
time is shorter than that for microsatellite-based analyses al% othelin-1. AP-a. E2F3 multiple differen’t histones. Kinases

erX|_b|I|ty with respect to the genomic chat|0n of SNPs s esmoplakin, and neuritin, are situated between 0 and 30 MB
equivalent. In the future, it should be possible to fabricate high-

density SNP microarrays for predefined chromosomal locatio
which could make noninformative areas informative.

We attempted to quantify the allelic imbalance by usjng
values obtained directly from the HUSNP™ LOH Utility versio

1.0 software supplied by Affymetrix, Inc. Thevalue reflects be stressed that relatively pure tumor tissue must be used for the

the relative allele intensity, expressed as a value between 0 ) tiplex PCR because contamination with 20% or more normal

1. Using thep'values instead of the genotype ca_lls from a COMssue statistically significantly affects the precision of the assay
puter program allowed us to obtain information from mor%

markers because many tumor samole calls did not pass the 1) Therefore, we cannot exclude the possibility that more al-
y P P ered loci would have been detected if completely pure tumor

fymetrix software quality tests. Although the nature of theSceells, which are difficult to obtain from clinical samples, had

tests is not publicly available, we believe that these failures Wel&en used. Results of standard microsatellite and restriction frag-

g?%i?g}g?’gﬁ :?P;ﬁ]m}';?tg?a?; t?én?lzgglr’/_'\irmﬁ?a?i;m?m?n;]%lfment length polymorphism analyses, which can tolerate more
' P'e, g 'ymp co?taminating normal tissue, parallel our findings.

cytes, leading to a reduced and not completely absent signa n conclusion, we have demonstrated that SNP arrays can

from the allele lost in the tumor cells. The reduced but Stllgetect allelic imbalance in bladder tumors, we have confirmed

detecta_ble 5|gn_al makes the call uncertain; thus, 1tis rejepted. kRbwn areas of chromosomal losses, and we have identified new
assessing allelic imbalance, however, we empirically find th

useful information is lost. A graphic plot of the mapyalues gFeag .Of qllelic imbalance on chromosome 6. Two groups can be
makes it easier to identi.fy lost areas in tumors that may ho:ﬁ(jfmmed " bOth. stage T1and stage T2 wmors, one with smaller
important tumor suppressor genes mbe'rs. of allelic |mba!ances anq the other with larger numbers
oo ; o . of allelicimbalances. Itis interesting that both TP53 alleles were
Our data are in line with previous studies of bladder canc

(8,9) that detected imbalance at chromosomes 8, 9, 11, 13 ell%r ctivated in tumors with  large number of imbalandes=(
) T T 5). Thus, SNP arrays are feasible for high-throughput, ge-

17 by use of comparative genomic hybridization. It is presentlr}/

unclear why these chromosomes are altered. but chromoso ome-wide screening for allelic imbalances, and arrays with
y . OGRer SNP density should provide even more detailed informa-
1, 2, and 5 are rarely altered. Although various mechanlsrﬁ

. S . . n on chromosomal events.
leading to genomic imbalance, such as mutations in the ana-

phase-promoting comple 2), have been examined, the actual

mechanisms are still unknown. The RB gene on chromosomeRBFERENCES
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