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ABSTRACT

We attempted to define the role of tumor suppressor genes in the
pathogenesis of human bladder cancer through a combined molecular
genetic and immunohistochemical approach. Thirty-four bladder tumors
(1 Pis, 6 Pa, 5 PI, 3 P3a, 18 1Mb, l IM; 8 low grade and 26 high grade
tumors) have been analyzed. Restriction fragment length polymorphism
analysis directed at 5 suspected or established tumor suppressor gene
regions (3p21-25, HplS, 13ql4, 17pll-13, and 18q21) was combined
with immunohistochemical using Rb-PMG3-245 monoclonal antibody
directed at the retinoblastoma (Rb) gene product.

Tumor grade correlated with deletions of 3p (P = 0.004) and I7p (P
= 0.063). Tumor stage correlated with deletions of 3p (P = 0.010), 17p
(P = 0.015) and altered Rb expression (/' = 0.054). Vascular invasion

correlated only with deletions of 17p (P = 0.038). No marker correlated
with positive lymph nodes.

Our results suggest that altered Rb expression occurs in all grades
and stages of bladder cancer but is more commonly associated with
invasive tumors. Genetic alterations of 3p, lip, 17p, and 18q are rare
events in low grade, superficial tumors, whereas they are more common
in high grade and invasive bladder cancer. The role of these genetic
alterations in the prognosis of bladder cancer will require additional
follow-up and further studies.

INTRODUCTION

The role of tumor suppressor genes in the pathogenesis of
solid tumors is a growing area of interest in tumor biology. A
model proposed for colon carcinoma suggests that the sequen
tial loss of suppressor genes are important events in the devel
opment and progression of this tumor (1). Recently, altered
expression of the Rb4 gene product was found to correlate with

clinical outcome in human sarcomas (2).
Bladder cancer accounted for approximately 5% of all new

cancer cases diagnosed as well as 1.9% of all cancer deaths in
the United States in 1990 (3). Two distinct clinical settings are
seen: (a) superficial (Pis, Pa) and (Â¿>)invasive (PI-4) disease.
Low grade, superficial tumors tend to recur locally and carry a
low risk of progression to metastatic disease, while high grade,
invasive tumors as well as those with vascular invasion are more
likely to progress to disseminated disease (4-8).

Cytogenetic and molecular genetic data from bladder cancer
demonstrate deletions of several chromosomal arms including
9q, lip, and 17p (9-11). In the present study 10 loci on 5

chromosomal arms (3p, lip, 13q, 17p, and 18q) were studied
by RFLP and Southern analysis, and the Rb gene product
expression was studied by IHC in 34 bladder tumors. We
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correlated molecular genetic and immunohistochemical data
with histopathology and observed that genetic alterations were
more common in higher grade and stage tumors. Within simi
larly pathologically classified tumors, much heterogeneity exists
with respect to genetic marker deletions. Further investigation
is warranted to determine the clinical utility of these findings.

MATERIALS AND METHODS

Tissue. Thirty-four primary carcinomas of the urinary bladder were
obtained from radical cystectomy (n = 32) and transurethral resection
(n = 2) specimens at the Memorial Sloan-Kettering Cancer Center.
Normal tissue was obtained from the same bladder in an area removed
from the tumor. All tissues were embedded in a cryopreservative solu
tion (OCT compound, Miles Laboratories, Elkhart, IN) and stored for
varying periods at -70Â°C.Representative sections of each frozen block

were stained with hematoxylin-eosin and reviewed by a pathologist
(V.E.R.) to assess the quantity of tumor within the sample. Only
specimens in which tumor cells made up >75% of the section were
included in this study. Formalin-fixed sections of each specimen were
paraffin embedded, stained with hematoxylin-eosin, and reviewed by a
single pathologist (V.E.R.). All specimens were graded using a modifi
cation of the World Health Organization classification and staged
according to the TNM pathological staging system (12, 13). Investiga
tors were unaware of the histopathology results until after all RFLP
and IHC results were completed.

