
 

 

Introduction 
 
Urinary bladder carcinoma is approximately 
three times more common among men than 
women [1].Cigarette smoking is the well estab-
lished risk factor and contributes to more than 
40% cancer of urinary bladder [2]. The effects 
of smoking duration, intensity, exposure to envi-
ronmental tobacco smoke and changes in the 
composition of tobacco on risk of urinary blad-
der cancer are not clear [3].  
 
Cancer causing chemicals in the cigarette 
smoke are absorbed into blood and filtered out 
by kidney and then as part of the urine, stored 
in the bladder. In the long term, this appears to 
cause damage to bladder lining and formation 
of DNA adducts resulting into transitional muta-
tion [4]. Finding from recent prospective studies 

[5] suggest that cigarette smoking may act as 
an initiator of urinary bladder carcinogenesis. 
Earlier investigators described that p53/bcl2 
overexpression/mutation and smoke are associ-
ated with bladder carcinoma [6, 7]. VEGF is an-
other protein that is a potent stimulator of an-
giogenesis, inducer of endothelial cell migration 
and vascular permeability [8-10]. VEGF is the 
key mediator of angiogenesis in cancer, where it 
is up-regulated by oncogenic expression and a 
variety of growth factors. VEGF was reported in 
previous studies, to contribute to high degree of 
vascularization in malignant tumor and promote 
tumor progression [11]. 
 
Apoptosis is one of the prerequisites to main-
tain the normal & healthy internal milieu. Dis-
ruption in this normal process of apoptosis may 
increase cell survival and facilitates the tumor 
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development [12, 13]. Regulation of apoptosis 
becomes very complicated in cancerous condi-
tion under certain tumor suppressor genes or 
the other oncogenes [14-16]. 
 
Earlier studies have found that cell death due to 
apoptosis is a significant process ultimately 
leading to bladder cancerous development [17]. 
In this study, we evaluated the possible role of 
VEGF and apoptosis in relation to cigarette 
smoking and urinary bladder cancer risk 
through immunohistochemistry and TUNEL as-
say respectively. 
 
Materials and methods 
 
Study population 
 
Total numbers of 125 histopathologically con-
firmed cases of Transitional cell carcinoma 
(TCC) of urinary bladder and 100 cases of in-
flammatory lesions of the bladder as control 
were taken. The authors had prior approval 
from institutional ethics committee equivalent 
to Institutional Review Board (IRB). 
 
Patients were asked to complete the question-
naire soliciting information on cigarette smok-
ing. One hundred twenty five cases of Transi-
tional cell carcinoma were classified into three 
Grades: Grade I, Grade II and Grade III accord-
ing to the WHO grading system by experienced 
pathologists. Keeping the marker profile in view, 
the cases were further divided according to 
their age into two groups: Less than 50 years & 
≥ 50 years. 
 
Exposure 
 
A complete historical background was compiled 
through the patient to find out a possible etiol-
ogy of urinary bladder cancer.  
 
Immunohistochemical analysis  
 
Formalin fixed paraffin-embedded tissue blocks 
were cut in 5 microns thick serial sections. The 
sections were deparaffinized, rehydrated and 
rinsed with phosphate buffer saline (PBS). An 
Immunohistochemical assay for VEGF was per-
formed on consecutive paraffin sections using 
straptavidine-biotin method. Monoclonal mouse 
antihuman antibody (G153-694, BD PharMin-
gen) was taken as primary antibodies for VEGF. 
After antigen retrieval slides were incubated 

with primary antibody, followed by secondary 
biotinylated antibody. Sections were washed in 
PBS and then incubated with straptavadin per-
oxidase. Finally chromogen Diaminobenzedine 
(DAB) was used and sections were counter-
stained with haematoxylin.  
 
In-situ apoptosis detection 
 
Formalin fixed paraffin-embedded tissue were 
deparaffinized by xylene, ethanol and apoptoti-
caly fragmented cellular DNA was identified by 
TUNEL assay (Apoptosis Detection Kit 
CAT#QIA21-1EA Oncogen research products, 
USA). Apoptotic activity was quantified by the 
apoptotic index which represented the percent-
age of apoptotic epithelial cells in each tissue.  
 
Scoring method 
 
The slides were scored independently by one of 
the co-authors without reference to any clinical 
or pathological information. Tumors were classi-
fied as VEGF and apoptosis negative (i.e. low 
expression) if less than or equal to 10% of cells 
displayed positivity. If greater than 10% of cells 
were positive for VEGF and apoptosis (i.e. high 
expression) were considered as positive. 
 
