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Abstract 
Bladder cancer ranks among eight human malignant lesions, 90% being urothelial carcinomas. We evaluated the Ki67 and Bcl-2 
immunoexpression and their correlations with clinicopathological parameters. The study included 45 primitive bladder urothelial carcinoma 
diagnosed in patients aged in VI and VII decades of life, predominantly in males. Histopathologically, the most numerous were moderately 
differentiated carcinomas (68.8%), most patients being classified in stage I of disease (48.8%). The analysis for Ki67 immunostain 
revealed positivity in 71.1% of cases, with higher values in moderate and poorly differentiated tumors in stage III or IV of disease. 
In contrast, immunoreactivity for Bcl-2 was present in 33.3% of well and moderately differentiated analyzed tumors and classified in stage I 
and II of disease. Tumor stage and grade is not correlated with Bcl-2 but there was a strong correlation with Ki67 proliferation index. 
Ki67 immunoexpression may be helpful to identify patients at high risk who may benefit by adjuvant therapies. 
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 Introduction 

Bladder cancer currently occupies eight place among 
worldwide human malignant lesions and represents 
3.2% of these [1, 2], approximately 90% being urothelial 
carcinomas [3, 4]. 

Urothelial bladder carcinomas represent a unique 
model to investigate the cancer process, due to their 
biological behavior and endoscopic approach. Despite 
progresses made in surgical techniques, specific survival 
without disease at 5 years is 50–60% [5, 6]. In addition, 
clinical and pathological parameters have limited value 
in assessing tumor recurrence and progression, or survival 

of patients. Thus, tumor stage is the most important 
morphological prognostic factor in urothelial bladder 
carcinomas being determined by depth of invasion  
into the bladder wall [7]. Although tumor stage and 
grade are parameters that can cause therapeutic attitude, 
often cannot be predicted risk of progression because 
urothelial carcinomas are morphologically and geneti-
cally heterogeneous tumors, with various malignant cell 
lines and specific alterations [7]. 

The aim of the study is to evaluate the expression  
of Ki67 and Bcl-2 in primitive urothelial bladder 
carcinomas and also to identify statistically significant 
correlations with clinical and morphological analyzed 
parameters. 

 Materials and Methods 

The study included 45 cases of primitive bladder 
urothelial carcinomas, diagnosed in the Pathology 

Laboratory of Emergency County Hospital of Craiova. 
The biological material was represented by cystectomy 
pieces, which were processed by common histopatho-
logical technique using 10% formalin fixation, paraffin 
embedding and Hematoxylin–Eosin stain. The histo-
pathological diagnosis was done in conformity with 
criterions established in 2004 by WHO [8]. To assess 
the lymph node invasion and distant metastasis status 
was used the RMN investigation. 

The immunohistochemical processing was made on 
serial sections using the LSAB+ System–HRP (DAKO, 
code K0690). The antibodies used, clone, dilution and 
antigenic recovery are shown in Table 1. 

Table 1 – Panel of used antibodies 
Antibody Clone Dilution Antigen retrieval 

Bcl-2 124 1:75 Citrate buffer, pH 6 
Ki67 MIB1 1:100 Citrate buffer, pH 6 

For quantification of immunological reactions, we 
used an adapted system of cases distribution according 
to the immunostain: score 3 – 50% labeled cells, score 2 
– 10–50% labeled cells and score 1, negative – less than 
10% labeled cells [9, 10]. To quantify Ki67 immuno-
expression was calculated the proliferation index (IP), 
by dividing the number of positive cells to total cells  
in a 40× microscope field [11]. Negative external control 
staining was done by omitting primary antibodies. 
Statistical analysis of the results was performed in SPSS 
10 software using the chi-square test for dependence 
assessment. The acquisition of the images was done 
with Nikon Eclipse E600 and software program Lucia 5. 
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 Results 

The study was performed on a group of 45 cases of 
primitive bladder urothelial carcinomas. Tumors were 
diagnosed in patients aged in VI and VII decades of life, 
predominantly in males (male/female rapport – 6.5/1) 
(Table 2). 