DNA Isolation and Southern Blotting. Ten to 20 consecutive 30-Â¿tm-
thick sections were cut from each sample for DNA isolation. High
molecular weight DNA was isolated from tumor and normal tissue by
the nonorganic method developed by Oncor (Gaithersburg, MD). DNA
concentrations were determined by spectrophotometric measurement
of absorbance. Restriction digests of 7.5-^g aliquots of DNA were
performed in parallel on tumor and normal tissue for 4 h under the
conditions recommended by the manufacturer (Boehringer Mannheim
Biochemicals, Indianapolis, IN). Digested DNA was fractionated on
0.7% agarose gels for 16-18 h at 22 V. Gels were stained with ethidium
bromide and photographed under UV. DNA was vacuum transferred
to nylon membranes (Sure blot, Oncor) using the Probe Tech 1 by
Oncor. Briefly, gels were depurinated in l M HCI for 15 min, denatured
in l M NaOH for 30 min, and vacuum transferred over 90 min.
Membranes were baked for 30 min at 60Â°C.

Probes. The following RFLP probes with chromosome map posi
tions, loci, and restriction enzymes were obtained from the American
Type Culture Collection (Rockville, MD) and were used in this study:
p627 (3p24-25; cRAFl; Taql), pH3H2 (3p21; DNF15S2; Hind\\\),
pADJ762(llpl5.5;DHS12;ÃŸc/I), pbc-Nl (1 Ipl5.5; HRAS1; Taql),
H3-8 (13ql4; D13S30; Hindlll), pYNZ22 (17pl3.3; D17S5; Taql),
pEW301 (17pl 1.1-2; D17S58; Taql), OS-4 (18q21.3-qter; D18S5;
Taql). Two structural gene probes to the 3' and 5' ends of the Rb-1

gene (PG 3.8M and PGH2, respectively) were graciously provided by
Dr. William Benedict.

Hybridizations, Autoradiography, and Deletion Analysis. Probes were
labeled according to the procedure of Feinberg and Vogelstein (14).
Prehybridization was performed with Hybrisol I (Oncor) for l h at
43Â°Cfollowed by the addition of labeled probe for 16 h at 43Â°C.All
probes were washed under stringent conditions (final wash at 65Â°C)
except for the 5'-Rb probe (all washes at room temperature). Exposure

was on Kodak XAR film backed by Dupont Lightning Plus intensifying
screens at -70Â°Cfor 6 h to 14 days. Densitometry was performed with
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an Ultrascan XL Laser Densitometer (Pharmacia LKB Biotechnology).
If normal tissue demonstrated heterozygosity for a particular probe,
then the ratio of alÃelesin both tumor and normal samples was calcu
lated with densitometry. Normalization of the densitometric tracing
was done against the remaining nondeleted alÃele.This method could
introduce error in the event of amplification of the nondeleted alÃele.
Allelic deletion was defined as a â€”¿�40'<decrease in alÃelesignal intensity.

All borderline cases were redigested and hybridized with appropriate
probes.

Monoclonal Antibodies and Immunohistochemistry. Immunohisto-
chemical studies were done following standard avidin-biotin-peroxidase
techniques (15). Briefly, consecutive o-^m-thick, frozen sections from
tumor and normal tissue pairs were formalin fixed, washed in phos
phate-buffered saline, quenched in hydrogen peroxide, and blocked
with avidin-biotin. Tissue was incubated in 10% horse serum for block
ing and incubated for 2 h with monoclonal antibody Rb-PMG3-245
(Rb-02P; IgGl; 0.714 Mg/ml) which recognizes the M, 110,000 Rb gene
product after immunoprecipitation. Western blotting, and immunohis-
tochemistry (16). A nonspecific, mouse IgGl Â»,monoclonal antibody
(10 jjg/ml) served as negative control. Tissue was incubated with
biotinylated horse anti-mouse secondary antibodies (Vector Laborato
ries, Burlingame, CA) for 30 min at a concentration of 1:100 followed
by the avidin-biotin complex at a concentration of 1:25 for 30 min.

Diaminobenzidine (0.06%) was used as the final chromogen, and ethyl
green was used as the nuclear counterstain.

Immunohistochemistry for Rb expression was also performed on
two cell lines obtained from the American Type Culture Collection:
T24 (derived from a bladder cancer) served as a positive control and
Y79 (derived from a retinoblastoma) served as a negative control (17).

Rb Expression Analysis. All slides were reviewed independently by
two investigators (V.E.R. and C.C.C.), and Rb expression in tumors
was classified into one of three categories by estimating the percentage
of tumor cell nuclei staining: (a) negative (<IO%), (ft) heterogeneous
(10-75%), (c) homogeneous (>75%). Any tumors which failed to show
homogeneous staining in stremai and endothelial cell nuclei and any
paired samples which failed to demonstrate homogeneous staining in
the normal urothelial nuclei were excluded from analysis.