A total of 5 to 6 fields from each tissue section 
were chosen, and 100 cells from each field 
were counted at a final magnification of 400X. 
With every batch of staining a positive and 
negative control were used to verify the stan-
dard of staining. 
 
Statistical analysis  
 
Chi square test was performed to find out the 
possible correlation among VEGF, apoptosis and 
other clinical parameters. P<0.05 was consid-
ered as statistically significant. To examine aeti-
ologic heterogeneity, odd ratios were calculated 
for the association between cigarette smoking, 
VEGF and apoptosis measures separately. Asso-
ciation between bladder tumors and cigarette 
smoking were measured using odds ratios and 
95% confidence intervals.  
 
Inclusion criteria 
 
Histo-pathologically confirmed cases of Transi-
tional cell carcinoma were included. The histo-
pathologically confirmed cases of inflammatory 
lesions of urinary bladder were taken as a    
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control.  
 
Exclusion criteria 
 
Patients with family history, Patients with addic-
tions like alcoholism, drugs and Patients under-
going long term treatment for any other disease. 
Squamous cell carcinoma and Adenocarcinoma 
cases of the urinary bladder were also not in-
cluded in the study.  
 
Results 
 
A total of 125 (104 males and 21 females) of 
histopathologically confirmed cases of Transi-
tional cell carcinoma (TCC) and 100 cases of 
confirmed inflammatory lesions of urinary blad-
der as control comprising 75 males and 25 fe-
males were assessed from the biopsy samples. 
 
The age of the patients ranged from 24 to 80 
years with a mean age of 55 years, whereas in 
control group it was 14 to 55 years with mean 
being 38 ± 14 year. The incidence of carcinoma 
of urinary bladder was predominantly seen 
among males 83.2% patients as compared to 
the 16.8% females, giving the ratio 5:1 (male v/
s females). The maximum number of controls 
were in < 40 years age group (80%) followed by 
40-55 years (20%).However when the control 
group was divided into males and females the 
mean age was 38 ± 15 years for males and 40 
± 10 year for females. The sex ratio of this 
group was 3:1. Of the 125 Transitional cell car-
cinoma (TCC) cases studied, a peak incidence 
was seen in the age group of 50-70 years. 
There were 76% (95) cases in the age group of 
50-80 yrs, 24% (30) in the age group of 24-50 

yrs. It was observed that out of the 125 total 
cases 38, 47 and 40 had grade I, grade II and 
grade III carcinoma respectively. 
 
A detailed exposure history was taken in all sub-
jects. In males, it was found that 71% (74 
cases) smokers. Among females subject only 
4.71% (1) were smokers.  
 
VEGF expression and smoking in bladder can-
cer 
 
Expression of VEGF was seen in 54 cases 
(43.2%). Out of the total 125 cases: 14 cases 
(36.8%) of grade I, 21 cases (44.6%) of grade II 
and 19 cases (47.4%) of grade III was positive 
for VEGF (Table 1 and Figure 1). 

Table 1. Expression pattern of VEGF and Apoptosis in TCC cases 

  
Clinical parameters of TCC 

VEGF positive Cases Apoptosis positive Cases 

Total positive 
Cases 

Percentage 
positivity 

Total positive 
cases 

Percentage posi-
tivity 

  
  
Tumor Grades 

Grade I 14 36.8% 18 47.3% 

Grade II 21 44.6% 24 51.0% 

Grade III 19 47.5% 24 60.0% 

Total Cases 54 43.2% 66 52.8% 
  
Sex 

Male 45 43.2% 60 57.6% 
Female 09 42.8% 06 28.5% 

  
Age 

<50 years 12 28.5% 13 30.9% 
≥50 years 42 50.6% 53 62.3% 

 

Figure 1. VEGF expression in Transitional cell carci-
noma of urinary bladder. Typical immunostaining of 
VEGF in TCC (Orig. Magni. X400). 
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Expression of VEGF was found in tumor cell but 
not in the normal transitional epithelium. The 
result reveals the significant difference between 
the normal epithelium (0%) and cancerous tis-
sue (43.2%) for the VEGF protein (p<0.05). With 
the progression in tumor grade, the rate of VEGF 
expression significantly increased (p<0.05). 
VEGF expression was further correlated on the 
basis of sex and age of the patients. The expres-
sion of VEGF was modified with gender and age. 
The patients based on the above, were divided 
into two groups < 50 years and ≥ 50 years 
(Table 2). Among females, there was no signifi-
cant difference of VEGF expression between the 
two age groups (< 50 and ≥ 50 years). However; 
among males with the age ≥ 50 years the ex-
pression of VEGF was significantly higher 
(59.2%) as compared to the < 50 years of age 
group (28%) (p<0.05). 
 
