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Alterations of the 9p21 and 9933 Chromosomal Bands in
Clinical Bladder Cancer Specimens by Fluorescence
in Situ Hybridization *

Walter M. Stadler,2 Gary Steinberg, strengthen the hypotheses thatCDKN2 and DBCCR1 are

Ximing Yang, Fitsum Hagos, Craig Turner, and important tumor suppressor genes, there is no evidence that
Olufunmilayo 1. Olopade either is a more critical or an earlier target for oncogenesis.
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Molecular Genetics [W. M. S., O. I. O.], University of Chicago, first and most common genetic loss identified in bladder cancers
Chicago, llinois 60637 (1). This observation has since been extended through®LOH
studies, which reveal that LOH for chromosome 9 markers
ABSTRACT occurs in~70% of cases (2-5). In the majority of tumors, all
informative markers exhibit LOH, suggesting that an entire
chromosome 9 has been deleted. Fine mapping of tumors with
smaller deletions has helped identify @BNK2Agene on 9p21
as the principal target gene on the short arm (6—CDKN2A
encodes two alternatively spliced proteins, p16 and”pT4
(p19°RF in murine systems). These two proteins are encoded in
different reading frames and thus have no homology. They are,
however, both important in cell cycle regulation and cellular
senescence, with p16 a critical component of the pRb pathway
and p14=F a critical component of the p53 pathway (12—14). A
number of mechanisms fa€DKN2A inactivation in bladder
cancer have been described including hemizygous deletion and
point mutation of the remaining allele, homozygous deletion,
and promoter methylation (6—11).

It is likely that several target genes on the long arm of
chromosome 9 are important in bladder cancer oncogenesis,
with one potential candidate beingBCCR1on 9933 (15).
Although the function of this gene is not clear, itis in a common
region of hemizygous deletions, and both homozygous deletions
and methylation-based silencing have been described (15, 16).
Conclusions: This study strengthens the proposition Despite extensive work with LOH studies and identifica-

that chromosome 9 losses occur early in bladder oncogenesis tion O.f putative tgmor SUPPressor genes, a m.me.er. of relevant
and before p53 alterations or development of aneusomy. The questions regarding chromosome 9 deletions in clinical bladder

correlation of aneusomy 9 with p53 abnormalities is consist- cancer remain:d) it remains unclear whether deletions on the

ent with the presumed role of p53 in maintaining cytogenetic "9 OF short arm occur in any particular sequends); the
stability. Although the observed homozygous deletions incidence of homozygous deletions, espec_lall)_/ at 9q33, IS not
well known. This occurs because contamination with a rela-
tively small population of normal cells or tumor heterogeneity in
which only a small clone of cells has a homozygous deletion
obscures detection of such deletions with typical DNA-based
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Purpose: To better define cytogenetic mechanisms of
CDKN2loss at 9p21 and oDBCCRL1loss at 9933 in bladder
cancer, and to determine correlation with p53 and pRb.

Experimental Design:Two-color fluorescencen situ hy-
bridization (FISH) using a chromosome 9 centromeric probe
and locus-specific probes was performed. p53 and pRb were
assessed by immunohistochemistry.

