
Journal of the Egyptian Nat. Cancer Inst., Vol. 15, No. 3, September: 183-191, 2003

The Prognostic Significance of p53, Bcl-2, Cytokeratin 20 and
Ki-67 in Primary Superficial Papillary Transitional Bladder
Carcinoma

HANI B. BARSOUM, M.D.*; AMANY ABD EL-HAMEED, M.D.**, MOHAMAD A. NOUH, M.D.**;
AMANY EL-BASMY, M.D.***; MOHAMAD A. ABOLNOOR, M.D.* and LAURICE F. ROFAIEL, M.D.*

Ahmad Maher Teaching Hospital*, Cairo; Departments of Pathology** and Biostatistics & Cancer Epidemiology***,
National Cancer Institute, Cairo University, Egypt.

ABSTRACT

Background: Identification of factors that determine
individual patient risk for recurrence and progression in
superficial papillary carcinoma of the bladder is a subject
of extensive research as it would be a major outcome in
patient management. It has been well recognized that
traditional prognostic markers as tumor grade and stage
are not accurate enough in predicting biological behavior.
A large number of markers have been investigated as
potential prognostic factors and relatively few can help
in predicting outcome.

Material and Methods: Forty-nine cases undergoing
complete transurethral resection for primary superficial
papillary transitional cell carcinoma were subjected to
clinicopathologic evaluation as well as immunohistochem-
ical staining for p53, bcl-2, cytokeratin 20 and Ki-67. The
CAS-200 image analyzer was used to estimate the Ki-67
labeling index.

Results: Recurrence was observed in 19 cases (38.8%)
and progression in 7 cases (14.3%) with a median follow-
up of 49 months (range 24-84 months). p53 was detected
in 33 tumors (67.3%). There was a significant correlation
between p53 expression and tumor stage (p < 0.001). Six
(85.7%) of 7 cases that progressed had a p53-positive
tumor at initial diagnosis. Bcl-2 overexpression was
observed in 30 cases (61.2%). The expression of bcl-2
did not correlate with histological grade, clinical stage,
or relapse. Five cases showed normal pattern of staining
with cytokeratin 20 (2 pTa and 3 pT1). All cases with
normal expression of cytokeratin 20 showed no recurrence
or progression. Ki-67 labeling index ranged from 1% to
60%. We could not detect prognostic significance of Ki-
67 labeling index using multiple cut off values. Sixteen
cases (32.7%) were associated with bilharziasis. The
frequency of p53 positivity, bcl-2, abnormal cytokeratin
20 expression and high Ki-67 labeling index appeared to
be similar in bilharzial and non-bilharzial cases.

Conclusions: These results suggest that evaluation
of p53 may help to identify patients with higher probability
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of disease progression. Assessment of cytokeratin 20 can
be used in predicting biologic behavior in patients with
papillary urothelial pTa and pT1 neoplasms. However,
prospective studies of large cohorts of patients are needed
to confirm these findings and to justify the use of these
markers as useful prognostic tools in tailoring treatment
and follow-up schedule of patients with superficial bladder
cancer.

Key Words: Superficial bladder cancer - p53 - bcl-2 -
cytokeratin 20 - Ki-67.

INTRODUCTION

At the time of initial presentation approxi-
mately 70-80% of bladder cancers are superficial
tumors non invasive to muscularis propria; pTa
& pT1 [1,2,3]. Following transurethral resection
50% [4] to 70% [2,3] of the patients will develop
disease recurrence and in 10% [4,5] to 20% [2]
the tumor at relapse will be at a more advanced
stage with life threatening muscle invasive
carcinoma or metastatic disease. Biological
behavior of these tumors cannot be adequately
predicted by histological criteria alone [2,6].
Cases within the same pathological category
may have extremely different outcome [3]. So,
a more reliable indicators of biological aggres-
siveness are needed.