Table 2 – Clinicopathological parameters 
Clinicopathological parameters No. of cases % 

51–60 21 46.6 
Age [years] 

61–70 24 53.4 
Male 39 86.6 

Gender 
Female 6 13.4 
Papillary 43 95.5 

Growth pattern 
Non-papillary 2 4.5 

Clinicopathological parameters No. of cases % 
Well-differentiated 13 28.8 

Moderately differentiated 31 68.8 
Tumor grade 

Poorly differentiated 11 24.4 
I (T1N0M0) 22 48.8 

II (T2a,bN0M0) 15 33.3 
III (T3aN0M0) 5 11.1 

Tumor stage 

IV (T3N1/2M0) 3 6.6 

Histopathologically, the examined tumors had predo-
minantly a papillary growth pattern, present in 43 cases 
and only in two cases they developed a non-papillary 
one. In terms of the degree of differentiation, tumors 
were well-differentiated in 13 cases, moderately differ-
entiated in 31 cases, and poorly differentiated in 11 cases 
(Figure 1, a and b; Table 2). 

 
Figure 1 – (a) Well-differentiated urothelial carcinoma, HE stain, ×100; (b) Poorly differentiated urothelial carcinoma, 
HE stain, ×100; (c) Ki67 immunostain, well-differentiated urothelial carcinoma, ×100; (d) Ki67 immunostain, poorly 
differentiated urothelial carcinoma, ×100; (e) Bcl-2 immunostain, well-differentiated urothelial carcinoma, ×100; 
(f) Bcl-2 immunostain, moderately differentiated urothelial carcinoma, ×100. 
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Clinical and morphological staging of tumors 
revealed that most cases were diagnosed in stage I of 
disease, 48.8% of cases respectively, followed by stage 
II, 33.3%, stage III with 11.1% and stage IV with 6.6% 
of cases (Table 2). 

Immunohistochemical analysis pursued Ki67 and 

Bcl-2 expression and correlations with clinical and 
morphological parameters studied. 

Ki67 immunoreaction was identified in all cases at 
nuclear level but was considered positive in 32 cases 
(71.1%), the remaining cases having a proliferation 
index <10% (Table 3). 

Table 3 – Ki67 and Bcl-2 immunoexpression score according to tumor grade and stage 
Well-differentiated Moderately differentiated Poorly differentiated Tumor grade/stage 

I II III IV I II III IV I II III IV 
Ki67 score 0 0 1 1 0 1 2 2 1 2 2 2 
Bcl-2 score 3 3 0 0 2 2 1 1 0 0 0 0 

 

Proliferation index values ranged between 5% and 
62%, the highest values being recorded for moderately 
and poorly differentiated stage III or stage IV carcinomas 
(Figure 1d). In 36% and respectively 53% of well and 
moderately differentiated studied carcinomas, Ki67 
proliferation index was <10% (Figure 1c). 

Statistical analysis showed highly significant corre-
lation between Ki67 proliferation index, tumor grade 
(p<0.001) and tumor stage (p<0.001). 

Bcl-2 immunostain was present in 15 cases at cyto-
plasmic level, which represented 33.3% of the examined 
tumors. Bcl-2 positive urothelial carcinomas were well-
differentiated (11 cases) or moderately differentiated 
(four cases) in stage I and stage II of disease. 

In well-differentiated carcinomas immunoreaction has 

score 3, the average marked cells being 56% (Figure 1e). 
In moderately differentiated carcinomas immunoreaction 
has score 1 or 2, the average marked cells being 19% 
(Figure 1f). 

Statistical analysis of cases showed a significant 
correlation of Bcl-2 with tumor grade (p<0.05) and  
it was no correlation with tumor stage and Ki67 
proliferation index (p>0.05). 

 Discussion 

Biomolecular pathogenic pathways that trigger the 
occurrence and development of bladder urothelial 
carcinoma are maintained by alternative mechanisms 
involving genes and proteins altered since the early 
stages of disease. For conventional urothelial carcinomas 
were evaluated many biological markers in order to better 
understand the molecular events leading to disease 
progression and to study the correlation with tumor 
stage and behavior, including Bcl-2 and MIB-1. Tumors 
with loss of Bcl-2 and p53 and Ki67 overexpression  
are considered to have poor prognosis but multivariate 
analysis indicated that none of them have independent 
prognostic value [12]. 

Uncontrolled proliferation of cells is considered one 
of the most important biological mechanisms associated 
with oncogenesis [13]. Ki67 is a non-histone nuclear 
protein with a short life, expressed by proliferating cells 
during the cell cycle phases G1, S, G2 / M. It can be 
immunohistochemically determined, nuclear expression 
allowing the appreciation of biological aggressiveness 
of a malignant tumor and is therefore an indicator of 
tumor growth and aggressiveness [14]. This marker is 
an independent predictor of patient outcomes in several 
malignancies [15, 16]. In urothelial tumors, growth 

potential of tumors is an important indicator of their 
aggressiveness [17, 18]. 