RESULTS

Representative Southern hybridizations and IHC are shown
in Figs. 1 and 2, respectively. Rb expression was absent Â¡nY79
retinoblastoma cells, while strong and homogeneous immuno-
reactivity was observed in T24 bladder cancer cells (Fig. 3). Fig.
2A demonstrates homogeneous nuclear staining for Rb in all
cells of the normal urothelium. Fig. 2, B and C, demonstrates
homogeneous nuclear staining in superficial and invasive tumor
cells, respectively. In the lower aspect of Fig. 2C, the elongated
nuclei of smooth muscle cells are visible, demonstrating ho
mogeneous nuclear staining for Rb. Fig. 2D demonstrates in
vasive tumor cells that are negative for Rb expression and thus
appear green as a result of the nuclear counterstain (large
arrows), while endothelial cells and collections of lymphocytes
demonstrate homogeneous nuclear staining (small arrows). All
tumors with altered Rb expression by IHC (negative and het
erogeneous) showed homogeneous nuclear staining for Rb in
adjacent smooth muscle, stroma, endothelial cells, and the
paired normal urothelium sections.

Table 1 displays pathology data as well as RFLP and IHC
results. The 3'- and 5'-Rb structural gene probes did not show

evidence of gene rearrangement in any tumor. For 13q and 18q
the results in Table 1 are from one RFLP probe. For 3p, 1Ip,
and 17p the results are reported as NI if both probes were NI,
negative if either probe showed LOH, and positive if both
probes showed no LOH or one probe showed no LOH while
the other was NI. Of note for chromosome 17p. several tumors

N T N T

B

N T N T

C D
Fig. I. Representative Southern blots. Note deleted alÃeles(arrows). A, tumor

28 hybridized with pYNZ22; B, tumor 21 hybridized with OS-4; C, tumor 10
hybridized with pbcN-1: D, tumor 20 hybridized wilh pH3H2. Lane N. normal;
lane T, tumor.

showed no LOH for pEW301 and LOH for pYNZ22, suggest
ing that the deleted area of interest resides distal to pEW301.
For 3p, LOH for p627 and pH3H2 appeared linked; thus, we
cannot conclude that the area of interest must reside on 3p,
however, the likelihood of deletions spanning 3p and 3q (or
monosomy 3) occurring in all tumors seems unusual.

Table 2 summarizes the results in relation to pathological
grade and stage. Altered Rb expression occurred in 50% of low
grade tumors and one had an lip deletion. Within the high
grade tumors, altered Rb expression was the most common
event (80.1%), followed by deletions of 3p (66.7%), 17p (50%),
lip (33.3%), and 18q (30.1%). Of the 7 superficial tumors, 3
demonstrated altered Rb expression and no other genetic alter
ations were detected. Within the invasive tumors, altered Rb
expression was the most common event (81.5%), followed by
deletions of 3p (63.2%), 17p (57.1%), lip (38.9%), and 18q
(28.6%).

Table 3 summarizes the results of the Fisher exact test P
values correlating genetic alterations with pathology criteria. A
significant relationship was seen between tumor grade and
deletions of 3p and 17p; tumor stage and deletions of 3p, 17p,
and altered Rb expression; vascular invasion and deletions of
17p. No correlation between nodal status and genetic altera
tions in the primary tumor was seen.

A subset analysis of the 27 invasive tumors was performed
to determine whether any genetic marker could predict which
of these high risk patients would be at risk for positive lymph
nodes, vascular invasion, or both. No marker reached statistical
significance. Note that all studies were performed on the pri
mary tumor.
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Fig. 2. Representative IHC for the Rb gene product. A, normal bladder (x 200); B, superficial tumor cells (tumor 5) showing homogeneous (+) Rb expression (x
100); C, invasive tumor cells (tumor 33) showing homogeneous (+) Rb expression (x 200); D, invasive tumor cells (tumor 28) showing altered (-) Rb expression
(large arrow). Note homogeneous Rb expression in lymphocytes and endothelial cells (small arrows) (x 200).

