Urol Res (2000) 28:285-292

© Springer-Verlag 2000

ORIGINAL PAPER

T. Liukkonen - P. Lipponen - M. Raitanen
E. Kaasinen - M. Ala-Opas - P. Rajala - V.-M. Kosma
Finnbladder Group

Evaluation of p21WAF/CIP1

and cyclin D; expression

in the progression of superficial bladder cancer

Received: 13 September 1999 /22 March 2000

Abstract Immunoreactivity of p21VAFV/CP and cyclin

D, proteins was assessed in a cohort of 207 patients with
superficial (pTa-pT;) bladder cancer followed up for a
mean of 4.9 years. The results of the immunostainings
were compared with T category, WHO grade, tumor cell
proliferation rate (MIB-1 score), the expressions of p53
and bcl-2 as well as survival. Sixty-eight percent and
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75% of the tumors were p21VAFVCIPL positive (25% of
cells positive) and cyclin D; positive (=10% of cells
positive), respectively. The p2 1 WAFL/CIPL expression was
related to cyclin D; immunolabelling (P < 0.001)
but not to the other variables studied. The expression
of cyclin D; was inversely associated with T category
(P =10.001), WHO grade (P =0.006), MIB-1 score
(P =0.014), p53 expression (P =0.001), and bcl-2
(P =0.011) immunoreactivity. In univariate analysis, T
category (P =0.0001), WHO grade (P < 0.0001),
MIB-1 score (P < 0.0001), bcl-2 (P =0.0092), p53
(P =0.0016) and p21WVAFV/CIPL (p — 0.009) expressions
were significant prognostic factors with regard to tumor
progression, whereas cyclin D; was without any prog-
nostic significance (P = 0.1). Out of 123 p21 positive
tumors 21 progressed, whereas only 2 out of 58 p2l
negative tumors progressed. In multivariate analysis,
the MIB-1 score was the only independent predictor of
cancer-specific survival (P = 0.03), whereas tumor grade
(P =0.002) and cyclin D, expression (P = 0.04) were
independent predictors of tumor recurrence. Only the
WHO grade (P = 0.04) retained its prognostic value
indicating the risk of progression. We suggest that in
superficial bladder cancer p21VAFVCP and cyclin D,
immunohistochemistry provide no additional prognostic
information compared with already established prog-
nostic factors for predicting the risk of progressive
disease.
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Introduction

The optimal management of superficial bladder cancer
(SBC) requires the assessment of a tumor’s biological
potential. Tumor grade and stage determined histologi-
cally have been the primary prognostic variables. The
role of subjective grading as a prognostic factor is,
however, a matter of controversy due to its low
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interobserver reproducibility [39]. Pathologists also have
difficulties in interpretating the depth of invasion in
superficial bladder cancers [2]. Therefore, a variety
of molecular prognostic markers have been developed in
order to predict more accurately those superficial tumors
that recur and progress.

The control of cell proliferation plays an essential
role in the progression of bladder cancer. Normal cel-
lular proliferation occurs by an orderly progression
through the cell cycle, which is regulated by cell cycle-
associated protein complexes composed of cyclins and
cyclin-dependent kinases (CDXKs) [8]. Loss of this cell
cycle control appears to be an early step in the devel-
opment of carcinogenesis and, ultimately, cancer pro-
gression [49]. The wild-type p53 protein is capable of
arresting the cell cycle in response to DNA damage
by inducing p21WAFVCIPL 1131 The p21WAFI/CIPL jg 3
versatile, although not universal, inhibitor of CDKs;
it appears to be effective against CDK,, CDK3;, CDK,
and CDKg, less effective against CDK | and CDKg5, and
ineffective against CDK; [38]. The p21WAFI/CIPL g
observed to induce a G, phase arrest, suggesting that in
vivo the inhibitor preferentially acts upon complexes with
the G, cyclins, D and E [38]. However, p2 | WAFL/CIPI cap
also be upregulated in a p53-independent manner by
a number of agonists, including transforming growth
factor-beta (TGF-f), platelet-derived growth factor
(PDGF), fibroblast growth factor (FGF) and epidermal
growth factor (EGF), as well as the intracellular signal
transduction protein STATI, for the purpose of inhibit-
ing the progression of the cell cycle [38]. The p21WAFI/CIP
may therefore serve as an intermediary link between the
core cell cycle machinery and a variety of upstream signal
transduction pathways operating in cell proliferation
control and differentiation.