The human p53 tumor suppressor gene on
chromosome 17p13 encodes a nuclear phos-
phoprotein that facilitates DNA repair after
genomic damage [7]. Several studies have ad-
dressed the association of p53 mutation with
high grade, high stage bladder cancer and unfa-
vorable prognosis [7-10]. The oncoprotein en-



coded by bcl-2 is unique because of its role in
suppressing apoptotic pathway [11]. Overexpres-
sion of bcl-2 in high grade, high stage bladder
cancers and an association with higher recur-
rence rates have been reported [12,13]. Cytoker-
atin 20 (CK-20) is a recently described cytok-
eratin isotype, which shows a limited pattern
of expression in normal tissues, being restricted
to the gastric and intestinal epithelium,
urothelium and Merkel cells [14]. It has been
suggested that CK-20 expression can predict
malignant potential in low grade transitional
cell tumors [15] and therefore can be useful in
defining treatment strategies [1]. The Ki-67 is
a Murine monoclonal antibody that recognizes
a nuclear protein forming part of the DNA
replicase complex [16] which is widely used to
determine the proliferative activity of various
tumors. Recent studies have correlated Ki-67
labeling index (LI) with the grade, stage and
prognosis of bladder cancer [17,18].

The aim of this study was to investigate the
value of p53, bcl-2, CK-20 and Ki-67 as biologic
parameters in superficial papillary transitional
bladder carcinoma to detect recurrence or pro-
gression.

MATERIAL AND METHODS

Tissue samples:

Forty-nine cases of primary papillary pTa
and pT1 transitional cell carcinoma of the blad-
der accessioned at Pathology Department, NCI,
Cairo University, between 1995 and 2000 were
the subjects of the study. All patients underwent
transurethral resection (TUR) with curative
intent and none of them had received any ther-
apy before TUR. Adjacent flat mucosa had only
been sampled in seven cases. As a control, non-
neoplastic bladder mucosa specimens were
taken from 6 patients undergoing surgery for
non-malignant conditions.

Histologic grading and staging were assessed
according to WHO and TNM classifications,
respectively [19,20].

Follow-up data:

Follow-up data were obtained from the hos-
pital records. Patients were followed up by
cystoscopy every 3 months for two years, then
every 6 months for five years and annually
thereafter if there was no recurrence. Tumor

recurrence was defined as a new tumor appear-
ing at any site in the bladder at least 3 months
after initial resection. At relapse, progression
in stage was defined as development of lamina
propria invasion (for pTa tumors) or mscularis
propria invasion (for pTa and pT1 tumors),
metastasis, or death form disease.

Immunohistochemistry:

Serial 5 micron thick sections from formalin-
fixed, paraffin-embedded tissue blocks were
mounted on slides, dewaxed by xylene and
rehydrated with graded alcohol to water. Sec-
tions were immersed in antigen retrieval solution
(10 mM. citrate buffer, pH 6.0) and heated in
a microwave (Goldstar 1000 watts) at power
10, two times, 5 minutes each. Endogenous
peroxidase activity was blocked by 2% hydrogen
peroxide in methanol. Sections were incubated
with primary antibodies raised against p53
(MoAb clone Do-7), bcl-2 (MoAb clone 124),
CK-20 (MoAb clone Ks20.8) and Ki-67 (MoAb
clone MIB1) for one hour, followed by biotiny-
lated antimouse antibody for 20 minutes and
streptavidin-peroxidase for 10 minutes. Slides
were developed in substrate chromogen and
counterstained with hematoxylin. All primary
antibodies and visualization systems were ob-
tained from Dako Cytomation, Denmark. Pos-
itive and negative control slides were included
within each batch.

Immunohistochemical evaluation was done
by two independent pathologists in a blinded
fashion without knowledge of the clinical infor-
mation. Tumors were considered to have p53
mutation when more than 20% of nuclei stained
positive [8]. Bcl-2 positivity was considered if
more than 1% of tumor cells exhibited positive
reaction. Infiltrating lymphocytes and normal
basal layer cells served as an internal positive
control for bcl-2 [10]. If the expression of CK-
20 was restricted to superficial (umbrella) cells
and occasional intermediate cells, it was classi-
fied as normal. Other patterns of CK-20 immu-
nostaining, i.e., diffuse full-thickness positivity
or negativity were considered abnormal [21].
For Ki-67 quantitation, image analysis system
CAS-200 (Cell Analysis Systems, Elmhurst,
Illinois, USA) was used. For each slide an
average of 600 tumor cells per specimen were
examined. The figure 10% was used as the cut
off for Ki-67 index because it has been mostly
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used in previous publications regarding super-
ficial bladder cancers [22,23,24].

