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Abstract 
Bladder cancer is a significant health problem and is the fourth most common malignancy in the Western 
world. Histologically, transitional cell carcinoma (TCC) is the most common subtype and represents nearly 
90% of all bladder cancers. Mutations of the tumour suppressor gene p53 are the most frequent genetic 
alteration found in human cancers, including urinary bladder carcinoma. Numerous studies have attempted to 
define p53 as a molecular marker with clinicopathological and predictive values. 
In this study we have investigated tissue samples of histopathologically confirmed TCC of the urinary bladder 
from 70 patients. Normal urinary bladder mucosa obtained from 40 patients with nonmalignant diseases were 
used as a negative control group. Immunofluorescence detection was performed using double-sandwich 
antibody technique, the microscope images were captured by digital camera and analyzed by ImageJ software. 
Corrected fluorescent intensity values corresponding to average malignant cells' nuclear p53 staining were 
calculated from each patient sample. 
We found that the mean corrected fluorescence intensity values of TCC samples grade I and II did not differ 
statistically significantly. On the contrary, those values were significant between the TCC grades II and III, as 
well as between grade I and III. In addition, a high correlation of p53 fluorescence intensity values from 
superficial TCC samples with the invasive TCC samples was found. However, the data showed no predictive 
value of p53 nuclear accumulation in TCC samples in terms of recidive, metastasis or cancer-related death, at 
least within the 2-years follow-up period. 
Given the relatively small size and heterogeneity of our patient groups, however, further studies are needed to 
demonstrate the clinicopathological value of digital quantitative immunofluorescent detection of nuclear p53 in 
TCC samples. 
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Introduction  
Bladder cancer is a significant health prob-

lem and is the fourth most common malignancy in 
the Western world [1]. In 2010, it was the second 
most common genitourinary cancer in the United 
States, with a projected 70,530 new cases and 
14,680 deaths [2]. Currently, it is estimated that 
there are more than 1,000,000 men and women alive 
in the United States and Europe who have a history 
of bladder cancer. According to the registry for 
cancer in the Republic of Macedonia in 2006, the 
rate of incidence is 6.5 per 100,000 inhabitants, 9.5 

of the male and 3.4 of the female population, while 
mortality is 4.6 per 100,000 inhabitants, i.e. 6.9 of 
the male and 2.2 of the female population [3]. 

Histologically, transitional cell carcinoma 
(TCC) is the most common subtype and represents 
nearly 90% of all bladder cancers [4]. The majority 
of patients present superficial disease (confined to 
the epithelium or the subepithelial connective tis-
sue) at the time of diagnosis and approximately 
50% to 70% of patients develop disease recurrence 
with 10–40% of cases ultimately progressing to 
muscle invasive disease over 5 years [5–7].  
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Mutations of the tumour suppressor gene TP53 
(also known as p53) are the most frequent genetic 
alteration found in human cancers, including urinary 
bladder carcinoma [8]. In humans, p53 protein is 
encoded by the p53 tumour-suppressor gene (also 
known as TP53) located on the short arm of chro-
mosome 17 (17p13.1) [9, 10, 11]. p53 acts as a tran-
scription factor that is activated by various types of 
cellular stress, including DNA damage and oncogene 
activation, and appears to initiate a cascade of mole-
cular events that result in cell cycle arrest, DNA repair 
and apoptosis, thus preventing the next cell genera-
tions from harbouring the genetic alterations. There-
fore p53 serves as the "guardian of the genome" [12].  

It has already been established that the half-
life of a mutated p53 protein is considerably longer 
than that of the wild-type P53 protein [13]. The 
accumulation of the mutated P53 protein in the 
nuclei of the malignant cell is the main reason for 
increased detection level by immunohistological 
methods, including immunofluorescence.  

Many previous studies have established that 
both p53 gene mutations and immunohistochemi-
cally detected p53 expression are independent prog-
nostic biomarkers, indicating that p53 stabilization 
not encoded by mutant gene could also produce 
aberrant downstream signalling pathways, inclu-
ding, but not limited to p21 expression [14].  

For those reasons, it is to be expected that 
p53 is widely investigated in urinary bladder can-
cer. Numerous studies have attempted to define p53 
as a molecular marker with clinicopathological and 
predictive values [15]. 
 

Material and methods 
Patients and tissue samples 
Analyses were performed on tissue samples 

of histopathologically confirmed transitional cell car-
cinoma (TCC) of the urinary bladder from 70 pati-
ents, collected by transurethral resection of Bladder 
tumour (TURBT) at the University Clinic of Urolo-
gy in Skopje between October 2009 and March 2011. 
Sixty-one male and 9 female patients with an ave-
rage age of 64.29 years (range 380–80) were inclu-
ded in the study. The histological gradus and tumour 
staging were considered at the time when the tissue 
sample was obtained. As a negative control group, 
tissue samples of urinary bladder mucosa obtained 
by open retropubic prostatectomy for benign pro-
state hyperplasia (BPH) (34 patients) or open blad-
der surgery for nonmalignant purposes in 6 female 
patients were used. All patients signed written infor-
mation consent and the study was approved by the 
Ethical Committee of the Medical Faculty in Skopje. 
 