A decrease in p21WAFVCIPL expression is accompa-
nied by an unfavorable prognosis in colorectal, lung,
gastric and breast cancers [46, 23, 52]. In contrast,
p2 1 WAFICIPL yerexpression emerged as an important
indicator of shortened disease-free survival in gliomas
[24], head and neck cancers [14] and prostatic cancers [1].
The role of p21WAFV/CIPL expression in bladder cancer is
somewhat contradictory as some authors report a posi-
tive prognostic impact of p21 WAFVCIPL expression [48],
while according to a study by Lipponen et al. [29] it
provides no additional prognostic information compared
with already established prognostic factors in bladder
cancer. Makri et al. [33] suggest that p21WAFUCIPI
inhibits cell proliferation either in a p53-dependent or
-independent manner but does not mediate p53-induced
apoptosis in urothelial carcinoma cells. Finally, accord-
ing to studies by Kawasaki et al. [22], p21WAFl/CIP
expression itself may have an important role in the
induction of apoptosis by DNA-damaging agents.

Cyclin D is a protein derived from the cyclin D, gene
(CCND 1) or bel-1 gene on chromosome 11q13, which is
involved in both normal regulation of the cell cycle and
neoplasia [36, 10]. In the G; phase of the cell cycle, cyclin
D, together with its cyclin-dependent kinase (CDK,4 and

CDKg) partner, is responsible for the transition to the S
phase by phosphorylating the product of the retino-
blastoma gene (pRb). Amplification of the CCND, gene
or overexpression of the cyclin D; protein releases a cell
from its normal controls and causes transformation
to a malignant phenotype [10]. Indeed, the increased
expression of cyclin D; has been shown in a number
of human tumors and cell lines [10].

The purpose of the current study was to elucidate the
expression of p21WVAFVCPL and cyclin D, in superficial
bladder cancer and to investigate whether they can
provide predictive information of disease progression.

Materials and methods

From December 1991 to March 1994 in 23 Finnish hospitals (the
Finnbladder III Group) altogether 273 patients with newly diag-
nosed superficial transitiocellular carcinoma of the urinary bladder
were randomized into three different groups of treatment. In this
Finnbladder III trial, one group was treated by transurethral re-
section (TUR) alone, the second group received 50 million IU in-
terferon a-2b (Intronar®, Schering-Plough) for 2 h after TUR and
the third group received 100 mg epirubicin (Farmorubicin®,
Pharmacia-Upjohn) for 2 h after TUR. The three treatment groups
were of equal size, evenly balanced and comparable with each other
in terms of stage, grade and papillary status distribution. The
primary diagnostics and staging were carried out according to
the UICC 1978 classification [51]. The initial staging was based
on urethrocystoscopy, cytological examination of voided urine
and excretory pyelography.

The patients were followed every 3 months during the first
2 years and thereafter individually. At every visit, cystoscopy
and urine cytology studies were performed to detect recurrences.
The causes of death were analyzed separately in each case. The
pertinent clinical data are summarized in Table 1.