Statistical analysis:
Statistical analysis was done with SPSS

softwere, Version 9, for windows 98. The rela-
tionship between the clinicopathologic data and
p53, bcl-2, pattern of CK-20 expression and
Ki-67 was analysed using chi-square and Fisher
exact test when ever appropriate. All p values
were two tailed and a p value of < 0.05 was
considered significant [25].

RESULTS

Forty-four patients were males and 5 were
females and the mean age was 53 years (range
21-74 years).

Of the 49 papillary tumors, 18 were grade
1, 17 were grade 2 and 14 were grade 3. Nine
cases were classified as pTa and 40 cases were
classified as pT1.

The follow-up was taken to the end of 2002;
a minimum of 2 years and a maximum of 7
years. During follow-up, 19 (38.8%) tumors
recurred and 7 (14.3%) progressed; two of the
progressive cases died of bladder cancer. Of
the recurrent tumors, two recurred four times,
one recurred three times, one recurred twice
and the rest of patients experienced a single
recurrence only. The tumor free period before
recurrence ranged from 13 weeks  to 6 years.

Table (1) summarized data in relation to
clinicopathologic parameters, including age,
sex, tumor grade, tumor stage, bilharziasis,
recurrence, progression and immunophenotype
profiles.

Nuclear overexpression of p53 was observed
in 33 of 49 cases (67.3%; Fig. 1a). However
normal urothelium was always negative for p53.
One of 9 (11.1%) pTa and 32 of 40 (80%) pT1
tumors were p53 positive with statistically
significant association (p < 0.001) (Fig. 1b).
No correlation was found between p53 immu-
noreactivity and age, sex, tumor grade and
recurrence rate. Out of 7 cases with disease
progression, 6 cases (85.7%) were p53 positive
(Fig. 1c).

Bcl-2 immunoreactivity was observed in 30
of 49 cases (61.2%; Fig. 2a,b). Normal
urothelium showed basal cell layer staining.

Bcl-2 was not associated with age, gender,
tumor grade and stage (p > 0.05). Also, bcl-2
positivity was not linked to the risk of recur-
rence, or tumor progression; positive staining
was detected in 10 of 19 (52.6%) recurrent
tumors compared to 20 of 30 (66.7%) non-
recurrent tumors and only 3 (42.9%) of the
progressed cases were bcl-2 positive.

In normal bladder mucosa CK-20 expression
was restricted to the terminally differentiated
superficial cells. Normal expression was detect-
ed in 5 tumors (10.2%). No case with normal
expression recurred or progressed. Abnormal
expression (Fig. 3a,b) was found in 83.3% and
93.5% of cases in grade 1 and other grades
respectively, yet, this difference did not reach
the level of statistical significance. The frequen-
cy of abnormal expression in pT1 tumors
(92.5%) was higher than that in pTa tumors
(77.8%), however, this difference was insignif-
icant. Other clinicopathologic variables were
not associated with CK-20 expression.

Five cases showed homogeneous full thick-
ness labelling by CK-20 of adjacent flat mucosa
(Fig. 3c) and two of these had been diagnosed
by H&E as dysplastic urothelium.

Nuclear positivity for antibodies against Ki-
67 was frequently observed in the basal cells
of normal urothelium and occasionally in the
intermediate cells. Ki-67 was evaluated in all
cases (Fig. 4) and the LI varied widely, ranging
from 1-60% (mean 17, median 9). Twenty-four
cases (49%) displayed a high (≥ 10% positive
nuclei) proliferative index. Ki-67 LI showed
no correlation with age, gender, tumor grade,
pT category, recurrence, or disease progression.
Similar results were obtained when multiple
cut off values were used to identify highly
proliferating tumors (data not shown).

Concerning the relation between p53, bcl-
2, CK-20 and Ki-67, no significant correlation
was detected (p > 0.05).

Sixteen cases were associated with bilhar-
ziasis (32.7%). In bilharzial cases p53, bcl-2,
abnormal CK-20 expression and high Ki-67 LI
were observed in 68.8%, 56.2%, 93.6% and
50%, respectively, compared to 66.7%, 63.6%,
87.9% and 48.5%, in non-bilharzial cases; with
no statistical significant association.
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Fig. (1-A): p53 expression  (A) strong nuclear immun-
ostaining in almost all cells of a papillary
grade 2 transitional carcinoma (DAB chro-
mogen x100).