Cigarette smoking history was analyzed in VEGF 
positive cases. We found that bladder cancer 
patients who reported smoking exposure did not 
maintain VEGF expression; among smokers; 

71% (50 cases) patients showed VEGF expres-
sion where as among non smocker it was 61% 
(34 cases) non-smokers (Table 4). The exposure 
pattern of VEGF with respect to cigarette smok-
ing was therefore found to be insignificant. 
 
The association between cigarette smoking and 
positivity of VEGF were analysed in odd ratio 
and were found to be 0.24 (95% CI 0.116-
0.523) (p trend P>0.05) for current smokers 
when compared with non smokers (Table 4). 
 
Apoptosis in TCC of urinary bladder 
 
Cells were evaluated for apoptosis by the TUNEL 
assay on the basis of staining and their specific 
cellular and morphological characteristics dis-
played during apoptosis [18]. The apoptotic 
staining revealed that the cells undergoing 
apoptotosis were randomly distributed in the 
cancerous transitional epithelium of bladder 
(Figure 2). Apoptosis was seen in 66 cases 
(52.8%) in all. Where as on grade wise analysis, 
18 cases (47.3%) in grade I, 24 cases (51%) in 

Table 2. Relationship between VEGF expression, sex and age 

Sex Age 
VEGF Positivity 

Total 
cases Positive cases Percentage P- Value 

  
Male 

< 50 
≥ 50 

32 
68 

09 
36 

28% 
52.9% 

  
P<0.05 

  
Female 

< 50 
≥ 50 

10 
15 

03 
06 

30% 
40% P>0.05 

 

Table 3. Relationship between apoptosis, sex and age 

  
Sex 

  
Age 

Apoptosis Positivity 
Total cases Positive cases Percentage P- Value 

  
Male 

< 50 
≥ 50 

32 
68 

12 
48 

37.5% 
70.5 % 

  
P<0.05 

  
Female 

< 50 
≥ 50 

10 
15 

01 
05 

10% 
33% 

  
P<0.05 

 

Table 4. VEGF overexpression, Apoptosis and smoking association 
S u b j e c t 
of study 

Variable No. of 
cases 

Cases shown Odd 
ratio 

95% CL P-Value 

Positive No. (%) Negative No. (%) 

VEGF Non smoking 55 34(61) 21(38) 0.24 0.116- 0.523 P>0.05 

Smoking 70 50(71) 20(29) 

Apoptosis Non smoking 55 22 (37) 33 (60) 2.25 1.03-4.94 P<0.05 
Smoking 70 42(60) 28 (40) 
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+-grade II and 24 cases (60%) of grade III were 
positive for apoptosis (Table 1).  
 
Apoptosis index (i.e. mean percentage of apop-
totic cells) were low in normal cases (0.1 ± 0.1) 
whereas apoptosis index was high in TCCs 
cases (>1.0). The average apoptosis index for 
grade III TCCs (1 ± 0.2) was the highest 
whereas the apoptotic index was lowest in 
grade I (0.2 ± 0.1), with that for grade II TCCs 
(0.8 ± 0.2). It was found that along the progres-
sion of tumor grade, apoptotic index signifi-
cantly increased. Apoptosis positive cases were 
further compared evaluated on the basis of sex 
and age of the patients. It was found that the 
apoptosis were significantly higher in both sexes 
of ≥ 50 years age group (p< 0.05) (Table 3). 
Apoptosis was observed in 60% (42 cases) of 
smokers, 37% (22 cases) non-smokers. The 
association between cigarette smoking and 
apoptosis was analysed and found to be 2.25 
(95% CI 1.03-4.94) (p trend P<0.05) as com-
pared to non-smoker (Table 4). 
 