Histological methods

The histological samples were either preoperative bioptic or per-
operative TUR specimens. They were fixed in buffered formalin,
embedded in paraffin, sectioned at 5 pm and stained with hemato-
xylin and eosin for histological examination. Pathological staging
and grading were performed in a blinded manner according to the

Table 1 Clinical data of the patients (TUR transurethral resection,
TUR + EPI transurethral resection + 100 mg epirubicin im-
mediately after TUR, TUR + IFN transurethral resection + 50
million IU interferon «-2b immediately after TUR)

Number of patients 207

Mean age at diagnosis
(years)

Sex, females/males

Mean follow-up (years)

65.8 (range 30-89)

55/152
4.9 (range3.7-6.0)

Stage:

pTa 169

pT1 38
Treatment

Stage pTa/pTI1 1/2/3

Grade Papillary/nodular
TUR only 54/11 37/21)7 547
TUR + EPI 59/13 37/27/8 65/4
TUR + IFN 56/14 29/31/10 63/3




WHO classification [37]. Slides of the tissue blocks from each par-
ticipating hospital were evaluated by the referee pathologist to ob-
tain a uniform diagnosis of pT category and grade. The total number
of eligible patients was reduced to 207; in the majority of cases this
was due to insufficient sample material, but in some cases also due to
protocol violation and change in pT category by the referee
pathologist. The papillary status of tumors could be evaluated in 196
cases (P.L.) and tumors were divided into papillary (n = 182)
and nodular types (n = 14). Tumors were considered papillary if
papillary stromal projections covered by tumor epithelium were
present. In nodulary tumors, no such stromal structures could be
detected.

Immunohistochemistry

The cohort was not entirely consecutive, since most of the tumors
were small superficial TCCs and the amount of tissue for immu-
nohistochemical analysis was therefore limited. For the same
reason the data obtained from the evaluated parameters were
not entirely uniform.

IWAFI/CIPL and cyclin D, immunohistochemistry

P2
In order to demonstrate the presence of p21WAFVCIPD protein,
S-um serial sections from the primary bladder cancers were heated
in a microwave oven for 5 x 5-min in 0.01 M citrate buffer (pH
6.0). Thereafter, the slides were processed according to standard
practice. The sections were incubated with the monoclonal anti-
p21 protein (Novocastra Laboratories Ltd., Newcastle upon Tyne,
UK) antibody diluted at 1:20 in phosphate-buffered saline (PBS).
Secondary antibody (Vectastain ABC Elite kit, Vector, Calif.,
USA) was used at a dilution of 1:200 in PBS, and then the slides
were incubated for 20 min in preformed avidin-biotinylated per-
oxidase complex (Vectastain ABC Elite Kit, Vector, Calif., USA).
The color was developed with diaminobenzidine tetrahydrochlo-
ride (DAB) substrate (Sigma, Poole, UK), slightly counterstained
with Mayer’s hematoxyline, dehydrated, cleared, and mounted
with DePex (BDA Ltd., Poole, UK). Cyclin D; was demonstrated
using the same staining procedure as in p21VAFVSIPD immuno-
histochemistry. The antibody was purchased from Novocastra
Laboratories (Newcastle upon Tyne, UK) and was used at a
dilution of 1:100. Positive and negative controls were used in all
the patches of the stainings. The p21™AFVC™Pl and cyclin D,
status could be evaluated in 181/207 (87%) and 187/207 (90%) of
cases, respectively.

Scoring of p21 WAFVCIPL and cyclin D, expression

The nuclear expression of p21VAF/CP! and cyclin D, proteins was
analyzed in the entire section in at least ten microscopic fields. The
mean fraction of these fields was calculated and used in further
statistical analyses. Tumor nuclei were considered positive for
p21WAFLCIPL when a clear staining signal was present. The ex-
pression of cyclin Dy was considered positive only when distinct
nuclear positivity was present. Faint expression of cyclin D; was
present in some of the tumor cell nuclei but it was not included
in the scoring process as recommended previously [15]. Based
on previous studies [26, 50] the cut-off limit for cyclin D, was set
at 10%. Likewise, we chose 5% as a cut-off limit for p21<™!
according to previous reports [7, 25].

p53 Protein

The p53 protein was detected by a routine method as described
before [27]. The p53 expression (CM1 antibody, Novocastra
Laboratories Ltd., Newcaste-upon-Tyne, UK; dilution 1:1200) was
scored from the area that contained the highest fraction of positive
nuclei. The fraction of positive cells was recorded and at least 2000
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cells were evaluated. A bladder cancer biopsy specimen showing
intense positivity for p53 was used as a positive control. A nega-
tive control was processed without primary antibody. The cut-off
value for p53 positivity (20%) was based on the study by Sarkis
et al. [44]. The pS3 status could be evaluated in 205/207 (99%)
cases.