Fig. (1-B): p53 expression in relation to tumor stage, (c)
bar graph showing the percentage of tumors
that are progressive versus staining for p53.
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Table (1): Summary of data in relation to immunophenotype profile.

Variables
p53 Bcl-2 CK-20 Ki-67

No. of +ve % No. of +ve % No. of abnormal % No. of high LI %

Age:
≤ 53
> 53
p value

Sex:
Male
Female
p value

Grade:
1
≥ 2
p value

Stage:
PTa
PT1
p value

Bilharzia ova:
Present
Absent
p value

Recurrence:
Yes
No
p value

Progression:
Yes
No

15/23
18/26
0.91

30/44
3/5
1.00

11/18
22/31
0.54

1/9
32/40
< 0.001

11/16
22/33
1.00

10/19
23/30
0.35

6/7
27/42

65.2
69.2

68.2
60

61.1
71

11.1
80

68.8
66.7

52.6
76.7

85.7
64.3

17/23
13/26
0.78

28/44
2/5
0.36

11/18
19/31
1.00

7/9
23/40
0.45

9/16
21/33
0.76

10/19
20/30
0.38

3/7
27/42

73.9
50

63.6
40

61.1
61.3

77.8
57.5

56.2
63.6

52.6
66.7

42.9
64.3

22/23
22/26
0.35

39/44
5/5
1.00

15/18
29/31
0.34

7/9
37/40
0.22

15/16
29/33
1.00

18/19
26/30
0.64

7/7
37/42

95.7
84.6

88.6
100

83.3
93.5

77.8
92.5

93.6
87.9

94.7
86.7

100
88.1

11/23
13/26
1.00

20/44
4/5
0.19

6/18
18/31
0.14

5/9
19/40
0.73

8/16
16/33
1.00

8/19
16/30
0.56

4/7
20/42

47.8
50

45.5
80

33.3
58.1

55.6
47.5

50
48.5

42.1
53.3

57.1
47.6
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Fig. (2-B): Strong diffuse cytoplasmic staining in grade 2 transi-
tional carcinoma (DAB chromogen x400).

Fig. (4): Ki-67 positive immunostaining with high labeling index
(DAB chromogen x100).

Fig. (2-A): Bcl-2 immunostaining (A) weak immunoreactivity
of a papillary grade 1, pTa transitional carcinoma
with restriction of the reaction mostly to the basal
cell layers (DAB chromogen x200).

Fig. (3-C): Full thickness expression in dysplastic urothelium
adjacent to pT1 carcinoma (DAB chromogen x400).

Fig. (3-B): Abnormal expression in grade 2, pT1 carcinoma.

Fig. (1-C): Bar graph showing the percentage of tumors that are
progressive versus staining for p53.
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Fig. (3-A): CK-20 expression (A) abnormal expression in grade

2, pTa papillary transitional carcinoma.



DISCUSSION

It is well known that morphologically similar
tumors presenting in any assigned stage mainly
early superficial bladder tumors may behave in
 a radically different fashion. This fact seriously
hampers the ability to predict clinical behavior
in aggressive cases [6]. While many studies tried
to investigate the factors influencing recurrence
and progression of superficial bladder tumors;
their conclusions remained uncertain. The need
still exists for new factors that can predict post-
operative recurrence and progression in super-
ficial bladder carcinoma.

The reported p53 mutation rate in bladder
cancer varied from 30-58% [7-10] which may
be attributed to differences in staining proce-
dures, interpretation of staining pattern and cut
off values. In this study, p53 mutation rate was
higher than that reported in the Western literature
[7,8,10,26]. Statistically significant correlation
with tumor stage was encountered (p < 0.001).
Similarly, Esrig et al. [27] reported that tumor
stage was related to p53 alterations detected by
immunohistochemistry or molecular methods.
Also, Pfister et al. [28] concluded that the ex-
pression of p53 was related to tumor character-
istics with a high mean value associated to stage
pT1 and grade 3 tumors. On the other hand,
other investigators found no remarkable asso-
ciations of p53 mutations with histological grade
or tumor clinical stage [3,29].