Correlation between VEGF and apoptosis in 
bladder cancer 
 
VEGF immunoreactivity and apoptosis in TCC of 
bladder were found to be increasing in the simi-
lar fashion from grade I, grade II to grade III of 
the carcinoma. Statistical analyses showed cor-
relation among the variables like progression of 
tumor grade, the rate of VEGF expression and 
apoptotic index. VEGF expression and apoptosis 
were further evaluated on the basis of sex and 
age. Both apoptosis as well as VEGF expression 

was seen to be positively correlated to the 
grades of tumor in ≥ 50 years age group of both 
sexes. Interestingly, of the 125 Transitional Cell 
Carcinoma cases examined, 60% cases showed 
both apoptosis and VEGF expression, indicating 
that apoptosis and VEGF play an important role 
in the genesis of urinary bladder carcinoma.  
 
Discussion 
 
TCC is the most common cancer of urinary blad-
der and accounts for 90% of all bladder carci-
noma [19]. Our findings also indicate similar 
type of pattern with more than 92% of the pa-
tients had TCC, whereas SCC and Adenocarci-
noma accounted for 6% and 2% respectively. 
Though there are many studies on the etiology 
of cancer but the exact pathogenesis still re-
mains uncertain. The various risk factors have 
been analysed and reported in the literature 
including cigarette smoking, age and sex. The 
incidence of bladder cancer has been reported 
to increase with the increase in age.  
 
In our study the peak incidence of bladder can-
cer was observed in the age group of 50-70 
years. The reasons for this remain unclear, but 
it might be due to the cumulative effects of long 
time exposures to carcinogens, the failure of 
DNA repair mechanisms and aging [20]. 
 
The male to female ratio of the urinary bladder 
cancer is reported to be 3:1 in USA, and 2.2:1 in 
Italy [21]. In our study made on Indian patients 
it was found to be 5:1 a different observation 
made by earlier investigators from other me-
tropolis of the country [22] and different from 
other part of the world [23]. A much higher inci-
dence of tumors was noted in males compared 
with females. The variation of incidence of blad-
der cancer in the two genders may be due to 
the variation in the environmental, dietary expo-
sures, innate sexual characteristics such as 
anatomic differences, urination habits, or hor-
monal factors [24]. It is also important to note 
that in Indian scenario tobacco chewing and 
smoking are much higher among men than 
women, further due to social factors, the men 
acquire these habits earlier than women. 
 
Cigarette smokers as reported have four times 
higher incidence of bladder cancer [25]. The 
risk of cigarette smoking was observed in both 
the sexes. Earlier investigators reported that 
p53 mutation was high in bladder cancer of 

Figure 2. Typical apoptotic cells in transitional cell 
carcinoma of bladder (Original magnification X400). 
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smokers as compared to non smokers [26]. 
This suggests that cigarette smoking might in-
crease the mutations in urothelial cells.  
 
In present study, among male patients, 71% 
were smokers, where as the previous study 
showed that there were 50% smokers among 
male and 31% among female [26]. In accor-
dance with earlier findings, our data shows that 
the incidence of smoking was much higher 
among male cases if compared with female 
cases (71% versus 4.7%). 
 
Angiogenesis is an independent prognostic tu-
mor marker in several types of tumors and 
VEGF is major factor in this process [27]. VEGF 
expression is related to systemic metastasis via 
angiogenesis. It promotes invasion and migra-
tion of endothelial cells and by increasing vas-
cular permeability. Multiple studies have sug-
gested that the expression of VEGF correlated 
with stages and grades of bladder TCC [27, 28]. 
Our study made on Indian patients, for the ex-
pression of VEGF in urinary bladder carcinoma 
hereby, reports 43.2% VEGF expression was 
seen in high grade TCC of urinary bladder.  
 
VEGF expression is reported to be more preva-
lent in advanced and progressing bladder carci-
noma [11]. Our finding indicates there is a 
strong positive correlation between VEGF ex-
pressions and tumor grade (Grade I- 36.8%, 
Grade II - 44.6% and Grade III - 47.5%). 
 
The overexpression of VEGF and angiogenesis 
in transitional cell carcinoma remained largely 
unknown. It might be due to the reason that the 
smoking exposure impairs VEGF-induced endo-
thelial cell migration and tube formation [29]. 
VEGF regulates neovascularization in malignant 
cells and alter cancer cell formation and tumor 
progression. It promotes invasion, migration of 
endothelial cells and facilitates the entry of tu-
mor cells into the circulation allowing them to 
metastasize. 
 