Digital quantitative immunofluorescent 
 detection of P53 
The analyses were performed on formalin-

fixed, paraffin-embedded sections using double-
sandwich antibody technique. Briefly, the 6-μm 

sections were mounted on microscope slides, depa-
raffinized, hydrated and incubated with primary 
mouse monoclonal anti-human P53 antibody fol-
lowed by secondary anti-mouse IgG-avidin conju-
gate. Finally, streptavidine-fluorescein isothiocyanate 
(FITC) conjugate was applied and each sample was 
examined using an epifluorescent microscope with 
appropriate filter sets and equipped with a digital 
camera (Human, Germany). The antibodies and fluo-
rescent conjugate were obtained from Sigma-Al-
drich, Germany. Digital images were recorded and 
analysed by ImageJ v.1.46r software. At least 50 
malignant cells were analysed from each patient. 
The average fluorescence intensity was measured 
using the "Measure" function of the software on 
each manually selected nucleus and obtained Inte-
gral Density value was divided by the Area. In ad-
dition, the fluorescence intensity of 25 nonepi-
thelial nuclei (stromal cells, lymphocytes and endo-
thelial cells) from the same tissue section was used 
for internal background measurement. The mean 
background values were then subtracted from the 
malignant cells' nuclear average fluorescence inten-
sities in order to obtain corrected fluorescent inten-
sity (CFI) values for each patient. As a negative 
control, histologically normal urinary bladder sam-
ples were used and similar analyses were applied 
on the epithelial cells' nuclei. 

Statistical analysis for correlations between 
the CFI values from different patient groups was 
performed using MS Office Excel 2010 and inclu-
ded descriptive statistics (means, minimal and 
maximal values) and parametrical analyses: Student 
t-test, Fisher-test, ANOVA, as well as determina-
tion of the standard deviations, standard errors and 
confidence intervals. P-values less than 0.05 were 
considered statistically significant. 
 

Results 
Digital quantitative immunofluorescent dete-

ction of p53 was completed on tissue sections deri-
ved from 70 patients with TCC and normal epithet-
lial samples from 40 control patients with no mali-
gnancy. The summary of patients' histopathological 
classification data are presented in Table 1. 

We quantified the p53 by the immmunoflu-
orescence method and digital analysis of nuclear 
fluorescence intensity as is illustrated by the exam-
ple in Figure 1. The immunofluorescence was diffuse 
and almost uniform in the malignant cells' nuclei in 
the examined tissue samples from all presented cases.  

Statistical analysis revealed that there is no 
significant correlation between the CFI of tissue 
samples with TCC grades I and II (p > 0.05). In 
contrast, the difference between the grades II and 
III and between grades I and III, as well as between 
each grade and the control group, CFI values are 
statistically very highly significant (p < 0.01) Table 
2 and Figure 2. 
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Table 1 
 

Histological grading and staging of urinary bladder TCC patients 

Gradus  I II III Total 
n 5 42 23 70 
Superficial: n (%) 5 (7.14%) 41 (58.57%) 7 (10.00 %) 53 (75.71%) 
Infiltrative: n (%) 0 (0%) 1 (1.43%) 16 (22.86%) 17 (24.29%) 

 

 
Figure 1 – Images of tissue samples from patient with urinary bladder TCC during digital analysis. Standard 

histological slide prepared with haematoxylin-eosin staining photographed under light microspope (A). 
The same area of the tissue section immunostained for p53 detection recorded under fluorescent microscope (B). 
Higher magnification of the previous section (C). Screenshot illustrating the software analysis for measurement  

of nuclear fluorescence intensity (D) 
 

Table 2 
 

Statistical parameters regarding TCC grades 

Patients TCC Control 
Gradus I II III 0 
n 5 42 23 40 
Mean CFI 47.11 54.00 104.21 0.92 
Min CFI 37.23 41.29 88.17 0.39 
Max CFI 69.77 90.61 125.88 2.84 
SD CFI 13.66 11.29 11.75 0.43 
SE CFI 6.11 1.74 2.45 0.07 
Confidence (95%) for CFI 11.97 3.41 4.80 0.13 
Student t-test (I and II) 0.330645769 / / 
Student t-test (II and III) / 1.26139E-20 / 
Student t-test (I and III) 0.000234256 / 
Student t-test (I and Ctrl) 0.001637136 
Student t-test (II and Ctrl) / 7.71746E-30 
Student t-test (III and Ctrl) / / 1.46922E-22 
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Figure 2 – Correlation between CFI in different TCC grades and control group 

 
We found a high correlation between the 

tumour invasiveness and the measured CFI values. 
Namely, the difference of CFI from the patients' 
subgroup with histopathologically confirmed mus-

cle noninvasive (superficial) TCC and from those 
with muscle invasive (infiltrative) TCC has a very 
high statistical significance (p < 0.001) (Table 3 
and Figure 3). 

