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Abstract

Altered patterns of p53 and pith expression have been reported to be
frequent events and to have prognostic significance in bladder cancer. To
assess the potential adverse consequencesof having altered patterns of
both p53 and pRB proteins in patients with bladder neoplasms compared
with having one or neither abnormality, we have studied a cohort of
superficial transitional cell carcinomas of the urinary bladder by immu
nohistochemical analysis. The present study included 59 well-character
ized superficial transitional cell carcinomas (Ta, n 28; Ti, n = 31) for
which dlinicopathological variables were available. Nuclear overexpres
sion of p53 was identified in 22 cases (37%). A statistically significant
association was observed between the p53-positive phenotype and disease
progression (P < O.OOi),as well as reduced survival (P < 0.001). Unde
tectable levels of pith were observed in ii cases (19%). Patients with a
pRB-negative phenotype had a more frequent disease progression
(P = 0.014) and decreased overall survival (P 0.014). We also observed
a significant association between altered p53 and undetectable pith ex
pression patterns (P 0.001). Nine tumors showed both a p53-positive
and a pRB-negative phenotype. There was an even more marked increase

in progression (P 0.00005) and decreased overall survival (P = 0.0004)
in patients whosetumors had both alterations after controllingfor tumor
stage, tumor grade, and suspicion of vascular invasion. These data suggest
that alterations ofp53 and pith have a cooperative negative effect on both
progression and survival in primary bladder cancer. It may be postulated
that aberrant p53 and pRB expression deregulates cell cycle control at the
G1 checkpoint and engenders tumor cells with reduced response to pro
grammed cell death. The imbalance produced by an enhanced prolifera
five activity and a decreased apoptotic rate may determine the aggressive
clinical course of the bladder tumors harboring both p53 and pRB
alterations.

Introduction

Findings from several lines of investigation suggest that p53 con
trols a cell cycle checkpoint responsible for maintaining the integrity
of the genome. It has been shown that wild-type p53 mediates either
apoptosis or cell cycle arrest in response to DNA damage (1). In
addition, p53 appears to be involved in transcriptional control (2). An
important target of TP53 is p21/WAFJ, which encodes an inhibitor of
CDKs3 and assists in the negative regulation of the cell cycle (3). The
retinoblastoma gene RB encodes a Mr 1 10,000 nuclear protein, pRB

(4, 5), which is a target for the enzymatic activity of cyclin-CDK

Received 11/27/96; accepted 2/14/97.
The costs of publicationof this articlewere defrayedin partby the paymentof page

charges.Thisarticlemustthereforebe herebymarkedadvertisementin accordancewith
18 U.S.C. Section 1734 solely to indicatethis fact.

I This work was supported in part by NIH Grants CA-47538 and ES-067 18 (to C. C-C.

andZ-F.Z.) andNIHGrantCA-54672(to W.F.B.).
2 To whom requests for reprints should be addressed, at Department of Pathology,

Division of MolecularPathology,MemorialSloan-KetteringCancerCenter, 1275 York
Avenue, New York, NY 10021. Phone:(212) 639-7746; Fax: (212) 794-3186.

3 The abbreviations used are: CDK, cyclin-dependent kinase; RB, retinoblastoma;

SAS, StatisticalAnalysis System.

complexes (6, 7). pRB is in the underphosphorylated form in G@,and
as cells progress into late G1 and early S phase, pRB becomes highly
phosphorylated and remains phosphorylated in G2. The underphos
phorylated form of pRB is believed to be the functionally active form
of pRB in G@JmiddleG1, exerting its negative regulatory effect on
gene expression through complex formation with DNA-binding pro
teins (8). pRB can complex stably by interaction with cellular pro
teins, including members of the E2F family (9, 10). Unbound E2F
transcription factors stimulate transcription of cellular genes impli
cated in the induction of S phase (1 1).

