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Evidence for two candidate tumour suppressor loci on
chromosome 9q in transitional cell carcinoma (TCC) of
the bladder but no homozygous deletions in bladder
tumour cell lines

AAG van Tilborg, LE Groenfeld, TH van der Kwast and EC Zwarthoff

Summary The most frequent genetic alterations in transitional cell carcinoma (TCC) of the bladder involve loss of heterozygosity (LOH) on
chromosome 9p and 9q. The LOH on chromosome 9p most likely targets the CDKNZ2 locus, which is inactivated in about 50% of TCCs.
Candidate genes that are the target for LOH on chromosome 9q have yet to be identified. To narrow the localization of one or more putative
tumour suppressor genes on this chromosome that play a role in TCC of the bladder, we examined 59 tumours with a panel of microsatellite
markers along the chromosome. LOH was observed in 26 (44%) tumours. We present evidence for two different loci on the long arm of
chromosome 9 where potential tumour suppressor genes are expected. These loci are delineated by interstitial deletions in two bladder
tumours. Our results confirm the results of others and contribute to a further reduction of the size of these regions, which we called TCC1 and
TCC2. These regions were examined for homozygous deletions with EST and STS markers. No homozygous deletions were observed in 17
different bladder tumour cell lines.
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Bladder cancer is the fifth most common cancer in males. Ovdnactivation of these genes in as much as 40-50% of bladder
95% of all bladder cancers in industrialized countries are transtumours (Cairns, 1995; Akao et al, 1997). More detailed deletion
tional cell carcinomas (TCCs). TCCs are presented in two waysnapping on the long arm revealed two regions of loss (Habuchi et
superficial papillary tumours, confined to the mucosa and laminal, 1995; Simoneau et al, 1996). Small interstitial deletions
propria; and invasive tumours spreading beyond the laminaovering the location of the marker D9S195 were recently
propria into detrusor muscle. The remaining 5% of tumourgeported in five TCCs. The shortest region of overlap of these
include squamous cell carcinomas, adenocarcinomas and cardieletions is estimated to amount to about 840 kb. The putative
noma in situ. TSG in this deleted in bladder cancer region (DBC1) was called
Frequent somatic allelic loss is regarded as a hallmark dDBCCR1 (Habuchi et al, 1998). This DBC1 region does not
tumour suppressor gene (TSG) inactivation. In TCCs, cytogenetioverlap with the two other regions described by Habuchi et al
studies and loss of heterozygosity (LOH) analyses have revealed 8995) and Simoneau et al (1996). Thus, the combined data
number of chromosomal aberrations, including deletion of chroprovide evidence for three TSGs on chromosome 9q that may play
mosome 9p and/or 9q (Devlin et al, 1994) (Keen and Knowlesa role in the pathogenesis of bladder cancer.
1994) (Cairns et al, 1993; Linnenbach et al, 1993; Orlow et al, In the present study we used a polymerase chain reaction
1994), and deletions of chromosome 11p (Shipman et al, 1993)PCR)-based microsatellite assay to further delineate the extent of
18q (Brewster et al, 1994), chromosome 8 (Knowles et al, 1993he deletions at chromosome 9qg. A combination of our data with
Takle and Knowles, 1996), 4p (Elder et al, 1994; Polascik et athose of others, supports the view that apart from the DBC1 region
1995) and 14q (Chang, 1995). LOH of markers on chromosome o other putative TSG loci may exist on chromosome 9q. These
is found in TCCs of all grades and stages, suggesting that the inaero regions were called TCC1 and TCC2. We screened 17 bladder
tivation of a putative TSG on this chromosome is an early event itumour cell lines for homozygous deletions in these areas. No
the development of bladder cancer. Several groups (Ruppert et avidence for homozygous deletions was obtained.
1993; Habuchi et al, 1995; Simoneau et al, 1996) reported
evidence for the presence of more than one TSG that c
contribute to the development of bladder cancer on chromosome Y.
The CDKN2A (p16, MTS1) andCDKN2B (p15) genes are local- NA preparation
ized on the short arm of chromosome 9. Recent studies showed the
Matched pairs of 59 paraffin-embedded bladder tumours and
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Table 1 Percentages of allele signal left for bladder tumours tcc36 and Table 2 Overview of the ESTs and STSs used for HD mapping, ordered
tcc39 as determined with the Phosphorimager?2 from centromere to telomere
Marker tcc36 tcc39 Located in TCC1 Located in TCC2
D9S165 0.94 1 stSG8675 43 A002D08 84 U18543
D9S166 0.34 2 WI-30336 44 AOO8R29 85 1B3089
D9S264 0.15 3 A002Y36 45 |B543 86 WI-13592
D9S283 0.87 0.13 4 WI-11585 46 WI-2958 87 WI-11542
D9S197 0.51 5 CKS2 47 WI-6937 88 WI-6257
D9S280 0.19 6 WI-11909 48 IR10 89 WI-12734
D9S287 0.57 7 WI-16825 49 WI-13546 90 ROP
D9S180 0.59 0.22 8 WI-12646 50 PTCH 91 WI-11957
D9S272 NMe 9 stSG2370 51 WI-14826 92 FB23F1
D9S1783 NM 10 stSG8105 52 WI-1941 93 WI-15097
D9S176 0.77 11 WI-2414 53 WI-2013 94 WI-13608
D9S173 0.89 12 stSG9248 54 stSG9221 95 NIB1929
D9S177 1.14 13 WI-4860 55 WI-9350 96 WI-14271
D9S154 0.64 14 AO0ATO1 56 A006115 97 WI-11577
D9S275 0.73 15 1B2336 57 WI-6378 98 WI-12991
D9S195 0.37 16 1B3559 58 stSG8121
D9S179 0.38 0.76 17 WI-9447 59 WI-9840
D9S164 0.44 18 WI-2331 60 WI-9914
D9S1818 NIb 19 WI-6758 61 WI-9212
D9S1826 0.60 20 WI-17567 62 A003P31
D9S158 0.86 0.60 21 WI-9905 63 WI-7974
D9S1838 0.65 22 ADO6N11 64 WI-7285