Ki-67 nuclear antigen (MIB-1)

From routinely processed representative paraffin blocks 5-um sec-
tions were cut and placed on poly-L-lysine coated slides. Overnight
drying of the sections at 37 °C was followed by dewaxing and
hydration. The sections were dewaxed in xylene and rehydrated in a
graded series of ethanol to water. Citrate buffer (pH 6.0) was used
for antigen retrieval in a microwave processor. The sections were
treated twice for 7 min at 850 W power in a household microwave
oven, after which the sections were allowed to cool in the buffer for
30 min. For the immunostaining of Ki-67 antigen, the monoclonal
antibody (IgG1), Immunotech S.A. Marseille, France) was used
at a 1:40 concentration. The sections were incubated at +4 °C
overnight, and the primary antibody was demonstrated with a
streptavidin-biotin technique (Zymed Laboratories Inc., Calif,,
USA). Diaminobenzidine was used as the final chromogen. The
counterstaining was performed using 0.4% ethyl green in acetate
buffer for 15 min.

The quantitation of immunohistochemistry was done as
described before [30]. The evaluation was done by one observer (T.
L.) using a computer-assisted image analysis system (CAS-200
Software, Beckton Dickinson, USA). The cutoff point of 15% was
chosen. The method has been tested in previous studies [42, 43].
The quantitation of MIB-1 score could be reliably done (the result
of immunostaining was acceptable, there was no confounding
background staining and the specimen was representative, con-
taining sufficient cancer tissue) in 196/207 (94%) of cases.

bcl-2 protein

For immunohistochemical demonstration of bc/-2 protein, 5-um
sections from the primary bladder carcinomas were processed as
detailed in connection with MIB-1 immunohistochemistry. After
microwave heating the tissue sections were incubated with the
monoclonal anti-bcl-2 protein (Dako, Denmark) antibody diluted
at 1:400 in PBS. Several dilutions of the antibody were tested to
avoid background staining and to find optimal staining before the
entire series was processed. The sections were washed twice for
5 min with PBS, incubated for 20 min with biotinylated secondary
antibody (Vector, Calif., USA) diluted at 1:200 in PBS. Sections
were washed twice for 5 min with PBS, developed with diam-
inobenzidine tetrahydrochloride substrate (Sigma, Poole, UK),
slightly counterstained with Mayer’s hematoxyline, dehydrated,
cleared and mounted with DePex (BDA Ltd., Poole, UK). Histo-
logically confirmed B-cell lymphoma biopsy specimens were used
as positive controls. Tumor infiltrating lymphocytes served as
internal controls and a part of them was positive in all sections.
Sections prepared without primary antibody were used as negative
controls.The status of bc/-2 could be evaluated in 202/207 (98%) of
cases.

Scoring of bcl-2 protein expression

Twenty microscopic fields with a magnification X250 were evalu-
ated. The immunoreactivity of bc/-2 protein in basal cells (1-3 cell
layers) was scored negative or positive. The immunoreactivity of
bcl-2 protein in non-basal tumor cells was scored as positive or
negative (0) and the immunoreactivity of bc/-2 in positive cases was
further classified as weak (1) or strong (2) The fraction of bcl-2
positive cells was also estimated.

In normal bladder mucosa, bcl-2 is weekly expressed in 2-3
basal cell layers and not at all in other cell layers. In papillary
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tumors bcl-2 is expressed in basal cells and in some tumors, also
in non-basal cells. Based on a previous study [28] we analyzed the
expression of hc/-2 in nonbasal cells and the group limit was set
at 0.