Mutations of TP53 and RB genes are common events in human
neoplasms (12â€”14),including bladder tumors (15, 16). Moreover,
strikingly significant correlations between TP53 mutations and/or
altered patterns of p53 expression and poor survival of bladder
cancer patients have been documented independently by different
groups of clinical researchers (17â€”21).Similarly, RB mutations
and altered patterns of pRB have been detected in transitional cell
carcinomas of the bladder (22â€”25), and their identification was
also correlated with reduced patient survival (24, 25). In an effort
to establish biological systems to study p53 and pRB, targeted gene
expression and knockout murine models for these genes have been
developed and characterized. Animals homozygous for a RB mu
tation die in utero; however, germ-line mutations in TP53 and RB
each predispose mice to cancer (26, 27). In a recent study, the
cooperative tumorigenic effects of germ-line mutations in TP53
and RB have been established. Heterozygous mice mutant for both
genes have reduced viability and exhibit novel cancer pathology,
including increased tumor burden (28). We undertook the present
study to assess the potential adverse consequences of detecting
altered patterns of both p53 and pRB proteins in a well-character
ized cohort of patients with superficial bladder cancer.

Materials and Methods

Patient Characteristics and Tissues. A cohortof 59 patientswith super
ficial bladder tumors was used for the present study. Demographic data on this
groupareas follows: 51 patientswere males and 8 were females, medianage
was 62 years, and median follow-up was 119 months. Tumor staging of the 59
cases was done according to the tumor-node-metastasis (Union International
Contre Cancer) system (29): 28 Ta (papillary superficial tumors) and 31 Ti
(tumorsinvadingthe laminapropria).Eighteentumorswere classified as low
grade (grade 1), 36 as intermediate grade (grade 2), and 5 as high grade
(grade 3).

we analyzedtumortissues in all 59 patients(tissueswereobtainedfromthe
Department of Pathology). These tissues were formalin fixed and paraffin
embedded. Representative H&E-stained sections of each block were examined
microscopically to confirm the pathological stage and grade of lesions to be
studied.

Monoclonal Antibodies and Immunohistochemistry. Mouse monoclonal
antibody PAbl8Ol (Ab-2, Oncogene Science, Manhasset, NY) recognizes an
epitope located between amino acid 32 and 79 of both wild-type and mutant
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Table 1 Combined p53 and pRB expression andclinicalpathologicalfactorsFactorp53

andpRBaP

value@'Group1Group 2 Group3(%)Age

<60
60
Total

Gender
Male
Female

Grade
1

2
Stage

Ta
Ti

v@ul&invasion
No
Yes

Dead of disease
No
Yes

Progression
No
Yes13

22
35

30
5

17
18

20
15

33
2

34
1

32
37

3
8 6

15 9

12 9
3 0

1 0
14 9

6 2
9 7

13 4
2 5

ii 4
4 5

9 2
6 7(13.0)

(16.7)
(15.3)

(17.7)
(0.0)

(0.0)
(22.0)

(7.1)
(22.6)

(8.0)
(55.6)

(8.2)
(50.0)

(4.7)
(43.8)0.750

0.42i

0.0007

0.165

0.003

0.0004

0.00005
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Fig. 1. Photomicrographsofbladder tumorsusing immunohistochemicalstainingwithantibodiesPAb18O1to p53 (A andC) andRB-WL-1to pRB (B andD). A, absenceof staining

withPAb18O1in a papillarysuperficialbladdertumor.B, positive nuclearimmunoreactivitywith anti-pRBantibodyRB-WL-i on normalcells andtumorcells in a consecutivesection
of the case illustratedin A. C and D correspondto other superficialbladdertumorsdisplaying p53-positive and pRB-negativephenotypes,respectively. Note the strong nuclear
immunostaining of nonnal cells with antibody RB-WL-i in D (arrows). X200.

sections (17). Briefly, sections were incubated for 15 mm with 10% normal
horse or goat serum (Organon Teknika Corp. west Chester, PA), followed by
an overnight incubation with appropriately diluted primary antibodies
(PAbl8Ol or Ab-2 was used at 0.2 pg/mi; RB-WL-l was used at 0.5 p.g/ml).
After extensive washing, sections were incubated for 30 mm with biotinylated
horse anti-mouse IgG or goat anti-rabbit antibodies (1:200 and 1:800 dilution,
respectively;VectorLaboratories,Burlingame,CA) andthenincubatedfor an
additional30 mm with avidin-biotin-peroxidasecomplexes (VectorLaborato
ries; 1:25dilution).Diaminobenzidine(0.06%)was used as the final chromo
gen, and hematoxylinwas used as the nuclearcounterstain.