23 AD06U15 65 WI-11414
aThe percentages were determined by comparing the intensity of the lost 24 NIB973 66 A001T44
allele in the tumour with the intensity of the same allele in normal control 25 s1SG1471 67 W1-8684
DNA, in relation to the intensity of the other retained allele. ®NI, not 26 stSG2118 68 TGFBR1
inforr’native' °NM, not measured. ’ 27 NIB722 69 A0OBN47

P 28 stSG2205 70 AOO5N10

29 stSG3724 71 WI-7447

30 WI-7541 72 WI-5249
sections, followed by phenol-chloroform extraction and ethanc31 Wi-13139 73 WI-14669
precipitation. A haematoxylin and eosin stain of sections flankiné2 A007K29 74 W1-7344

. . . . 33 WI-6338 75 WI-3790
the sections used for DNA isolation was again controlled by th,, \vic408 76 NIB1437
pathologist. In general, the percentage tumour tissue in the mass wi-4577 77 WI-15742
rial dissected by this procedure was estimated to be over 90%. 36 WI-532 78 WI-688
The following bladder tumour cell lines were used: 253J, 575A37 WI-8025 79 SGC31311

647V, 1207, 5637, J82, Jon, RT4, RT112, SCaBER, SD, SW785 527757 o aat®
SW800, SW1710, T24, VMCubl and VMCubll. Dr D Chopin, 40 wi.15517 82 A008TO8
Paris, kindly provided the cell lines 1207 and 647V. Genomiu1 A001U11 83 WI-4017
DNA was prepared according to standard procedures (Sambro42 Wi-2820
et al, 1989).
LOH analysis

