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SUMMARY: Deletion of chromosome 8p is associated with the progression of bladder cancer. To identify the putative tumor
suppressor gene locus we have analyzed 145 bladder cancers with 12 microsatellite markers for allelic changes at the
chromosome 8p23.3 region. We mapped the smallest overlapping deletion to approximately 0.7 cM genetic distance between
loci D8S504 and D8S264. Allelic changes at this region occurred in 75 (52%) of the 145 tumors. We found a significant correlation
between alterations at chromosome 8p23.3 and the tumor grade. The correlation between genetic changes and tumor stage
reflected the distribution of tumors of different grades in each pathologic stage. (Lab Invest 2000, 80:1089–1093).

P revious DNA studies detected allelic changes at
several chromosomal regions in transitional cell

carcinomas (TCC) of the urinary bladder (Knowles,
1999). Because loss of heterozygosity (LOH) at chro-
mosome 9p occurs in 80% to 90% of TCC, it is
believed to be an initial genetic event (Baud et al,
1998; Orlow et al, 1994; Stadler et al, 1994). Alteration
of the chromosome 8p region was shown in 22% to
54% of bladder TCC in RFLP, microsatellite, and
comparative genomic hybridization (CGH) studies
(Hovey et al, 1998; Kallioniemi et al, 1995; Knowles et
al, 1993; Ohgaki et al, 1999; Richter et al, 1997, 1998,
1999; Simon et al, 1998; Takle and Knowles, 1996).
When genetic changes and tumor stages were evalu-
ated, loss of chromosome 8p sequences showed an
association with invasive growth of TCC. Fluores-
cence in situ hybridization (FISH) analysis by using
bacterial artificial chromosome (BAC) clones found a
correlation between loss of signal at the chromosome
8p22 band and tumor progression (Wagner et al,
1997). Recently, the putative tumor suppressor gene
was mapped to an approximately 1 Mb region on
chromosome 8p22 (Ohgaki et al, 1999). Other studies
showed deletion of the entire chromosome 8p or large
regions encompassing several chromosomal bands in
TCC.

In a pilot study, we performed deletion mapping of
56 bladder cancers with 14 microsatellite markers

covering the entire chromosome 8p. We delineated an
approximately 4 cM region of LOH between loci
D8S264 and D8S262 on chromosome 8p23.3 (unpub-
lished data). Allelic changes at this region were asso-
ciated with grade and stage of TCC. Deletion mapping
studies on other types of cancer have also suggested
that this chromosomal region may harbor a tumor
suppressor gene (Ishwad et al, 1999; Perinchery et al,
1999; Pineau et al, 1999; Scholnick et al, 1996; Wright
et al, 1998; Wu et al, 1997). To delineate the putative
tumor suppressor gene locus, we analyzed 145 blad-
der cancers for 12 microsatellite loci at chromosome
8p23.3. We defined a smallest overlapping region of
approximately 0.7 cM genetic distance between loci
D8S504 and D8S264 and we found a correlation
between LOH and tumor grade.

Results

Defining the Tumor Gene Locus at Chromosome 8p23.3

Microsatellite loci and their position are shown in
Figure 1. We detected LOH at all informative loci at
chromosome 8p23.3 in 63 of 145 bladder cancers.
Terminal deletions were seen in cases 36, 115, 167,
189, 217, and 1205, whereas interstitial deletions by
retention of heterozygosity for locus D8S504 were
detected in tumors 14, 55, 116, 180, 1221–4, and
1221–5. The smallest interstitial deletion was seen in
tumors 1221–4 and 1221–5. Both showed LOH at
locus AFMB322ZH9 and retention of heterozygosity at
flanking loci D8S504 and D8S264 (Fig. 2). The genetic
distance between the two loci is estimated to be
approximately 0.7 cM in the GeneMap’99 (http://
www.ncbi.nlm.nih.gov/genemap/). LOH involving this
small region was seen in 75 (52%) of the 145 bladder
cancers examined.
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LOH at 8p23.3 and Pathologic Data

We evaluated the frequency of LOH at the putative
tumor suppressor gene locus in 145 TCC of the urinary
bladder of different histologic stages and grades (Ta-
ble 1). We found a strong correlation between LOH
and tumor grade. Only 5 (13%) of the 39 G1 bladder
cancers had an LOH at chromosome 8p23.3, whereas
32 (53%) of the 60 grade 2 TCC and 38 (82%) of the 46
grade 3 TCC showed this genetic change. LOH at
chromosome 8p23.3 occurred only in 21 (29%) of 72
superficially growing (pTa) tumors, whereas 64% of
pT1, 81% of pT2, and 76% of pT3–4 TCC displayed
this genetic change. Altogether, LOH at chromosome
8p23.3 was seen in 74% of invasive growing bladder
cancers. The high frequency of LOH in invasive TCC is
associated with the distribution of tumors of different
grades within each stage. In our study, all but one of
the 72 noninvasive (pTa) TCC showed grade 1 or 2.
The early invasive tumors (pT1 and pT2) displayed
nearly equally nuclear grades 2 and 3, whereas the
vast majority of pT3–4 tumors showed grade 3. We
found only minimal differences in allelic changes be-
tween pTa, G2 (44%) and pT1, G2 (53%) tumors.
These data indicate that LOH at chromosome 8p23.3
is primarily associated with the grade of TCC.