Analysis of prognostic factors

As disease outcomes, the time elapsed from the initial treatment to
the first recurrence (recurrence-free interval), the first evidence of
progressive disease (progression free interval) and the time of death
from bladder cancer were considered. Progressive disease was
defined as a recurrence with a higher tumor stage (from pTa to pT1
or from pT1 to muscle invasive disease) or the development of
regional or distant metastases.

Statistical methods

The basic statistics were done by using SPSS 7.5.1 for Windows.
The associations between p21WAFUCIPL - cyclin DI, p53, MIB-1,
bcl-2, tumor stage, grade and number of recurrent or progressive
tumors as well as cancer-specific deaths were assessed by Fisher’s
exact test. Univariate survival analysis was based on a life table (log
rank analysis) method with the statistics by Gehan. Multivariate
survival analysis (the analyzed parameters were tumor stage, grade,
MIB-1 score, p21WAFI/CIPL cyclin Dy, bel-2 and p53 expression)
[19] was performed in a stepwise manner.

Results

The clinical data, the distribution of patients in the
pathological stages, WHO grades, papillary status as
well as treatment arms are shown in Table 1. Twenty-
eight out of 207 cases progressed (13.5%) during a mean
follow-up period of 4.9 years (range 3.7-6.0). One hun-
dred and thirty-two out of 207 (64%) patients developed
a recurrence and 10/207 (5%) died of bladder cancer.
The status of p21 WAFI/CIPL coyld be evaluated in 181/
207 cases. The expression of p21 WAFVCIPL nrotein was
always nuclear (Fig. 1). The fraction of positive nuclei
ranged from 0 to 95% and intratumor heterogeneity of
p21WAFI/CIPT expression was common. One hundred
and twenty-three out of 181 cases (68%) were positive

| WAF1/CIPL

Fig. 1 Nuclear expression of p2
cell bladder cancer. Magnification x400

in a grade 2 transitional

(=5% of cells positive) and 58 (32%) negative (<5% of
cells positive) for p21 WAFI/CIPL

The positivity of p21WVAFVCP wwas neither related
to tumor stage (P = 0.5) nor grade (P = 0.4). Further-
more, no relationship was found between immunostain-
ing of p21 WAFVCIPL and tumor proliferation rate (MIB-1
score) (P = 0.7) or p53 immunoreactivity (P = 0.6). The
expression of hcl-2 was also independent of p21VAF!
P limmunostaining (P = 0.3) (Table 2) and there was
no correlation found between p21 and bc/-2 expression in
p53 negative tumors (P = 0.9) (Table 3).

Cyclin D, status could be evaluated in 187/207 cases.
The expression was nuclear (Fig. 2). Of the 187 cases,
140(75%) were cyclin D, positive (=10% of cells posi-
tive). The expression of cyclin D was inversely associated
with tumor stage (P = 0.001), grade (P = 0.006), MIB-1
score (P = 0.014), p53 immunoreactivity (P = 0.001) and
bcl-2 expression (P =0.011). There was, however, a
positive relationship between cyclin Dy and p21WAFVCIPT
immunostaining (P < 0.001) (Table 4).

In univariate analysis, T category (P = 0.0001),
WHO grade (P < 0.0001), MIB-1 score (P < 0.0001),
bel-2 (P = 0.0092), p53 (P = 0.0016) and p21WAFVCIFT
(P = 0.0089) (Fig. 3) were significant prognostic factors
with regard to tumor progression, whereas cyclin D; was
without any prognostic significance (P = 0.1) (Fig. 4).
Out of 123 p21WAFI/CIPL pagitive tumors, 21 Progressed
whereas only two out of 58 p21WAFVCIPL pegative
tumors developed a progression. Seventy-two cases
expressed p53 and p21 concomitantly. One out of 17

21WAF1/CIPIpeoative/p53 positive and 11 out of 30
p21 WAFLCIPL, o6itive/p53 positive tumors, respectively,
progressed (P = 0.058).

In multivariate analysis the MIB-1 score was the
only independent predictor of cancer-specific survival
(P =0.03). Tumor grade (P =0.002) and cyclin D;
expression (P = 0.04) were independent predictors of
tumor recurrence. Only the WHO grade (P = 0.04)
retained its prognostic value with regard to predicting
the risk of progression.