Dynamics, Sunnyvale, CA, USA). An allele was considered to be
For LOH analysis, microsatellite primer sequences were obtainedst when the intensity of the remaining signal was less than 50%
from the Genome DataBase (http://gdbwww.gdb.org/gdb). Thirtycompared to the signal of the same allele in the matching control
primer pairs were used. On the short arm, the markers D9S17BNA of the same patient.
D9S171, D9S168, D9S165 and D9S156 were included. On the long
arm, the markers D9S153, D9S154, D9S158, D9S164, D9S16
D9S173, D9S176, D9S177, D9S179, D9S180, D9S195, D9S196,
D9S197, D9S257, D9S264, D9S272, D9S275, D9S278, D9S28F.0r the homozygous deletion mapping, 98 primer sequences were
D9S283, D9S287, D9S1783, D9S1818, D9S1826 and D9S183&btained from the Whitehead Institute (http://www-genome.
were used. Template DNA (50 ng) was amplified in a total volumewi.mit.edu/), the Sanger Centre (http://www.sanger.ac.uk) and The
of 15ul reaction mixture containing 2.5MdNTPs, 10 pmol of the Institute of Genome Research (TIGR) (http://www.tigr.org). All
appropriate primer combination and 0.25 unitdw@f polymerase  primer sequences were from sequence tagged sites (STS) or
(Supertaq). Products were labelled veiti2P-dATP. expressed sequence tags (EST) mapped between our TCC1 and
Thermal cycling consisted of initial denaturation at®%or TCC2 border markers (http://www.ncbi.nlm.nih.gov/Science96).
5 min, followed by 32 cycles of each®&5for 45 s, 72C for 40 s Amplification was done as described for the LOH analysis, with
and 94C for 40 s. The final elongation step wasQ2or 10 min.  the exception of the presence of a second control primer set in the
PCR products were separated on 6% denaturing polyacrylamideaction mixture. As a control, primers were used for the NF2
gels. Detection was done by autoradiography and, when necessagxon 5 and 11; Jacoby et al, 1994) or MN1 genes on chromosome
followed by quantification using a Phosphorimager (Molecular22 (bp 5304-5421, forward: MN1-16-AGG TTG GTA CCT

omozygous deletion screening
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Figure 1  Autoradiographs illustrating the LOH analyses for tcc36 and D9S58
tcc39. N: matched control DNA; T: tumour DNA. Arrows indicate deleted D9S177
alleles. (top) tcc39: markers D9S165 and D9S176 show retention, while D9S59
marker D9S283 shows loss of the lower allele. (bottom) tcc36: markers
D9S275 and D9S1826 show retention, while marker D9S195 shows a lower HXB

intensity of the upper allele

Figure 2 The borders of the TCC1 region. Markers are shown in linkage

GCT TAG TG, reverse: MN1-13/&GG TTA ACA CTG GTA and physical mapping order according to the Whitehead Institute contig data

. . . and CEPH/Généthon data. (o ) retention; (e ) loss of heterozygosity; (®) not
ACA TAC), since there are no data SqueS.tmg the mVOIVemem.(informative. On the right side, a vertical bar indicates the potential smallest
either of these genes or the chromosome in bladder cancer. Sirregion of overlap, based on our results with tcc39 and the results of Habuchi
the presence of a homozygous deletion inGPKN2A gene was ~ etal (1995
known in eight of the 17 cell lines used, primers were included for
a 167 bp product spanning an intron—exon boundary of the
CDKN2A gene (Nobori et al, 1994). The detection of these deleAn interstitial deletion between D9S165 and D9S176

tions was used as a positive control. . .. . .
P In tcc39 an interstitial deletion was observed between the flanking