hnmunohistochemicalevaluation was done by at least two independent
investigators scoring the estimated percentage of tumor cells that showed
nuclear staining. p53 nuclear immunoreactivitieswere considered positive
when at least 20% of the tumorcells showed nuclearstaining(15). pRB was
considered undetectable when nuclear staining was observed in normal endo
theial cells and/or mesenchymal elements but not in tumor cells (16). The
immunohistochemicalanalysiswas done in a blindedfashion,withoutknowl
edge of the clinical information.

Statistical Analysis. For clinicopathological variables, pathology stage
was categorizedinto two subgroups:Ta and Tl. Gradewas categorizedinto
two groups: grade 1 and grades 2 and 3. Suspicion of vascular invasion was
recorded as yes/no in the data analysis. For biomarker variables, we used a
cut-point of 20% for p53 [<20% as negative and 20% as positive (15)]; for
pRB, cases were categorized as presenting detectable or undetectable levels
(25).Two-tailedFisher'sexacttest(32)wasusedto assesstheassociations
between ciulcopathological variables and laboratory data, and a two-tailed P
value of 0.05 was used as a significant level. For variables with more than two
categories, the dose-response relationship was assessed by the trend test using
the Mantel-Haenszelmethod(33). The FREQprocedurein SAS was used for
this study (34).

human p53 proteins (30). RB-WL-l, a purified rabbit polyclonal antiserum to
pRB raised against a synthetic peptide corresponding to exon 10 of the human
RB gene, was also used for the present study (31).

The avidin-biotinperoxidasemethodwas performedon 5-p.m-thicktissue

a@ i, p53â€”and pRB+; Group 2, p53â€”and pRBâ€”/p53+ and pRB+; Group 3,
p53+ andpRBâ€”.

b@ values were estimated by two-tailed Fisher's exact test.
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Fig.2.Progression-freeandsurvivalcurvesforpatientswithsuperficialbladdercarcinomas.TheKaplan-Meiermethodwasusedtoestimateoveralldisease-freesurvival.Log-rank
analysis was used to compare the curves. A illustrates that progression was significantly reduced in patients with tumors possessing a p53-positive and pRB-negative phenotype
(P < 0.001). B illustrates that survival was significantly reduced in bladder cancer patients having both p53 and pRB alterations (P < 0.001). Tick mark (I) indicates last follow-up.

In the analyses of disease progression or survival, patients who progressed Results and Discussion
or died of bladdercancerwere classified as failures,andpatientswho did not
progress, were still alive, died of other diseases, or were lost to follow-up
during the study period were coded as censored. Progression-free and survival
time were defined as the time from date of surgery to the end point (progres
sion ordeathorcensoring).Progression-freeordisease-specificsurvivalswere
evaluated using the Kaplan-Meier method (35) and the log-rank test (36). The
UFETEST procedure in SAS was used (34). Proportional hazards analysis was
used to obtain maximum likelihood estimates of relative risks and their 95%
confidence interval (37, 38). immunohistochemically.

1.

Altered Patterns of p53 Expression in Superficial Bladder Can
cer. Noneofthe morphologicallynormalurotheial andmesenchymal
cells in all 59 bladder tumors analyzed showed detectable p53 nuclear
immunoreactivity. This finding is consistent with the well-docu
mentedshorthalf-lifeof the wild-typep53 protein,whichis normally
present at very low, steady-state levels (39) and is thus undetectable
. - Mutant p53 productshave a half-life4â€”20
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Table 2 Interactionbetweenp53 and pRBon the riskofprogression in bladdercancerFactorUnivariateMultivariateâ€•p@b95%