Results:Thirty-seven of fifty-five (67%) samples exhib-
ited 9p21 loss, and 32 of 44 (73%) exhibited 9q33 loss.
Twelve of 43 informative samples exhibited only 9p21 loss (5
cases) or only 9933 loss (7 cases). Homozygous deletions
were noted at 9p21 and 9933 in 31 and 14% of cases,
respectively, but 933 homozygous deletions were generally
observed in only a minor clone. There was no correlation of
any chromosome 9 loss with stage, but stage did correlate
with chromosome 9 ploidy status; aneusomy 9 was observed
in 33% of T, lesions and 71% of more advanced caseP =
0.01). Aneusomy 9 was loosely correlated with p53 abnor-
malities (P = 0.07), but no correlation between any chro-
mosome 9 and pRb abnormalities was discerned.
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that reveal an allelic imbalance rather than outright loss of anwho had no evidence of transitional cell cancer. These anony-
allele. mous samples were all removed for clinically indicated reasons
Some of these issues can be addressed by FISH studies. @d destined to be discarded. Touch preparations of the urothe-
number of such studies have already been published (17-23)al surface was performed in the same manner as above. A total
The majority have used only a centromeric probe specific forof 55 tumor samples were examined with the following stages:
chromosome 9. Those studies that have used specific probes 8 T, (1 ungraded, 10 grade 1, and 7 grade 2),,¢ 10 T, (1
genetic regions have not examined the putative 9p21 and 9p3grade 1, 4 grade 2, and 5 grade 3), and 21 invasive cancers, of
tumor suppressor genes simultaneously, and thus the relatiofthich 2 had positive nodes. Because of limited sample in some
ship of alterations in these regions is unknown. Finally, FISH-cases, not all specimens were used for both 9p21 and 933
determined aberrations have generally not been analyzed ianalysis (see “FISH” and “Results” below).
concert with evaluation of other known genetic alterations, of ~ FISH. Slides with dried touch preparations were washed
which p53 and pRb are likely the most important to bladderin PBS at 37°C for 10 min, and cells were lysed with 0.075
oncogenesis. This is especially critical because pRb alteration§Cl for 10 min at 37°C. After a brief rinse in distilled water,
generally occur only in tumors without p16 alterations (&t slides were fixed for 10 min in fresh 3:1 methanol:glacial acetic
versd. In addition, aneuploidy in general, which may or may acid at room temperature. If not immediately used for hybrid-
not be specifically related to chromosome 9 aneuploidy, isization, slides were dried and stored a20°C for up to 12
correlated with p53 alterations in many cancers, including bladmonths. Immediately prior to hybridization, slides were treated
der cancer (24, 25). with 130 wg/ml RNase in X SSC at 40°C for 1 h; washed
To address these issues, we analyzed FISH-determineggduentially in X SSC and 70, 80, and 95% ethanol at room
chromosome 9 alterations in a series of bladder cancers by usirigmperature; and then denatured at 70°C in 70% formamide/
touch preparations of fresh as well as frozen clinical specimen$0% 4x SSC for 2 min prior to washing in graded alcohols a
and correlated our findings with pRb and p53 alterations, asecond time. Slides were kept at 40°C until hybridization was
determined by immunohistochemistry. The use of touch prepacompleted.
rations was chosen to circumvent difficulties in interpretation ~ The used probes were a commercial directly labeled (Spec-
attributable to sectioned nuclei and lower hybridization efficien-trumOrange) 9 centromere probe (CEP9; Vysis, Downers
cies in standard pathological specimens. We performed twoGrove, IL), a 9p21 PAC (76115) isolated from a commercial
color FISH with a chromosome 9 centromere probe and a PAGiuman PAC library (Incyte Genomics, Palo Alto, CA), and a
specific for the CDKN2 region, as well as a chromosome 9 9933 PAC (280C3) spanning tiBCCR1locus obtained from
centromere probe and a PAC specific for BBCCR1region. M. Knowles (Imperial Cancer Research Fund Cancer Medicine
We confirm that chromosome 9 loss is present in the majority ofResearch Unit, St. James’ University Hospital, Leeds, United
samples and that there is no correlation with stage. We alséingdom Britain). Locus specificity was confirmed on a regular
show that both 9p21 and 9q33 homozygous deletions are deasis throughout the period of study by FISH hybridization to
tectable, lending further support to the hypothesis that 9g33netaphase spreads of normal human lymphocytes. PACs were
contains an important tumor suppressor gene. Fina”y, we derﬂﬁb&"@d by nick translation with inclusion of biotin-labeled

onstrate that chromosome 9 aneuploidy is common and corredUTP (Boehringer Mannheim). Selected samples underwent
lates with p53 abnormalities. three-color FISH, in which 9p21 and 9933 probes were nick

translated separately with biotin- and digoxigenin-labeled
dUTP, respectively, and then used with a directly labeled Spec-
PATIENTS AND METHODS trumAqua 9 centromere probe (CEP9 9SA; Vysis).