Conflicting data have been reported in the
literature regarding the prognostic significance
of p53 accumulation in superficial bladder car-
cinoma. In the current series, no significant
association was found between p53 expression
and recurrence rate, while 6 out of 7 cases
(85.7%) who progressed in stage had a p53-
positive tumor at initial diagnosis. Despite a
fairly good correlation of p53 with traditional
prognostic factors in the study of Gontero et al.
[30], it seemed to play no role in the prediction
of tumor recurrence. Also, Pfister et al. [23]
found that cell cycle markers (p53, MDM2 and
p21) or the proliferative index was not associated
with higher recurrence rate. Even when the
analysis was restricted to the group of patients
with pT1, grade 2-3 tumors, the cell cycle mark-
er index remained unpredictive of disease re-
currence; they suggested that recurrence of
papillary superficial bladder tumors was more
likely associated with field changes rather than

to the proliferative potential of the resected
tumors. Their study was not designed to address
the status of disease progression, since only 5%
of cases progressed to muscle invasive cancer.

The concept of clonal origin of synchronous
and metachronous urothelial cell carcinomas
has been also supported [31] and some published
studies suggest that p53 status analysis may
help physicians to predict which superficial
tumors will progress to muscle invasion, allow-
ing possible early aggressive intervention. Sarkis
et al. [32] investigated 43 superficially growing
bladder tumors (T1) with a median follow-up
of 119 months. Three of 18 (17%) patients with
< 20% p53 positivity showed disease progres-
sion in comparison to 19 of 25 (76%) patients
with p53 expression in ≥ 20% of tumor cells.
In accord, Serth et al. [33] with a median follow-
up of 45.8 months found that 12 of 14 patients
(85.6%) with more than 20% of cells positive
for p53 had disease progression with muscle
invasive growth compared with only 1 of 55
patients (1.8%) negative for p53 (p < 0.001).
However, determination of p53 was not related
to cancer progression by Sgambato et al. [24]
and Rebessa et al. [34].

Expression of bcl-2 was identified in the
basal cell layer of normal urothelium. This
topographic pattern appears to be maintained
in most well differentiated superficial tumors.
In the present work; bcl-2 positive rate was not
related to tumor grade or pathological stage.
Similar findings were obtained by Wu et al. [3].
Others found that non-basal distribuation of
bcl-2 positive cells was more common in high
grade, advanced bladder cancers [10,12,13]. How-
ever a significant inverse correlation was re-
ported by Nakapoulou et al. [7].

Data concerning the utility of bcl-2 expres-
sion in assessing patient outcome in superficial
bladder cancer were very heterogeneous. Kirsh
et al. [26] concluded that bcl-2 expression was
related to an unfavorable outcome, which was
refuted conclusively by Li et al. [10] and Lip-
ponen et al. [12]. Vollmer et al. [8] suggested
that the expression of bcl-2 protected tumors
from further invasion, especially without the
mutation of p53. Atug et al. [13] observed sig-
nificantly more progressive course in bcl-2
positive tumors. In our study and in others, bcl-
2 status had no prognostic significance in pre-
dicting tumor recurrence or progression. Over-
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expression of bcl-2 was considered an early
event in tumorogenesis and alone might not
have prognostic importance [3]. However, by
inhibiting apoptosis bcl-2 might extend the
longevity of tumor cells containing aggressive
biological behaviors and hence, more disease
progression.

The regeneration of urothelium is accompa-
nied by changes in protein synthesis related to
differentiation by mechanisms that have not yet
been established. This transition from basal to
terminally differentiated superficial cells is
reflected in the morphological and antigenic
characteristic of each layer. Cytokeratins are
widely used as biochemical markers of epithelial
differentiation [14]. Our findings concur with
those of others investigators who have demon-
strated that in normal urothelium, CK-20 is
expressed in the terminally differentiated super-
ficial umbrella cells [1,4,15,21]. Abnormal ex-
pression in this series was higher in high grade
and stage tumors, neither of these differences
was statistically significant (p = 0.34 and 0.22,
respectively). In the study of Desai et al. [4] a
significant association with tumor grade and
stage was reported.

In the current work, no recurrence or pro-
gression occurred in any of the patients whose
tumors had a normal pattern of CK-20 expres-
sion. However, the group of abnormal expres-
sion experienced recurrence and progression
rates of 94.7% and 100%, respectively. No
statistical significant difference was detected;
possibly due to the small number of cases show-
ing normal expression. Desai et al. [4] found
that tumors with normal CK-20 expression
recurred less frequently than tumors with ab-
normal pattern, but with insignificant statistical
difference (44.9% vs. 63.2%, p = 0.06). How-
ever, Harnden et al. [1] revealed that disruption
of normal CK-20 expression was highly signif-
icantly correlated with recurrent tumors.