Fig. 2 Nuclear expression of cyclin D; in a grade 3 transitional cell
bladder cancer. Magnification x400



Table 2 The relationship between the expression of p2l protein
and tumor stage, tumor grade, MIB-1 score as well as the expres-
sion of p53 and bcl-2. The p21- = <5% of cells positive for p21;
p21+ = 25% of cells positive for p21; MIB-1- = <15% of cells
positive for MIB-1; MIB-1+ = 215% of cells positive for MIB-1.
The p53— = <20% of cells positive for p53; pS3+ = 220%
of cells pos1t1ve for p53; bcl-2 = non basal cells negative for,
bel-2+ = non basal cells positive for bcl-2; % test and Fisher’s
exact test (two-tailed P-values)
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Table 4 The relationship between the expression of cyclin D and
tumor stage, tumor grade, MIB-1 score as well as the expression of
p53, p21 and bcl-2. The p21- = <5% of cells positive for p21;
p21+ = 25% of cells positive for p21; cyclinD,— = <10% of cells
positive for cyclinD;, cyclinD+ = >10% of cells positive for cy-
clinD1; MIB-1- = <15% of cells positive for MIB-1, MIB-
1+ = 215% of cells positive for MIB-1; p53— = <20% of
cells positive for p53, p53+ = >20% of cells positive for p53;
bcl-2— = non basal cells negative for bcl-2, bcl-2+ = non basal
cells positive for bel-2. y* test and Fisher’s exact test (two-tailed P-

p21- p21+ P-value n values)
pTa 49 98 0.542 181 CyclinD;— CyclinD; + P-value n
pT1 9 25
Gl 35 61 0.388 181 pTa 30 121 0.001 187
G2 18 46 pT1 17 19
G3 5 16 Gl 18 74 0.006 187
MIB-1-% 36 82 0.723 171 G2 16 54
MIB-1+ 18 35 G3 13 12
p53-* 41 81 0.612 180 MIB-1-* 21 96 0.014 176
p53+ 17 41 MIB-1+ 21 38
bcl-2-* 35 64 0.333 179 p53-* 21 99 0.001 186
bel-2+ 22 58 p53+ 26 40
o - p21-* 25 30 <0.001 171
“Since most of the tumors were small, the amount of tissue for p21+ 20 96
immunohistochemical analysis was limited and the numbers of p.>_2 18 83 0.011 185
analyzed parameters are divergent bel-2+ 29 55

Table 3 The relat1onsh1p between p21 and bcl-2 expression in p53
negative tumors. »2 test and Fisher’s exact test (two-tailed P-value)
p21- = <5% of cells positive for p21; p21+ = >5% of cells po-
sitive for p2l; bcl-2— = non-basal cells negative for bcl-2, bcl-
2+ = non basal cells positive for bcl-2. The total number of p53
negative tumors was 133. Since most of the tumors were small, the
amount of tissue for immunohistochemical analysis was limited
and the numbers of analyzed parameters are divergent. P = 0.874

p21- p21+ Total
bel-2— 17 63 80
bel-2+ 8 32 40
Total 25 95 120

Discussion

The Finnbladder III study evaluated the efficacy of a
single dose of interferon or epirubicin administered
immediately after TUR compared with TUR alone on
recurrence of primary superficial (pTa-pT1, grade 1-3)
bladder cancer. The three treatment groups were of
equal size, evenly balanced and comparable with each
other in terms of stage, grade and papillary status
distribution. The mean follow-up period was 4.9 years
(range 3.7-6.0). A single dose of epirubicin decreased
significantly the recurrence risk after TUR but it did not,
however, reduce the risk of progression. A single dose
of interferon had no significant effect on recurrence
or progression [32, 41]. The Finnbladder III study,
indeed, made it possible to assess prospectively a series
of 207 Ppatients to determine whether the expression of

p2 1 WAFCIPL o1 cyelin D, proteins can provide addi-
tlondl information on the biological aggressiveness of
superficial bladder cancers. This same cohort of patients
has been previously analyzed for various biological and

#Since most of the tumors were small, the amount of tissue for
immunohistochemical analysis was limited and the numbers of
analyzed parameters are divergent
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Fig. 3 Kaplan-Meier survival curve comparing the progression rate
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clinical factors to reveal new prognostic factors in
bladder cancer [30-32].