Patients and Samples. Investigations reported here were Probes were detected by incubation with avidin-FITC or
approved by the University of Chicago Institutional Review anti-digoxigenin-rhodamine, and counterstaining was per-
Board. All tumor samples were obtained from patients underformed with 4,6-diamidino-2-phenylindole. Image capture for
going clinically indicated cystoscopic resection or cystectomypresentation purposes was performed with a Photometrics CCD
for bladder cancer. For fresh samples, tissue in normal salineamera, and image enhancement was performed with Adobe
was immediately transported to the research laboratory after thBhotoshop version 4.0. Fifty to 200 cells with intact nuclei, as
resection. Touch preparations were made by gently pressing thessessed by 4,6-diamidino-2-phenylindole staining, from each
urothelial surface of the specimen on standard microscopsample were counted. Twenty-two % of the samples were as-
slides. The sample was then immediately transported to theessed independently by two observers, and the results were
pathology laboratory for standard pathological analysis. Slidesveraged. Interobserver variability was low, and disagreement
were allowed to dry for 3-5 min and then fixed and processedver classification of a tumor sample as “abnormal” in any
for FISH analysis. Frozen samples were generally collectegparameter, as defined in “Results” below, occurred in only 2
from obvious tumor regions from cystectomy specimens in thecases. In both cases, one observer noted homozygous 9p21
pathology laboratory, embedded in tissue freezing medium (Tri-deletion in a minor clone, whereas the other observer noted only
angle Biological Sciences, Durham, NC), flash frozen in liquid hemizygous losses.
nitrogen, and stored at80°C for up to 5 years prior to use. To Immunohistochemistry. Slides were prepared from par-
process for FISH, a portion of the sample was thawed in PBS a&ffin-embedded blocks confirmed to contain tumor on standard
room temperature, and touch preparations were prepared &4&E staining. Serial sections were subjected to antigen retrieval
above. For normal control urothelial samples, we used anonyin citric acid buffer (pH 6.0) and hybridized with the primary
mous sections of ureter from patients undergoing a nephrectomgntibody at 4°C overnight. For p53 stainingug/ml antibody
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Fig. 1 Representative examples of FISH staining
for 9 centromere red) and 9p21 @reer) in a
normal ureter ) and a tumorB). Doublet signals
(arrowsin A), likely representing hybridization to
two chromatids from a single chromosome, where
counted as one signal. By thearrowheadshows

a cell with evidence of 9p21 homozygous dele-
tion, and thearrow shows a cell with a 9p21
hemizygous deletion.

2 (clone 1801; Oncogene Research, Boston, MA) or@bnl the tumor cells stained. Differences in staining pattern between
antibody 6 (clone DO1; Oncogene Research Products, Bostorthe two p53 antibodies generally consisted of weak staining with
MA) were used. For pRb staining, Ojgg/ml G3-245 (PharM-  the DO1 antibody and absent staining with the 1801 antibody.
ingen, San Diego, CA) was used. Visualization was accom-These cases were all considered to be negative (interpreted as
plished by hybridization with biotinylated antimouse 1gG (Vec- wild-type p53). As reported previously, slides stained for pRB
tor Laboratories), followed by incubation with avidin-labeled were scored as absent staining (0), normal staining)(or
horseradish peroxidase and using’3Jaminobenzidine as a intense staining (2; Ref. 26).
chromagen (Vector Laboratories). All slides were counter-
stained with hematoxylin.

Tumors were considered positive for p53 (interpreted asRESULTS
mutant p53) if >10% of the tumor cells stained and were Chromosome 9 FISH: Normal Controls. To character-
considered negative (interpreted as wild-type p53¥10% of ize our FISH assay, we determined hybridization patterns in 25
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Table 1 FISH results for normal control ureters in a minor clone of cells (typically 10-20% of the sample),
Homo. 9p21 and homo. 9g33 indicate the percentage of cells withwhereas 9p21 homozygous deletions could be found in up to
detectable centromeric signal but no specific regional signal. Spai 78% of the cells in a sample. Monosomy 9 (as defined by only

and 9g33< 9c indicate the percentage of cells with fewer specific s - L
regional signals than centromeric signals=9& and 9c> 2 indicate the 1 centromeric signal) was found in only a minority of samples

percentage of cells with monosomy 9 or aneusomy 9 as detected by tH#ith a higher incidence in Jthan all other stages (22%ersus
centromeric signal. 5%, two-sidedP = 0.08). Conversely, aneusomy 9 (as defined

by greater than two centromeric signals) occurred less fre-

Homo. Homo. 9qg33

9p21  9p21< 9c 9933 < 9c 9c=1 9¢c>2 quently in T, than in all other stages (33%ersus71%, two-
Median 0.0 1.0 0.0 15 1.0 1.0 sidedP = 0.01). It is important to note that although 72% of all
Mean 0.2 1.4 0.8 1.9 0.8 1.3 samples had evidence of some 9p loss (monosomy 9 or under-
SD 0.4 15 23 19 0.8 17 representation of 9p21 relative to CEP9 or 9p21 homozygous

deletion), only 3 of 55 samples exhibited monosomy 9 as the
sole evidence of this loss.