Discussion

We mapped a putative tumor suppressor gene locus
to an approximately 0.7 cM genetic distance between
loci D8S504 and D8S264 at the terminal part of the
chromosome 8p23.3 region. We found allelic changes

at this region in 52% of the unbiased series of bladder
cancers. Earlier, the putative tumor suppressor gene
on chromosome 8p was mapped to two large regions,
one between loci D8S264 and D8S133 at 8p21.1-pter
and another between the NFL and PLAT genes at
chromosome 8p21-q11.2 in TCC (Knowles et al, 1993;
Takle and Knowles, 1996). Our region is localized to
the most distal part of the large region 8p21.1-pter
determined by Takle and Knowles (1996). Recently, a
tumor suppressor gene region was mapped to an
approximately 1 Mb interval flanked by loci D8S1135
and AFM177XB10 at chromosome 8p22 (Ohgaki et al,
1999). Thus, comprehensive deletion mapping studies
on TCC suggest that chromosome 8p harbors at least
two tumor suppressor genes, one at 8p22 and another
at 8p23.3.

Most deletion mapping and CGH studies suggested
a correlation between chromosome 8p alterations and
the stage of bladder cancer. Knowles et al (1993)
found LOH at chromosome 8p in 12% of superficial
(pTa) and in 32% of invasive (pT1–2) tumors. CGH
analysis revealed DNA losses at chromosome 8p in
only 0.7% of pTa TCC and in 32% of pT1 tumors
(Richter et al, 1997). By increasing the number of
cases, the same group of investigators described
chromosome 8p alterations in 9% and 24% of pTa
and pT1 tumors, respectively (Richter et al, 1998;
Zhao et al, 1999). They found chromosomal imbal-
ances at chromosome 8p in 42% of pT2–4 tumors
(Richter et al, 1998). Our microsatellite analysis re-
vealed LOH at chromosome 8p23.3 in 29% of pTa, in
64% of pT1, and in 78% of pT2–4 tumors, which is

Figure 1.
Allelic changes at chromosome 8p23.3 in 12 transitional cell carcinomas (TCC) showing partial deletions. The location of microsatellite markers are shown on the
left. A vertical bar on the right indicates the smallest overlapping deletion. Open square 5 retention of both alleles without allelic imbalance; filled square 5 loss of
heterozygosity; no square 5 homozygous loci.
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higher than detected in CGH studies. This may reflect
the more precise nature of microsatellite studies com-
pared with the limited sensitivity and resolution of
CGH. Moreover, this may explain why some of the
CGH studies did not find a correlation between DNA
imbalances at chromosome 8p and the progression of
pT1 TCC (Richter et al, 1998, 1999).

Alteration of chromosome 8p has been associated
with the grade of bladder cancer as well. CGH studies
detected chromosome 8p imbalances in 0%, 13%,
and 29% of TCC of grade 1, 2, and 3, respectively
(Richter et al, 1999; Zhao et al, 1999). Recently,
Ohgaki et al (1999) found a significant difference in the

frequency of genetic alterations at chromosome 8p22
between TCC of grades 1 and 2 (26%) and of grade 3
(58%). Our allelotyping study revealed a low frequency
of LOH at chromosome 8p23.3 in grade 1 TCC (13%)
in comparison with grade 2 (53%) and grade 3 (83%)
bladder cancers. We found only a slight difference
between the frequency of LOH at chromosome 8p23.3
in pTa, G2 (44%), and pT1, G2 (53%) TCC. Our data
indicate that LOH at chromosome 8p23.3 is primarily
associated with the nuclear grade, eg, with the prolif-
erative activity of bladder cancer. In our series of TCC,
all but one noninvasive (pTa) tumor displayed grade 1
and grade 2, whereas pT1 or pT2 TCC showed grade
2 and grade 3, and the overwhelming majority of
cancers in stage pT3–4 showed nuclear grade 3.
Thus, the correlation between LOH at chromosome
8p23.3 and tumor stage simply reflects the distribution
of TCC of different grades in each pathologic stage.