markers D9S165 and D9S176. No loss was observed for three
RESULTS microsatellite markers on 9p. Examples of the LOH analysis of 9q
are shown in Figure 1A. Between D9S165 and D9S176, a clear
LOH was observed for seven microsatellites. The autoradiogram
Fifty-nine bladder tumours were screened for LOH of markers offor one of these, D9S283, is shown in Figure 1A. The extent of
chromosome 9. Twenty-six tumours (44%) showed LOH for ondoss was also calculated with the Phosphorimager. The results
or more markers. No microsatellite instability was seen. Of theseybtained are depicted in Table 1 in the lane marked tcc39. For
two tumours had a deletion confined to the p arm, in ten the 104995283, the signal of the lost allele was measured to be 13% of
was confined to the g arm and in 12 cases both p and g arms wehe control allele from normal tissue. For some of the other
affected. Losses on the short arm overlap the region containing timearkers, slightly higher values were observed. This is probably
CDKN? locus, which is located telomeric to marker D9S171. Twodue to the fact that when two alleles are relatively close together
individual tumours were found to obtain different interstitial dele-and comprise several stutter bands, they contribute to each other’
tions on chromosome 9q, suggesting two different TSG loci on thibackground. In some cases, i.e. for D9S272 and D9S1783, this
chromosome arm. These are discussed in detail in the followingnakes the quantitative analysis impossible, although with the eye
sections. Other regions of loss that were observed on 9q coultlclear LOH is evident. The region deleted in tcc39 is approxi-
target both putative TSG loci on 9q and/or @@KN2 locus and  mately 48 cM in size. Tcc39 was classified by the pathologist as
did not contribute to a further delineation of these loci. Ta/grade 2.

LOH analysis

© Cancer Research Campaign 1999 British Journal of Cancer (1999) 80(3/4), 489—494



492 AAG van Tilborg et al

contaminating the PCR-reaction to avoid false positives, by strictly

Mark 36 1 2 121 68 A B C . . o
arker separating the equipment used to handle amplified DNA from other
Doses equipment. Separate work areas were used for pre- and post-ampli-
D9S177 fication steps. Random negative controls were included. No
v homozygous deletions were found. In addition, the region with an
gggigg interstitial deletion as defined by tcc36 was screened with 15 sets of
D9S275 PCR primers, representing a density of 1 marker per 500 kb.
o 7EL However, no evidence for homozygous deletions was obtained. As

Dgg;gg HEEN a control we also screened the cell lines for deletions @fiHEV2

ZSN > s locus. Deletions were observed in eight of the 17 cell lines tested.

3222; This confirms data obtained by others (Southgate et al, 1995;

D9S179 Williamson et al, 1995; Tamimi et al, 1996).

ABL1 .

ASS

D9S1818 DISCUSSION

D9S164

3322226 The purpose of this study was to further define chromosome 9q

ggg%g deletions in TCCs. Previous LOH analyses predicted that 57% of

D9S1838 tumours had deletions on chromosome 9p and 9q (Habuchi et al,
1995). The putative presence of two or more TSGs on the same

Figure 3 The borders of the DBC1 and TCC2 regions. Markers are shown chromosome complicates the interpretation of the LOH analysis.

in linkage and physical mapping order according to the Whitehead Institute Most estimations for the losses of the whole chromosome are

contig data and CEPH/Généthon data. (o) retention; (e ) loss of b d llel . di . hich a limited b f d

heterozygosity; (®) not informative. On the right side, vertical bars indicate ased on allelotyping studies in which a limited number of 9p an

the possible smallest regions of overlap, based on our results with tcc36 and 9g markers were used. This causes high percentages of apparent

the results of Habuchi et al (1995, 1997) and Simoneau et al (1996). For an

explanation of the three possible SROs for TCC2 (A, B, and C), see text complete loss of chromosome 9. It is our experience that when

more markers are used most of these apparent cases of monosomy
are in fact large terminal or interstitial deletions. This emphasizes
the importance of testing as many informative polymorphic
markers as possible. TREDKN2A (p16)/CDKN2B (pl5) tumour