Immunohistochemistry for p53 and pRb. Table 2
independent, anonymous, normal ureter samples. Normal sangjves results of p53 and pRb staining by stage. Absent pRb
ples were randomly interspersed with the tumor samples. Oktaining was noted in 1 of 14, Bamples/ersus9 of 29 samples
these, 22 were analyzed with combined CEP9/9p21 probes, 1Rith higher stagesR = 0.13, two-sided Fisher's exact test). If
were analyzed with combined CEP9/9q33 probes, and 12 wergyerexpression of pRb is also classified as abnormal (26), 5 of
analyzed with both sets of probes. Figh dhows an example of 14 T_and 15 of 29 higher stage samples were considered to be
a CEP9/9p21 FISH of a normal sample. Chromosome 9 deletiojtered P = 0.35, two-sided Fisher’s exact test). As in previous
characteristics were categorized as 9p21 homozygous deletiorgydies, p53 positivity correlated with stageé & 0.06, one-

(no 9p21 signal in the presence of at least one chromosome ided Fisher's exact test for pVersusall others). Because p53
centromere signal), 9p21 signals less than 9 centromere signalgbnormalities have been correlated with aneuploidy (24, 25) we
9933 homozygous deletions, and 9933 signals less than 9 cegxamined the correlation of p53 immunohistochemistry with
tromere signals. Table 1 shows a summary of the results anghromosome 9-specific aneuploidy (Tabl&)3There is a bor-
indicates that hybridization and detection efficiency exceededjerline significant trend of increasing aneuploidy with p53
95%. positivity (P = 0.07, two-sided Fisher's exact test). Finally,
Chromosome 9 FISH: Tumor Samples. On the basis of  pecause p16 abnormalities have been correlated with increased
the results from FISH on normal samples, we defined an abnorexpression of pRb antlice versa(27, 28), we examined the
mal tumor sample as one in which the fraction of cells with anycorrelation of pr expression with any 9p21 abnormality (9p21
deletion was>7%. This corresponds to 3 SDs above the meanhomozygous deletion, 9p21 underrepresentation, and mono-
in control samples for the most variable chromosome 9 characsomy 9). Table B reveals that there is no obvious relationship

teristics,i.e., the fraction of homozygous 9933 deletions. Fif. 1 petween these findings in aggregate (or individually) with pRb
shows an example of a tumor sample with 9p21 deletions, angmmunohistochemistry.