VEGF expression was significantly high among 
male patients with age ≥ 50 years as compared 
to < 50 age group. The exact reason of this dif-
ference is difficult to explain. However, the pos-
sible explanation of this difference may lie be-
hind the fact that the habit of tobacco chewing 
and cigarette smoking is much higher among 
men than women and the men acquire these 
habits earlier in their life than the women. There 

further seems to be a longer latency period re-
quired for carcinogenic induction. VEGF also 
appears to yield significant prognostic informa-
tion in addition to the tumor grade and may be 
of much value for the clinical management of 
bladder carcinoma. The pattern of VEGF immu-
nostaining and its association with tumor pro-
gression makes it a candidate for antigrowth 
factor therapy. 
 
Apoptosis was analysed in the present study by 
in situ terminal transferarse-mediated dUTP 
nick end labeling (TUNEL) and was semiquanti-
fied by apoptotic index [18]. It was found that 
average apoptotic index and apoptotic cells 
were more frequently seen in high grade tumors 
(0.2 ± 0.1 in grade I, 0.8 ± 0.2 in grade II and 1 
± 0.2 in grade III) this was statistically signifi-
cant. It was also found that 47.30%, 51.60% 
and 60.0% of TCCs cases were positive for 
apoptosis in grade I, grade II and III respectively.  
 
This analysis showed that apoptotic cell death is 
increased in high grade tumors as compared to 
the tumors of low grade malignancy. Earlier in-
vestigator reported similar observations that 
apoptosis was higher in higher grade of tumors 
[11], suggesting that the tumor show high prolif-
erative activity, leading to cellular turnover in 
these tumors. What triggers apoptosis during 
tumor development is still a debated topic [14, 
15]. A variety of signals play an important role in 
the development of tumor. Earlier studied 
showed that cigarette smoke can produce sin-
gle stranded DNA [30, 31] and alter regulation 
of the c-fos, jun at the transcriptional level [32]. 
Previous studies showed that cigarette smoking 
play a role in stimulation of iNOS and c-fos via 
regulation of protein tyrosine phosphorylation 
and MAP kinase under oxidative stress, which in 
turn, may promote lung pathogenesis [32, 33]. 
 
When apoptosis was analyzed on the basis of 
age and sex, it was found that apoptosis was 
significantly higher among ≥ 50 age group of 
either sex as compared to the patients with age 
group < 50 years (p<0.05). The reason for this 
difference may be due to the high endogenous 
level of oxidative adducts, cigarette smoking, 
dietary imbalances, infections, hormones, occu-
pational exposures and agin [25]. Carcinogene-
sis/tumorigenesis may further be associated 
with molecular alterations of genes involved in 
control of cellular proliferation and other physio-
logical function. The cumulative exposure of 
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such carcinogens might be the reason of muta-
tion or silencing in some crucial tumor suppres-
sor gens or in the apoptotic regulatory genes 
thereby leading to development or progression 
of such carcinomas [37, 38]. To investigate the 
association between apoptosis, VEGF, smoking 
in urinary bladder carcinoma, we analyzed tu-
mor specimens for, VEGF and categorized them 
according to patients smoking exposure.  
 
To estimate the individual relative risk of apop-
tosis positive versus apoptosis negative, and 
VEGF positive versus negative cases, a control 
was used for comparative analysis. The tumors 
showing positivity for apoptosis significantly 
were associated with smoking status whereas 
VEGF was not. 
 
In present study there was a positive correlation 
between apoptosis and VEGF suggesting that 
overexpression of VEGF may be important for 
apoptosis to occur during urinary bladder car-
cinogenesis. To our knowledge, this is the first 
study regarding the relationship between Vascu-
lar Endothelial Growth Factor, Apoptosis, smok-
ing and the risk of bladder carcinoma. 
 
Our data support that apoptosis is associated 
with smoking and the risk of urinary bladder 
carcinoma whereas VEGF was not. The molecu-
lar mechanism behind this is not properly un-
derstood. Cigarette smoking has been known to 
be associated with high risk of bladder cancer 
[34]. There are earlier reports showing interac-
tion of genetic factor and effect of smoking on 
the genesis of bladder cancer [35, 36]. 
 
The data obtained in the present study led us to 
conclude that (1) Cigarette smoke causes car-
cinogenesis through the forming DNA adducts 
that result in transitional mutation. (2) Cigarette 
smoke impairs VEGF function via VEGF -induced 
endothelial cell migration and tube formation. 
(3) Cigarette smoke induces apoptosis through 
certain undefined mechanism involving the re-
lease of apoptosis related protein(s).  
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