Loss of cell cycle regulation is one of the key issues in
the development and progression of malignant tumors
[18]. Progression through the cell cycle requires the
coordinated activity of cyclin-dependent kinases
(CDK3s), cyclins and CDK-inhibitors (CKIs) [16]. The
p2 I WAFICIPT Gas one of the first cyclin-de Wpendent
kinase inhibitors (CKIs) described. The p21WAFl/CIPI
seems to mediate the wild-type p53-dependent cell-cycle
arrest but not apoptosis [12]. It is now known that
certain growth factors [35, 9] can increase p21%WAF!/<IP!
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expression by a p53-independent pathway. As the
quantity of p21WVAFVCIPL in the cell increases, more and
more of p21WAFVCPL molecules bind to cyclin D-E —
CDK-complexes. Unable to phosphorylate their down-
stream targets, the cyclin-CDKs cannot relieve the cell
of late G1 phase checkpoint controls, particularly the R
point and the cell arrests in late G1 phase. The capability
of p21WAFVCIPT 5 bind proliferating cell nuclear anti-
gen (PCNA) along with cyclin-CDK provides a second
means by which to inhibit DNA replication [38].

Loss of p21WVAFVCIPL expression should, therefore,
contribute to tumor progression. To our surprise 17% of
the tumors expressing p21WAFV/CIP! progressed, whereas
only 3% of the p21WAFI/CIPI pegative ones progressed.
However, in the multivariate analysis, the expression of
p21 WAFI/CIPL 4i4 not have any prognostic significance.
Aaltomaa et al. [1] suggested that the expression of
p2 I WAFUCIPL 5o related to rapid cell proliferation, high
tumor grade and poor outcome in prostate cancer
patients. Erber et al. [14] reported an increased risk of
recurrent disease and shortened survival in patents with
squamous cell head and neck cancer over-expressing
p2 I WAFI/CIPL "Hioh p2 ] WAFI/CIPT ey pression also emer-
ged as an important indicator of shortened disease-free
survival in glioma patients in a study by Korkopoulou
et al. [24]. In a study by Bennett et al. [3] high levels of
p21WAFICIPT were associated with high tumor grade and
predicted short survival in patients with non-small-cell
lung cancer. In contrast, Stein et al. [48] reported a
statistically significant decreased rate of tumor recur-
rence and an increased overall survival in patients with
p2 1 WAFI/CIPL 5 6jtive tumors in comparison with those
whose tumors had lost p21WVAFVCIPL expression in a
cohort of 242 cystectomized patients with an invasive
bladder cancer. Lipponen et al. [29] analyzed a mixed
cohort of 186 bladder cancer patients with variable
treatments and concluded that p21WVATYC™P immuno-
histochemistry offers no better prognostic value over
already established prognostic factors. In the current
study, we did not find any correlation between the

immunoreactivities of p53 and p21WAFI/CIP1 This was
contrary to the results of Clasen et al. [7]. Furthermore,
p21WAFI/CIPL nagitivity was not related to pT category,
tumor grade or tumor proliferation rate (MIB-1-score),
whereas Clasen et al. [7] with their rather small amount
of data found an inverse correlation between tumor
stage, grade and cell proliferative activity.