In this study, Ki67 proliferation index was positive 
in 32 cases (71.1%), with maximum in moderately and 
poorly differentiated carcinomas, being in stages T2–
T4, and there was a highly significant correlation with 
tumor grade and stage (p<0.001). 

The literature data indicates that Ki67 proliferation 
index has increased in high-grade carcinoma with or 
without invasion [19]. Studies carried until now have 
established that it is an independent predictor for 
recurrence, progression and response to treatment in 
invasive urothelial carcinoma [20, 21]. 

Several recent studies have established that Ki67 
expression is an independent predictor of disease 
recurrence, progression, and the response to intravesical 
therapy for patients with noninvasive bladder cancer in 
the muscle layer [20–22]. However, few studies have 
examined the importance of Ki67 expression in patients 
with locally advanced or metastatic tumors. Popov Z et al. 
(1997), using a heterogeneous group of 114 patients 
treated with transurethral resection or radical cystectomy, 
has concluded that Ki67 expression was associated with 
the recurrence of disease [23]. In a cohort study of 75 
patients treated with radical cystectomy, Suwa Y et al. 
(1997) found that Ki67 expression was an independent 
predictor of patient survival, but most patients in this 
series had locally advanced disease or nodal metastases 
[24]. Korkolopoulou P et al. (2000) and Krause FP et al. 
(1997) showed a significant correlation between histolo-
gical grade and Ki67, noting that pTa and pT1 tumors 
had a Ki67 index lower than pT2–4 tumors [25, 26]. 

Another multi-institutional cohort study in patients 
treated with radical cystectomy for urothelial bladder 
carcinoma, validates strong predictive power of Ki67 by 
the data obtained, indicating that Ki67 has statistically 
significant predictive value, similar with other currently 
assessed parameters as tumor stage, lymphovascular 
invasion and lymph node status [27]. 

Programmed cell death or apoptosis, plays important 
role in tumor pathology, loss of apoptotic response of 
tumor cells represents one of the mechanisms involved 
in tumor progression and occurrence of relapses. Tumor 
growth rate is dependent by the rate of proliferation of 
neoplastic cells and the number of died cells, a process 
that occurs mainly by apoptosis [28]. Disruption of bio-
molecular mechanisms that control apoptosis in the 
bladder may result in survival of cells with genomic 
abnormalities, tumorigenesis and resistance to anticancer 
therapy [28]. 
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Protein produced by the gene Bcl-2 is located in  
the internal mitochondrial membrane, with a role in 
stopping cell death and cell survival, without involving 
proliferation mechanisms [29]. In the normal urothelium, 
immunoreactivity for Bcl-2 occurs in the basal layer and 
undifferentiated cells that require protection against 
apoptosis [30]. 

In this study, we found Bcl-2 positivity in well or 
moderately differentiated carcinomas that have invaded 
up to the muscle, the maximum score being found in T1 
well-differentiated carcinoma. Bcl-2 immunoexpression 
significantly correlated only with tumor grade (p<0.05). 

Data from the literature regarding the significance  
of Bcl-2 immunoexpression in urothelial carcinomas  
are quite controversial. Some studies support the theory 
that tumor growth was due to the anti-apoptotic Bcl-2 is 
much slower than if the increase would be determined 
by proliferative factors, tumor cells becoming less 
responsive to such factors, with better prognosis for 
Bcl-2 positive tumors [12, 31]. Regardless of Bcl-2 
expression, the authors agree that this pathway is 
significantly lower in the progression of lesions compared 
with other tumor locations. 

In other studies Bcl-2 immunoexpression was corre-
lated with less aggressive phenotype [30, 32]. It was 
reported in a such study that tumors with lamina propria 
invasion, poorly differentiated and aggressive, presented 
an increased Bcl-2 immunoexpression, also existing 
cases of well-differentiated superficial carcinomas Bcl-2 
positive and cases of aggressive carcinomas with negative 
stain for this marker [33]. 

 Conclusions 

Stage and tumor grade of primitive bladder transitional 
carcinoma does not correlate with apoptosis, but there is 
a strong correlation with cell proliferation. Ki67 immuno-
expression can improve the accuracy of prognosis, being 
helpful in identifying patients with high risk of disease 
progression, providing a valuable indicator for the clinical 
management of these patients, which may benefit by 
adjuvant therapies. 
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