CIcP value'@p,@b95%@value'p53

and pRB
Grouple
Group2
Group 3

Grade1.00

6.09
13.451.52â€”24.423.44â€”52.570.01080.00021.00

4.48
10.201.00â€”20.092.15â€”48.350.05040.003511.001.002

and38.191.08â€”62.20.04211.970.20â€”19.70.5631Stage

Ta1.001.00Ti4.681.33â€”16.40.01613.220.84â€”12.330.0870Vascular

invasionNo1.001.00Yes2.150.69-6.670.18750.500.14â€”1.770.2857

Table 3 Interaction beiween p53 andpRB on thesurvivaI in bladdercancerâ€•FactorUnivariateMultivariate@'RR395%

Ci@'P valuec95% CIPvaluecp53

and RB
GroupIâ€•1.001.00Group

211.081.24â€”99.170.03158.350.92â€”76.190.0599Group
320.382.38â€”174.60.005910.561.03â€”108.70.0576StageTa1.001.00TI8.401.06â€”66.40.04363.810.41â€”35.250.2382

p53 AND pRB ALTERATIONS IN BLADDER TUMORS

Interaction between Altered Expression of p53 and pith in
Superficial Bladder Cancer. Analysis of data from this study
showedthat there was a significantassociationbetweenp53 nuclear
overexpression and undetectable pRB (P = 0.001). Table 1 summa
rizes the comparison of p53 and pRB expression patterns and clini
copathological variables studied. Three groups of patients with dis
tinct phenotypes were identified. Patients in group 1 exhibited wild
type phenotypes (p53-negative and pRB-positive nuclear reactivities;
n 35).Patientsin group2 displayedanalteredexpressionpatternin
one of the two suppressor gene products (p53-negative/pRB-negative
or p53-positive/pRB-positive reactivities; n = 15). Group 3 patients
manifested alterations in both products (p53-positive/pRB-negative
immunostaining; n = 9). A higher proportion of patients with alter
ations in both p53 and pRB was found to manifest advanced tumor
grade (P = 0.0007) and showed vascular invasion (P = 0.003; Table
1). There was an even more marked increase in progression and
decreased overall survival in these patients (P = 0.00005 and 0.0004,
respectively). Disease progression and survival in different groups
were statistically significant (P 0.0001 and 0.0011, respectively;
Fig. 2).

Univariateand multivariateanalyses were then performedusing
proportional hazards models to assess the prognostic significance of
all clinicopathological variables and phenotypic patterns. Tables 2 and
3 summarize the interaction between p53 and pRB on the risk of
progression and death of bladder cancer. Patients in groups 2 and 3
had an approximately 4-fold and 10-fold higher risk of disease pro
gression, respectively, than those in group 1. These results were based
on the multivariateanalysis after controlling for tumor stage, tumor
grade, and vascular invasion (Table 2). Moreover, altered phenotypic
expression of p53 and pRB was the sole independent marker for
disease progression in this study. Similarly, patients in groups 2 and
3 had an approximately 8-fold and 10-fold higher risk of death due to
bladder cancer in multivariateanalysis, respectively, than those in
group 1 on the basis of the multivariateanalysis conducted(Table 3).
Furthermore, altered patterns of p53 and pRB were again the only
independent marker to predict survival.

Results from the present study suggest that alterations of p53 and
pRB have a cooperative negative effect on both progression and
survivalin primarysuperficialbladdercarcinomas.It may be postu
lated that aberrant p53 and pRB expression deregulates cell cycle
control at the G1 checkpointand engenders tumorcells with reduced
response to programmed cell death. The imbalance produced by an
enhanced proliferative activity and a decreased apoptotic rate may
determine the aggressive clinical course of the bladder tumors har
boring p53 and pRB alterations. Supporting this working hypothesis

aAll factors listed for multivariate analysis were included in a proportional hazards
model.

b@ relative risk.

C CI, confidence interval.

d ,, values were obtained from proportional hazards analyses.

@Group1, p53 and pRB+; Group2, PS3â€”and pRBâ€”/p53+and pRB+; Group3,
p53+ and pRBâ€”.

times longer than the wild-type p53 protein (39). This longer half-life
results in the accumulation of mutant p53 protein in the nucleus,
rendering it detectable by immunohistochemicalassays (17â€”21).In
several independent studies on bladder cancer, detection of p53-
positive nuclear immunostaining has been strongly associated with
identification of TP53 gene mutations (15, 19). However, absence of
nuclear immunoreactivity does not completely rule out mutation of
the TP53 gene, such as certain nonsense mutations producing trun
cated p53 products lacking the nuclear localization signal (40).