Tcc36 is a T1/grade 2 bladder tumour in which 40% of the cells arsuppressor genes are located on the short arm of chromosome 9.
monosomic for chromosome 9 as determined by in situ hybridiza-oss of one or even both copies of these genes was shown to occur
tion using the chromosome 9 heterochromatin region prob@ at least 40-50% of TCCs (Cairns, 1995; Akao et al, 1997). In
pHUR98 (van Tilborg et al, 1998). Thus, tcc36 is heterogeneousome cases, the region of LOH spreads fromh&N2 region

with respect to its genomic constitution. This partial loss of onéeyond the centromere into the g arm of chromosome 9. Such a
copy of chromosome 9 is also observed in the LOH analyses anddgletion could target th€ DKN2 region, a locus on the g arm or
reflected by the measured intensities of allele signals of arouneiven both. In addition, losses that are confined to the q arm of
60% as shown in Table 1. Three microsatellites show a remaininchromosome 9 suggest the existence of more than one candidate
signal of approximately 30-40% when compared to the contrdbladder gene on this arm. Also here it is often not possible to
DNA. This most likely reflects an interstitial deletion of 31 cM define to which region the observed LOH contributes.

flanked by markers D9S275 and D9S1826. Figure 1B shows repre- Our LOH results confirm the hypothesis that there are at least
sentative autoradiograms of the LOH analyses of tcc36. Based dwo different putative tumour suppressor gene loci on the g arm.
the signal intensities as measured by the Phosphorimager, the mdsie first, more centromeric region is called TCC1. The borders of
plausible model to explain these findings would be that one alleléhis new region, as depicted in Figure 2, are defined by the inter-
of a putative TSG which is located within the interstitially deletedstitial deletion in tcc39 as reported in this work and an interstitial
area was first inactivated and that two individual second hitgleletion in a bladder tumour number 1 as published by Habuchi et
targeting the other allele occurred in separate cells: (a) loss of ah (1995). For the definition of the region we have excluded
entire copy of chromosome 9 as reflected by the subpopulation ¢fimours in which LOH was observed based on only one tested
40% of the tumour cells that are monosomic for chromosome 9 andarker. Our results place the lower border of the TCC1 region at
(b) an interstitial deletion of the same copy of chromosome %narker D9S176, instead of D9S109. This reduces the size of the
present in approximately 25% of the tumour cells. region by 6 cM from 33 to 27 cM. In both our case tcc39 and case
1, the signal intensities of the remaining alleles are very low,
suggesting that the gene targeted by these deletions is inactivated
in most, if not all, tumour cells. Thus, inactivation of this gene may
We next screened DNA from 17 bladder tumour cell lines forrepresent an early event in the pathogenesis of these tumours.
homozygous deletions in these areas. For the more centromericFor the definition of a second region, several possibilities exist.
region, 83 ESTs and STSs were selected between the markdrsese are shown in Figure 3. In this Figure the interstitial deletion
D9S153 and D9S176, a region of 27 cM. The borders of this regioim tcc36 (this paper) is shown next to deletions as published by the
are indicated in Figure 2, they were deduced based on our resufiroup of Knowles (Habuchi et al, 1995, 1997). The DBC1 region
with tcc39 and the results of Habuchi et al (1995). The markers fovas deducted from short interstitial deletions in five separate
the homozygous deletion analysis are listed in Table 2. When themours that have a shortest region of overlap of 840 kb in which
markers are randomly distributed, this results in a density of onmarker D9S195 is located (Habuchi et al, 1997). The first conclu-
marker per 300 kb. Special attention was paid to the prevention afon from these combined data is that it is impossible to attribute

An interstitial deletion between D9S275 and D9S1826

Homozygous deletion analysis
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all deletions to one region. For instance, tumours 36 and 1 can boBrewster SF, Gingell JC, Browne S and Brown KW (1994) Loss of heterozygosity
target the DBC1 region, but case 2 clearly falls outside this region. ©°" C_hromos?r:;f t?qt;jgss}og'ate" ‘;"(‘)‘hﬁ';‘;‘sgfé'”"as“’e transitional cell
. . . carcinoma o e pla r ancer . -