DISCUSSION

The loss of tumor suppressor genes is postulated to play a
role in the development and progression of many solid tumors.
One laboratory has demonstrated that alleile loss on chromo
some 9q is present in both high and low grade bladder tumors,
while allelic loss on chromosomes 1Ip and Up occurred only
in high grade tumors (11). This suggests that the loss of 9q may
be an early event, while losses of 1Ip and 17p occur later in the
pathogenesis of bladder cancer. While controversial, there is
some clinical and experimental evidence that in the develop
ment and progression of bladder cancer there exists a contin
uum starting with low grade and low stage lesions which may
progress to higher grade and higher stage lesions (18, 19). If
this hypothesis is correct, then sequential genetic events may
be associated with tumor progression, as has been suggested in
colon carcinoma (1).

To better define the role of tumor suppressor genes in bladder
cancer, we studied 34 primary bladder tumors by a combined
molecular genetic and immunohistochemical approach. Genetic
alterations were less common in the low grade and stage group
compared to the high grade and stage group. Altered Rb expres
sion and deletions of 3p and 17p were the only alterations
which correlated with pathology criteria. Six tumors had posi
tive lymph nodes at the time of cystectomy; however, no mo

lecular marker could be identified to correlate with this event.
In fact, one of these tumors (tumor 30) failed to show any
genetic abnormalities. Several tumors had more than one dele
tion; yet, these tumors could not be separated from the remain
ing tumors by using pathology criteria. It is interesting to note
that within a given pathological stage much heterogeneity exists
with respect to chromosomal deletions and altered Rb
expression.

The above observations suggest that the accumulation of
deletions on chromosome 3p, lip, 17p, and 18q and altered
Rb expression are late events in the pathogenesis of human
bladder cancer. Their effect on the overall biological potential
of the tumor clearly warrants longer follow-up of our patients
and further studies. While the deletion of a suppressor gene
may not be causal with respect to the invasive phenotype, the
association of specific deletions with higher grade and stage
tumors is interesting. One must interpret the data in this study
with caution because the patient population is heavily weighted
toward the advanced grade and stage categories. However, with
respect to 11p and 17p, similar observations were seen by Olumi
et al. (11). The one area of discrepancy is that they found 17p
deletions in some superficial tumors; yet, those were high grade
lesions. We had only one high grade superficial tumor (tumor
7), and although it demonstrated altered Rb expression, there
was no deletion of 17p.
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B
Fig. 3. IHC for the Rb gene product in positive and negative control cell lines.

A, T24 cell line derived from bladder cancer. Note strong and homogeneous
nuclear staining (x 200). B, Y79 cell line derived from a retinoblastoma. Note
absent nuclear staining (x 200).

The molecular genetic heterogeneity within similarly staged
tumors is interesting in view of the clinical data concerning
bladder carcinoma. It is estimated that >50% of muscle inva
sive, node-negative cystectomy patients will develop metastatic
disease within 2 years (8). It will be important to obtain clinical
follow-up on our patients during the next few years to determine
whether any molecular genetic marker could be used to identify
those patients destined to fail surgical therapy.

In addition to intertumor molecular genetic heterogeneity,
we have also observed heterogeneity within the cells of a given
tumor using IHC techniques (Rb gene product expression).
Within a given specimen some tumor cells expressed, while
other cells failed to express, Rb. We arbitrarily defined 3
categories for Rb expression based on an estimate of the per
centage of tumor cells staining positively for the Rb gene
product. For the statistical analysis the negative and heteroge
neous groups were combined (altered Rb expression) and com
pared to the homogeneous group. In a previous study from our
laboratory a similar stratification resulted in two distinct sur
vival groups in soft tissue sarcomas and showed that the nega
tive and heterogeneous groups behaved in a similar fashion (2).
It is important to state that the partial alÃeleloss detected by
RFLP probes may, in part, result from heterogeneity as well as

the presence of normal stromal cells. Our criteria for allelic loss
was the same as Tsai et al. (10) and Olumi et al. (11).