It is generally accepted that abnormalities in the
control of apoptosis play an important role in the
development of malignant tumors. The bc¢/-2 protein is
found to be over-expressed in many types of human
tumors and it is a potent inhibitor of apoptosis [31, 20,
21]. Bukholm et al. [5] found a strong association
between over-expression of bcl-2 protein and down-
regulation of p21 WAFVCIPL in breast cancers expressing
wild-type p53 protein. They suggest that bc/-2, during
suppression of p21WAFI/CIPL may interfere with the
functional properties of p53 protein and thus exercise its
oncologic potential. We found no relationship between
bel-2 and p21WAFVCIPL immunoreactivities either in p53
positive or negative patients. Taken together, the role of
p21WAFICIPL iy pladder cancer is not clear-cut. Our
results are not consistent with previous reports [7, 48],
which might be due to the use of different antibodies,
reagents and technical procedures. Furthermore, our
cohort included only patients with superficial bladder
cancer. Based on our results it seems that activated
oncogenes override the effects of p21WAFVCIPI
superficial bladder cancer.

Cyclin D, is a member of the G, cyclins involved in
regulation of the transition of the cell through the re-
striction point in late G1 phase [36]. Furthermore, cyclin
D, is involved in cell cycle regulation through interac-
tions with retinoblastoma protein (pRb) and other cell
cycle-related proteins, such as PCNA and p21WAFI/CIPL
[19, 53, 11]. Increased cyclin D; expression has been
demonstrated in a number of primary human tumors
and cell lines, and it is associated in most instances with
amplification of the cyclin D; gene [34, 10, 4]. However,
this is not always the case. It has been suggested that
other cellular genes may have an influence on the protein
expression of cyclin D; [10, 17]. Amplification of 11q13
has been demonstrated in between 6% and 21% of the
transitional cell cancers of the urinary bladder, although
nuclear accumulation of the protein appears in a much
greater percentage of cases [10, 4]. Several previous
studies have analyzed the prognostic significance of
cyclin Dy in bladder cancer [40, 45, 50, 26].

In the present study, the expression of cyclin D; was
inversely related to tumor stage, WHO grade and cell
proliferation rate, which is at variance with the findings
of Osman et al. [40], but in accordance with the results
by Bringuier et al. and Lee et al. [4, 26]. The former
cohort [40] included, however, squamous cell carcino-
mas with bilharzia as an etiological factor, and the
cohort consisted of mainly muscle infiltrating tumors,
whereas the present study included only superficial
transitional cell carcinomas. Shin et al. [45] did not
find any statistically significant difference between the



expression of cyclin D and tumor grade in a study with
75 transitional cell cancer bladder cancer patients. In our
study, cyclin D, expression correlated inversely with p53
and bc/-2 immunostainings, which is in line with the
findings of Lee et al. and Bukholm et al. [26, 5]. A
positive relationship was found between cyclin D; and
p2 1 WAFHCIPL ymmunostainings. The latter finding is in
accordance with the suggestion that intact p53, through
p2 I WAFICIPT Sinduces cyclin Dy synthesis [6].

In the current study, the expression of cyclin D
was without prognostic significance in terms of tumor
progression, which is in line with the results of Suwa
et al. [50]. However, cyclin D; immunoreactivity was an
independent predictor of tumor recurrence, cyclin D;
immunopositive tumors being more prone to recur than
immunonegative ones. The latter finding concurs with
the results of Shin et al. [45]. This further strengthens the
hypothesis that two divergent pathways of tumor pro-
gression exist. In other words, a tumor type exists that
very often recurs but seldomly progresses, and there is
also an aggressive tumor type that progresses ““without
warning” [47].

In conclusion, the results of the current study indicate
that in superficial bladder cancer there is no relationship
between p21WAFVCIPL expression and tumor cell prolif-
eration rate, p53 and bc/-2 immunostainings. The ex-
pression of cyclin D is inversely related to tumor stage,
grade, cell proliferation rate as well as bcl-2 and p53
immunoreactivities. A positive relationship has been
found between cyclin D; and p21WAFI/CIPlimmuno-
staining. However, with regard to the risk of progressive
disease, p21WAFVCIPL and cyclin D; immunohisto-
chemistry provide no additional prognostic information
compared with already established prognostic factors in
superficial bladder cancer.
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