The three dllffer(.ent pOSSIble.SRO regions b.alsed on these data %ra?rns P (1995) Frequency of homozygous deletion at p16/CDKN2 in primary
also shown in Figure 3. In Figure 3 lane A, it is assumed that both  hyman tumoursvar Gener 11: 210-212
tcc36 and case 1 target the DBCL1 region. This would result in @aimns P, Shaw ME and Knowles MA (1993) Initiation of bladder cancer may
TCC2 region defined by case 2. In option B, tcc36 targets DBC1 involve deletion of a tumour-suppressor gene on chromosotw-8gene 8:
and case 1 the TCC2 region, and reversely in option C, the Casec%rnlsoga‘;slfiii K, Eby Y and Sidransky D (1995) Localization of tumour
deletion ta_“‘gas DBC1 and tcc36 TCC2. As a result, the size of the suppressor loci on chromosome 9 in primary human renal cell carcinomas.
TCC2 region can vary from 30 to 40 cM. Cancer Res 55: 224-227

Approximately 40% of the cells in tcc36 are monosomic forChang WYH (1995) Novel suppressor loci on chromosome 14q in primary bladder
chromosome 9 and in an additional 25% an interstitial deletion of Ca"ce'\/’lfn"”;”ReTgS:SZ‘;G‘fZ“Q A Grander . Ibbotson RE. Merts M

X orcoran , Rasool O, Liu Y, lyengar A, Grander D, otson , Merup M,
Fhe sa_me copy _of chromosome 9 occurred._ This suggests that tﬁe Wu X, Brodyansky V, Gardiner AC, Juliusson G, Chapman RM, Ivanova G,
interstitial deletion and the loss of an entire chromosome may  Tijer M, Gahrton G, Yankovsky N, Zabarovsky E, Oscier DG and Einhorn S
target the same TSG and that for this gene these two events repre- (1998) Detailed molecular delineation of 13q14.3 loss in B-cell chronic
sent separate second hits. These findings suggest that the inactiva- lymphocytic leukemiaslood 91: 1382-1390 ' '
tion of the proposed TSG at this location may not have been one BfVin J: Keen AJ and Knowles MA (1994) Homozygous deletion mapping at 9p21
X . . in bladder carcinoma defines a critical region within 2 cM of IFNJAcogene

the first hits in the pathogenesis of tcc36. 9: 27572760

Losses of chromosome 9q have also been observed in basal aaller PA, Bell SM and Knowles MA (1994) Deletion of two regions on
carcinoma (Shanley et al, 1995), squamous cell carcinoma of the chromosome 4 in bladder carcinoma: definition of a critical 750 kb region at
head and neck (Ah-See et al, 1994), oesophagus carcinoma (Miura, 4‘;1??350”?083”;% 3‘5:‘3235 o5 VA (1995) Detaied delet ,
. abucni |, Deviin J, er an nowiles etalle! eletion mapping
et al, 1996_5)’ Ovarian cancer (Shultz et al, 1995)’ renal cell carci- of chromosome 9q in bladder cancer: evidence for two tumour suppressor loci.
noma (Cairns et al, 1995) and small-cell lung cancer (Merlo et al,  pucogene 11: 1671-1674
1994). Since the SROs for bladder cancer are still very large, withabuchi T, Yoshida O and Knowles MA (1997) A novel candidate tumour
the exception of the DBC1 region, it cannot be excluded that the suppressor Iocus_ at 9932-33 in bladder cancer: localization of the candidate
losses seen in other tumours target the same TSGs. Recently, the region within a single 840 kb YAGHum Mol Genet 6: 913-919