Fig. 2 shows the proportion of samples with each of the delin-
eated chromosome 9 abnormalities noted. One result of our
counting mechanism is that some of the abnormal samples ha@lSCUSSION
only a minor population of cells exhibiting the specific chro- As in previous studies, we confirm that chromosome 9
mosome 9 abnormality. However, because no effort was madabnormalities are a common abnormality in bladder cancer and
to enrich the samples for tumor cells beyond simple grosshat there is no relationship between chromosome 9 loss and
inspection, we felt that this counting mechanism was a morestage (Fig. 2), suggesting that this loss is an early event in
sensitive manner in which to detect these changes. Similar tbladder oncogenesis (2, 5, 8, 9, 11, 17, 19, 23). It is important
previous studies using both LOH and chromosomal techniquedp note that chromosomal losses as assessed in this and other
37 of 55 (67%) of samples exhibited relative loss of 9p21FISH studies are not necessarily equivalent to losses as assessed
signals over chromosome 9 centromere signals, and 32 of 44y LOH studies. The latter method assesses relative levels of
(73%) of samples exhibited relative loss of 9933 signals. Thergaternal and maternal alleles within a tumor but is unable to
was no statistical difference in incidence of these findingsdetermine chromosomal number or structure. FISH studies, on
between stages. the other hand, although able to assess aneusomy and are more
Of 43 samples for which there were data on both 9p21 andsensitive for detecting subtle underrepresentation of a region
933 hybridizations, 31 (72%) had concordant findings.(  (e.g.,three specific region signals compared with four centro-
underrepresentation in reference to the chromosome 9 centronere signals), are unable to detect relative allelic contributions
mere probe at both loci or neither locus). In five samples, thereo the visualized chromosomes. Thus, allelic loss followed by
was evidence of underrepresentation of the 9p21 but not thehromosomal duplication may not be detectable with such meth-
9933 locus, and in 7 samples, there was evidence of underreds. Despite these differences, 60—70% of bladder cancer sam-
resentation of the 9933 but not the 9p21 locus. ples can be demonstrated to have chromosome 9 losses whether
Homozygous deletions were also detected at both the 9p2%uch losses are assessed molecularly or chromosomally.
as well as the 9933 loci at a frequency of 31% (17 of 55) and The 20-40% incidence of 9p21 homozygous deletions
14% (6 of 44) with no statistical difference between the stagesobserved here is similar to that observed in other FISH studies
Notably, however, 9933 homozygous deletions always occurreavith bladder cancer specimens (23) but higher than that ob-
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Fig. 2 Chromosome 9 abnormalities in tumor samples by stag21 < 9c and9g33< 9c, percentage of cells with fewer specific regional signals
than centromeric signal®p21 Homozygous Deletiand9q33 Homozygous Deletiopercentage of cells with detectable centromeric signal but no
specific regional signalAneuploid,more than two centromeric signaltkg, only one centromeric signal.

Table 2 p53 and pRb immunohistochemistry staining results by Table 3 p53 and pRb immunohistochemistry staining by
stage chromosome 9 aneuploidy and 9p21 abnormalities, respectively
Fisher's exact test for association of p53 with stage reveais In A, 9c = 2 refers to samples with no evidence of chromosome 9

0.06. An association between stage and pRb staining is not evident. aneuploidy, whereas 9¢ 2 refers to samples with evidence of chro-
_ _ mosome 9 aneuploidy. Fisher's exact test for association of p53 staining
pS3 (1 = 43) PRB @ = 43) with chromosome 9 ploidy reve® = 0.07. In B, 9p21 normal refers to
Negative Positve Normal Absent Increased samples in which the number of 9p21 signals was equal to the number
of chromosome 9 centromere signals, and 9p21 abnormal refers to

Ta 10 4 9 1 4 samples in which there was a relative loss or evidence of monosomy 9.
Teis 4 3 5 1 1 There is no statistically significant relationship between pRb immuno-
LE 3 5 4 2 2 histochemistry and any chromosome 9 loss.

Invasive 4 10 5 6 3

A. p53vs chromosome 9 ploidy

p53 normal p53 increased
served with molecular studies (11, 29). This difference is likely ggi g 13 1;

attributable to technical issues including the ability of FISH to
detect smaller subpopulations. Homozygous deletion obBe B. pRbvs chromosome 9 deletions
CRR1locus has been reported, but only infrequently (16), and

9p21 normal 9p21 abnormal
was observed in only 10—20% of the samples in this study. The
. . . pRb nl 7 16
fact that it was observed in only a minor clone, even when gy, ahsent 2 8
detected, raises the issue of whether this observation was arti- pRb increased 3 7

factual. However, a sample was classified as harboring a 9933
homozygous deletion only if the fraction of cells with such a
deletion was 3 SDs greater than the fraction observed in control

transitional epithelial samples. Although minor differences be-but also other genes or regulatory regions that fail to provide a
tween characteristics of the control and tumor samples could@rowth advantage to cells containing such deletions. Nonethe-
potentially account for the losses, this is thought to be unlikely.less, 9933 homozygous deletions lend further credence to the
It is interesting to speculate on the reasons that only a minohypothesis that a gene localized to this region, such as the
clone harbors 9q33 deletions, but we suspect that a homozygoysoposeddBCCR1gene, is a bona fide tumor suppressor gene.
deletion inactivates not only the target tumor suppressor gene  Our studies also confirm that the majority of cases, even
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