The results of our study together with previous molecular
genetic data concerning bladder cancer suggest that deletions

Table 1 Pathology, RFLP, and IHC results
Chromosomalarm'Tumor12345678910111213141516171819202122232425262728293031323334Grade"300!233332222333333333333233Stage*PisPaPaPaPaTaNxTaNxPIPIPIPIPI

NlP3aP3aP3aP3bP3bP3bP3bP3bP3bP3bP3bP3bP3bP3bP3bP3bP3bNlP3bNlP3bNIP3bNIP3bNIP4Cellf

\\dTCTCTCTCTCTCTCTCTCTCTCTC

+TCTC

+TCTCTC

+SCSCTCTC

+TCTC

+TCTC

+TCTC

+SC/NE
+TC
+TC
+TCSC

+SC
+SC/NE

+3p++++++NINI++â€”â€”NIâ€”â€”++NINIâ€”â€”â€”+NI_â€”+NIâ€”NINIâ€”+-llp+++++NI++NIâ€”+NININIâ€”++â€”++â€”++NINI+NI-NI++NIâ€”-13qNINININI+NINININININININININININININININININININININININI+NINI+NI17p+++++++NINININIâ€”+NINI_+NI+_â€”â€”â€”+NININIâ€”NI++â€”NINI18q++NI+NINININI++NINIâ€”NIâ€”NI+++_â€”NI++NI+NINI+NI+NININIAltered

Rb
expression^+++/â€”+/~4.++/â€”+/~++/~+/â€”+/â€”â€”â€”+/â€”+_+/â€”jfjâ€”+/~++/â€”+/â€”+/â€”jfjâ€”â€”â€”_+/â€”++/~+/~+-

" Grade 0 refers to papilloma (papillary transitional cell tumors with no

cytological evidence of malignancy).
* N and M categories were zero unless otherwise specified; tumors 6 and 7

were obtained from transurethral resection and thus lymph node status was
unknown (TaNx).

'Cell type: TC. transitional cell; SC, squamous cell; SC/NE, small cell/

neuroendocrine.
d VI, vascular invasion, +, present; -, absent.
' NI, noninformative; +, heterozygous; -, loss of heterozygosity.
'+, >75% of tumor cells express Rb by IHC; +/-, 10-75% of tumor cells

express Rb by IHC; -, <10% of tumor cells express Rb by IHC.

Table 2 Comparison of molecular genetics with tumor grade and stage
Chromosomalarm"Grade01Total23TotalStagePisPaTotalPIP3aP3bP4TotalNo.2687192616753181273p0/20/50/72/410/1412/180/10/50/62/42/27/121/112/19llp0/21/41/61/65/126/180/10/50/61/31/14/131/17/1813q0/00/10/10/00/20/20/00/10/10/00/00/20/00/217p0/20/30/52/56/118/160/10/60/71/10/17/120/08/1418q0/10/30/40/34/104/130/10/20/30/22/22/100/04/14Altered

Rb
expression*1/23/64/86/715/1921/260/13/63/74/53/314/181/122/27

Â°Expressed as number of deletions/informative cases.
* Expressed as altered expression ((+/â€”)and (â€”)from Table 1] by IHC/cases

studied.
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Table 3 Molecular genetic correlation with pathological parameters

Fisher exact test (P values)

Parameter 3p lip 17p
Altered Rb
expression"

Grade* 0.004 0.322 0.063 0.300 0.088
Stage' 0.010 0.092 0.015 0.421 0.054
Vascular invasion'' 0.127 0.069 0.038 0.481 0.296
Positive nodes' 0.226 0.470 0.365 0.574 0.339

" (â€”,+/â€”)versus + tumors from Table 1.
* 0, 1 versus 2, 3.
c Superficial tumors versus invasive tumors.
d + versus - from Table 1.
' + versus â€”¿�from Table 1.

of chromosome 17p and 18q occur in high grade and stage
bladder cancer and may contribute to the progression of this
disease. Two suppressor genes, namely, p53 and DCC, have
been assigned to region 17p 13 (20) and 18q21(21), respectively.
That p53 mutations are often seen in combination with 17p
allelic deletions has previously been demonstrated (22). We
would hope to better define the roles of these suppressor genes
in bladder cancer through IHC in the future.

Suppressor gene deletions are manifested in a variety of solid
tumors. Some deletions, namely, 3p, lip, 17p, 18q, seen in a
variety of high stage tumors may represent a common pathway
for tumor progression. Other deletions such as 9q in bladder
(10, 11) and 5q in colon (1) may be early events in the patho-

genesis of these tumors. The application of molecular genetics
in medical practice will continue to be an important tool in the
upcoming decade as the biological behavior of solid tumors is
better defined.

Note Added in Proof

This study is consistent with that of Ishikawa et al. (Cancer
Res., in press, 1991 ) in which 4 of 14 high stage primary tumors
showed total loss of Rb protein expression.
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