R . . . (? uchi T, Luscombe M, Elder PA and Knowles MA (1998) Structure and
gene resp.on5|bl.e for sporadlc basal 'Ce” qqrcmoma of the Sl_('n an methylation-based silencing of a gene (DBCCR1) within a candidate bladder
the hereditary disorder NBCCS was identified. TRIEH gene is cancer tumor suppressor region at 9q3263omics 48: 277-288
located within the TCC1 region. However, no mutations in thisJacoby LB, MacCollin M, Louis DN, Mohney T, Rubio MP, Pulaski K, Trofatter JA,
gene in bladder tumours were observed (Simoneau et al, 1996; our Kley N. Seizinger B, Ramesh V and Gusella JF (1994) Exon scanning for
blished results) For oesophaqus carcinoma. the regi mutation of the NF2 gene in schwannontésn Mol Genet 3: 413-419

unpu T = phag ! 9 c?&en AJ and Knowles MA (1994) Definition of two regions of deletion on
containing a putative TSG has been narrowed down to about chromosome 9 in carcinoma of the bladdBicogene 9: 2083-2088
200 kb, between the markers D9S155 and D9S177. ThesS@owles MA, Shaw ME and Proctor AJ (1993) Deletion mapping of chromosome 8
microsatellites are positioned distal of the TCC1 region and prox- in cancers of the urinary bladder using restriction fragment length

. ; . : polymorphisms and microsatellite polymorphism@scogene 8: 1357-1364
imal to the DBC1 region. In ovarian cancer, LOH is found a'rounthno T, Kawanishi M, Matsuda S, Ichikawa H, Takada M, Ohki M, Yamamoto T

the gelso"n gene (GSN), where the DBC1 geneis expected. and Yokota J (1998) Homozygous deletion and frequent allelic loss of the
Both the TCC1 and TCC2 regions were screened for the pres- 21¢11.1-g21.1 region including the ANA gene in human lung carcinoma.

ence of homozygous deletion in 17 bladder tumour cell lines with  Genes Chromosomes Cancer 21: 236-243 _

in total 100 microsatellite markers, with an average spacing Ol,flnnenbach AJ, Pressler LB, Seng BA, Kimmel BS, Tomaszewski JW and

. . Malkowicz SB (1993) Characterization of chromosome 9 deletions in
300-500 kb. Deletions of theDKN2 region are often between 50 transitional cell carcinoma by microsatellite asgayn Mol Genet 2:

and 500 kb or more in size (Williamson et al, 1995). Other homozy-  1407-1411
gous deletions vary between 130 kb in B-cell chronic lymphocytiovierlo A, Gabrielson E, Mabry M, Volimer R, Baylin SB and Sidransky D (1994)
leukaemia (Corcoran et al, 1998), and 3 Mb in non-small cell lung Homozygous deletion on chromosome 9p and loss of heterozygosity on 9q,

cancer (Kohno et al, 1998). This suggests that the homozygous 22'262‘2236;6'” primary human small cell lung canCencer Res 54:

qem.tlon targeting the TCC1 and TCC2 IO.C| are either much Sma”q\yliura K, Suzuki K, Tokino T, Isomura M, Inazawa J, Matsuno S and Nakamura Y

in size than those observed for other loci or that the putative TSGS  (1996) Detailed deletion mapping in squamous cell carcinoma of the esophagus

are not readily inactivated by homozygous deletions. narrows a region containing a putative tumor suppressor gene to about 200
Several interesting genes in the TCC2 region are known: the trans- kilobases on distal chromosome @fucer Res 56: 1629-1634

R Nobori T, Miura K, Wu DJ, Lois A, Takabayashi K and Carson DA (1994) Deletions
forming growth facto receptor type | gene (TGFBR1), the death of the cyclin-dependent kinase-4 inhibitor gene in multiple human cancers.

associated protein kinase 1 gene (DAPK1) and the tuberous sclerosis nasure 368: 753-756
1 gene (TSC1). Further studies to identify the genes involved iorlow I, Lianes P, Lacombe L, Dalbagni G, Reuter VE and Cordon-Cardo C (1994)
bladder cancer should include these genes as candidates. Chromosome 9 allelic losses and microsatellite alterations in human bladder
tumors.Cancer Res 54: 2848-2851
Polascik TJ, Cairns P, Chang WYH, Schoenberg MP and Sidransky D (1995)
Distinct regions of allelic loss on chromosome 4 in human primary bladder
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