In the present study of 59 superficial bladder tumors, 37 (63%)
cases were scored as having a p53-negative phenotype (Fig. 1A),
whereas nuclear overexpression of p53 was identified in 22 (37%)
cases (Fig. 1C). p53 nuclear overexpression was not associated with
age (P = 1.000), gender (P = 1.000), or tumor stage (P = 0.28 1). A
statistically significant association was observed between p53-posi
tive phenotype and tumor grade (P = 0.001) and vascular invasion
(P = 0.010). Moreover, p53 nuclear overexpression was significantly
associated with disease progression (P < 0.001) and reduced survival
(P < 0.001).

Altered Patterns of pith Expression in Superficial Bladder
Cancer. Normal urothelial cells and most mesenchymal elements,
especially endothelial cells, in all of the samples studied displayed a
strong pRB nuclear stainingas a positiveinternalcontrol.The anti
body used in the present study detects both underphosphorylated and

phosphorylated pRB protein forms. Contrary to mutant p53, which
tends to accumulate in the nuclei of tumor cells, mutagemc deactiva
tion of RB appears to produce a spectrum of altered patterns of
expression, from undetectable pRB levels to heterogeneous cytoplas
mic localization of truncated pRB products that have lost their nuclear
localization signal (16, 24, 25).

In the present study, pRB was found to be expressed in 48 (8 1%)
cases (Fig. 1B), whereas undetectable levels of pRB nuclear staining
were observed in 11 (19%) cases (Fig. lD). We did not identify
samples in which cytoplasmic immunoreactivities occur with con
comitant lack of nuclear staining. The pRB-negative phenotype was
not associated with age (P = 1.000) or gender (P = 0.330). However,
statistically significant associations were observed between undetect
able pRB and tumor stage (P = 0.045), as well as tumor grade
(P = 0.013). There was a strong association between pRB-negative
phenotype and suspicion of vascular invasion (P = 0.008). Further
more, undetectable levels of pRB in tumor cells were significantly
associated with disease progression (P = 0.006) and reduced survival
(P = 0.014).

Vascularinvasion
No 1.00 1.00
Yes 6.17 1.77â€”21.5 0.0042 1.87 0.37â€”9.46 0.4491

a Grade was excluded from analysis since there was no one died of disease in grade 1

group. Abbreviations as in Table 2.
MI factors listed for multivariate analysiswere included in a proportionalhazards

model.
C p values were obtained from proportional hazards analyses.

d Group I, p53 and pRB+; Group 2, PS3â€” and pRBâ€”/p53+ and pRB+; Group 3,

p53+ and pithâ€”.
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p53 AND pun ALTERATIONS IN BLADDER TUMORS

are the facts that alterations of p53 and pRB have been shown to
correlate with bladder cancer behavior (15â€”25)and aberrant expres
sion of both p53 and pRB are associated with poor clinical outcome
in early stage non-small cell lung carcinoma (41, 42). Furthermore,
the in vivo cooperative tumorigenic effects of TP53 and RB have been

established recently by the development of heterozygous mice mutant

for both genes. These mice have reduced viability and exhibit novel
pathology, such as retinal dysplasia, increased tumor burden, and
metastatic spread (28). Taken together, these observations parallel

those noticed in clinical settings, including those outhned in this
reportof earlybladdercancer.

The propermanagementand overall control of bladdercancer is a
majorchallenge in clinical oncology. Because the modalityof therapy
primarily depends on morphological evaluation and clinical staging,
the diagnosis carries significant consequences. However, it is well
known that morphologically similar tumors presenting in any assigned

stage, mainly early superficialneoplasms, may behave in a radically
different fashion. This fact seriously hampers the ability to accurately
predict clinical behavior in a given case. Prospective clinical analyses
using large and well-characterized cohorts of patients are needed to
better delineate the role of TP53 and RB alterations as they may affect
the managementof patientswith bladdercancer.
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