The presence of dysplasia adjacent to tran-
sitional cell carcinoma is known to confer a
greater risk of recurrence, although the marked
inter-observer variation in the diagnosis of
dysplasia is well recognized, particularly in low
grade dysplasia [35]. In this study, only two of
the five instances of diffuse labeling of flat
urothelium adjacent to the tumor were clearly
dysplastic, the remainder being apparently nor-
mal. Examination of CK-20 expression may

therefore be useful in the identification of early
disorders of urothelial differentiation before the
morphologic features of dysplasia are present
offering an objective criterion in the diagnosis
of dysplasia and reducing inter-observer varia-
tions.

Ki-67 LI was not significantly correlated
with the clinicopathologic variables studied
even when different cut offs were used to dis-
criminate between high and low LI. However;
high grade tumors show a trend toward high
LI. In accordance Asakura et al. [5] demonstrated
that Ki-67 LI correlates with superficial bladder
cancer grade. Sgambato et al. [24] observed that
9 of 13 (69%) grade 1, 25 of 51 (49%) grade 2
and 29 of 32 (91%) grade 3 tumors expressed
a high Ki-67 LI with statistical significant as-
sociation, but no correlation was found with
tumor stage.

Some have investigated the relationship
between Ki-67 and recurrence or progression
of superficial bladder cancer. Stavropoulos et
al. [36] evaluated recurrence in 26 cases and
reported significantly higher Ki-67 labeling
index values with recurrence. Fontana et al. [18]
analyzed data on stage pTa bladder cancer and
reported that the frequency of recurrence was
significantly higher when cells with activated
deoxyribonucleic acid (Ki-67 positive) were
found at the base of the tumor and near the
lamina propria. In 8 of 104 cases (7.7%) with
stage progression, the median Ki-67 LI was
24.8 compared to 4.35 in cases without progres-
sion which was significantly different [5]. How-
ever, Pfister et al. [22] in his multivariate analysis
showed that Ki-67 index was not an independent
predictor of recurrence for the entire cohort.
For patients with an initial tumor larger than
3cm., a Ki-67 index > 10% was an independent
predictor of shorter time to recurrence. Also
Fradet and Lacombe revealed that Ki-67 index
had a little predictive value for recurrence [37].

Correlation analyses showed no significant
relation between p53, bcl-2, CK-20 and Ki-67
LI in this study. Wu et al. [3] reported that the
unusually low bcl-2 expression in his series
might be related to the high p53 mutation rate,
although a significant correlation could not be
established. Concerning p53 and Ki-67 LI,
Wright et al. [38] showed that p53 -positive
tumors had greater Ki-67 growth fraction in
comparison with p53-negative tumors. In  a
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comparative analysis of Ki-67 using MIB1
antibody and p53 expression the relationship
between these two markers was stage indepen-
dent [39]. Shiina et al. [40] found that bcl-2
immunoreactivity did not correlate significantly
with cell proliferation.

In this work, the frequency of p53 positivity,
bcl-2, cytokeratin 20 pattern and Ki-67 index
appeared to be similar in bilharzial and non-
bilharzial cases. In analysis of a number of
transitional cell bladder cancers from U.S.A.
and Egypt (Egyptian transitional cell cancers
were associated with bilharziasis), the level of
expression of p53 and MIB-1 were similar in
both groups [41]. However, molecular changes
occurring in p53 gene were reportedly different,
even in different schistosomiasis-infested re-
gions indicating involvement of different carci-
nogenic mechanisms [42].

In conclusion, p53 expression in superficial
papillary bladder carcinoma may help to identify
those patients at risk of developing disease
progression, so that these patients may be fol-
lowed more closely or, conceivably, offered
active intervention to eradicate the malignant
clone that leads to metachronous invasive tu-
mors. Changes in the expression of the differ-
entiation-associated cytokeratin 20 probably
provide useful prognostic information in super-
ficial bladder carcinoma and may be an objective
criterion in the diagnosis of urothelial dysplasia.
Further studies on a large cohort of patients
will be necessary to confirm these findings.
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