LOH at chromosome 8p23 was also detected in oral
and oropharyngeal squamous cell carcinoma, ovarian
adenocarcinoma, hepatocellular carcinoma, and pros-
tate cancer (Ishwad et al, 1999; Perinchery et al, 1999;
Pineau et al, 1999; Wright et al, 1998; Wu et al, 1997).
Allelic loss at locus D8S264 showed a correlation with
early tumor recurrence and shorter disease-specific
survival of patients with supraglottic squamous cell
carcinomas (Scholnick et al, 1996). The putative tumor
suppressor gene was mapped between loci D8S264
and D8S1788 (Sunwoo et al, 1999). This region is
located on the proximal site, whereas our region is on
the distal site of locus D8S264. The existence of tumor
suppressor gene(s) at these regions has been con-
firmed by microcell-mediated transfer of chromosome
8p sequences into colorectal cancer cell lines that
resulted in reduced tumorigenicity (Gustafson et al,
1996). To improve the results of deletion mapping and
chromosomal replacement studies, cloning and ana-
lyzing the genes in a follow up study will be necessary.
Sixteen putative gene fragments have already been
mapped to the 0.7 cM region between loci D8S504
and D8S264 (http://www.ncbi.nlm.nih.gov/genemap/),
which will be helpful in cloning the tumor suppressor
gene.

Materials and Methods

Tumor Samples and DNA Extraction

Fresh tumor tissues were obtained by transurethral re-
section or radical cystectomy at the Departments of
Urology, Mannheim Hospital, Ruprecht-Karls-University
Heidelberg and Philipps-University Marburg, Germany.
For normal controls, 10 ml of matched peripheral blood
samples were taken. Part of the tumor tissue was
immediately snap-frozen in liquid nitrogen and stored at
280° C. The histologic diagnosis according to the TNM-
Classification (Union Internationale Contre le Cancer)
was obtained from the Departments of Pathology at both
universities. This study comprised 72 tumors of patho-
logic stage pTa, 22 tumors of stage pT1, 16 tumors of
stage pT2, and 35 tumors of stage pT3–4. Thirty-nine
tumors were well-differentiated (grade 1), 60 tumors

Figure 2.
Small interstitial deletion of approximately 0.7 cM genetic distance in TCC
1221–4. Notice the loss of heterozygosity at locus AFM322ZH9 and retention
of constitutional heterozygosity without allelic imbalance at flanking loci
D8S504 and D8S264. DNA from normal blood (N) and tumor (T) samples were
used for amplification.
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were moderately differentiated (grade 2), and 46 tumors
were poorly differentiated (grade 3).

A frozen tumor sample was placed on a plastic Petri
dish, covered with 1 ml of TE9 buffer (500 mM Tris, pH
9; 20 mM EDTA; 10 mM NaCl), and allowed to thaw.
The tumor cells were then carefully scraped or pushed
out to separate them from stromal tissue under an
inverted microscope by a pathologist (GK) experi-
enced in this technique. The stromal tissue was dis-
carded. Using this method, contamination from nor-
mal cells was reduced to a minimum. Tumor cells were
resuspended in 5 ml of TE9 buffer with 1% SDS and
0.2 mg/ml of proteinase K, and were incubated for 3
hours at 55° C. DNA was extracted with phenol-
chloroform and dissolved in TE buffer (10 mM Tris; 1
mM EDTA, pH 7.4) after ethanol precipitation. Normal
control DNA was extracted from blood lymphocytes
by the same method.

Microsatellite Analysis

Microsatellite markers and their approximate positions
are shown in Figure 1. The sequences and location of
the markers were obtained from the Genome Data-
base (http://gdbwww.gdb.org/gdb/gdbtop.html), from
the data base of the Whitehead Institute for Bio-
medical Research (http://www-genome.wi.mit.edu/)
and from GeneMap’99 (http://www.ncbi.nlm.nih.gov/
genemap/). For amplification of microsatellite locus
D8S504, we used the primers described by Sunwoo et
al (1999). Matched normal and tumor DNA samples
were amplified in 10 ml reactions with 50 ng of
genomic DNA, 50 mM KCl, 10 mM Tris-HCl (pH 8.3),
1.5 mM MgCl2, 200mM each dNTP, 5 pmol Cy5-labeled
forward primer, 5 pmol reverse primer, and 0.5 U Taq
DNA polymerase (Gibco BRL, Eggenstein, Germany).
After 2 minutes of denaturation at 94° C, the PCR
mixes were subjected to the following conditions: 40
seconds at 94° C, 30 seconds at 55° C, and 40
seconds at 72° C for 28 cycles, with a delayed last
step for 10 minutes at 72° C in a PTC200 thermal
cycler (MJ Research Inc., Watertown, Massachusetts).
Before loading, 20 ml of 50 mM EDTA stop solution and
5 mg/ml of Dextran Blue 2000 in 100% deionized
formamide were added, and the samples were dena-
tured at 95° C for 2 minutes and immediately cooled
on ice for 1 minute. Analysis was carried out on an
automated DNA analyzer (ALFexpressII, Amersham/
Pharmacia Biotech, Freiburg, Germany). The 6% de-
naturing polyacrylamide gels (acrylamide:bisacrylam-

ide 5 19:1) were run at 400 V, 55 mA, and 30 W in 1x
TBE buffer (445 mM Tris; 445 mM boric acid; 13 mM
EDTA, pH 8.0) at a constant gel temperature of 55° C.
The collected raw data were evaluated using the
Fragment Manager software (FM 1.2; Amersham/
Pharmacia Biotech).
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