 
Table 3 

 
Statistical parameters regarding tumour invasiveness 

 

Patients TCC Control 
Stage Superficial Infiltrative 0 
n 52 18 40 
Mean CFI 60.68 96.96 0.92 
Min CFI 37.23 47.85 0.39 
Max CFI 120.63 125.88 2.84 
SD CFI 21.91 20.61 0.43 
SE CFI 3.04 4.86 0.07 
Confidence (95%) for CFI 5.95 9.52 0.13 
Student t-test (Sup. and Inv.) 4.59952E-07 / 
Student t-test (Sup. and Ctrl) 1.77748E-25 
Student t-test (Inv. and Ctrl) / 3.6081E-13 

 

 
Figure 3 – Correlation between CFI in superficial and infiltrative TCC and control group 
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Of the 70 analysed patients, 44 have remained 

free of tumour recidive, metastasis or death within 
2 years of obtaining the tissue sample. Twenty-six 
patients have either local tumour recidive, distant 
metastasis or have died from those causes during 
the same evaluation period. Those two patients 

subgroups do not correlate significantly with their 
CFI values (p > 0.05). On the other hand, the CFI 
data from each of those two subgroups differ from 
the control group values with very high statistical 
significance (p < 0.001) (Table 4 and Figure 4).  

 
 

Table 4  
 

Statistical parameters regarding tumour recidives, metastasis and death 
 

Patients TCC 

Stage 
 

No data for 
Recidives, 
Metastasis  
or Death 

Recidives, Metastasis or Death 
within 2 years of obtaining  

the tissue sample 
 

Control 

n 44 26 40 
Mean CFI 67.67 73.96 0.92 
Min CFI 37.23 44.54 0.39 
Max CFI 119.63 125.88 2.84 
SD CFI 25.41 28.90 0.43 
SE CFI 3.83 5.67 0.07 
Confidence (95%) for CFI 7.51 11.11 0.13 
Student t-test (No recid.and recid.) 0.362842521 / 
Student t-test (No recid. and Ctrl) 4.16698E-21 
Student t-test (Recid. and Ctrl) / 1.53496E-12 
  

 
Figure 4 – Correlation between CFI regarding tumour recidives, metastasis and death within 2 years  

of obtaining the tissue sample and control group 
 
Discussion 
The immunohistochemical studies focused on 

evaluation of p53 expression and nuclear accumu-
lation in bladder cancer samples were described 
relatively long ago [16, 17]. In fact, p53 gene and 

its protein product p53 are the most commonly 
investigated molecular markers in bladder cancer 
[18].  

Although earlier studies have shown that p53 
occurs in higher TCC stages and grades [16, 17], 
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other studies have led to different conclusions that 
are in part contradictory. Those inter-study incon-
sistencies may be due to the differences in the 
patient' population, study design and other factors 
[19]. Additionally, the methodological approach 
used in different studies may be at least partly 
responsible for discrepancies and poor results repro-
ducibility. Many factors, including, but not limited 
to, the selection of the antibodies, lack of the 
standardized method of immunostaining and evalu-
ation and interpretation of staining results remain 
an issue [20]. 

The majority of previous studies that evalu-
ate p53 expression in tissue samples are based on 
immunohistochemical detection resulting in stain-
ing of the section with a coloured enzyme substrate 
product. In those cases, the quantitative evaluation 
was performed by counting of the cells or nuclei 
that were positive for specific staining.  

In this study, we used more objective and re-
producible methodology based on quantitative mea-
surement of the fluorescent signal of individual nu-
clei recorded by using a fluorescent microscope. The 
digital data were analysed by dedicated image ana-
lysis software. Importantly, the background "noise" 
signals due to nonspecific antibodies binding and 
tissue autofluorescence were subtracted from each 
individual digital image analysed in order to reduce 
the variability due to microscope illumination inten-
sity and optical imperfections. This methodological 
approach has a relatively recent history of use in 
the quantitative detection of p53 and cancer-related 
proteins [21] and is more sophisticated and far 
more objective than widespread scoring. 

In our study, we found that the mean cor-
rected fluorescence intensity values of low grade 
TCC samples (grades I and II) did not differ statis-
tically significantly. On the contrary, those values 
were significant between the higher TCC grades (II 
and III), as well as between grades I and III. In ad-
dition, we found differences with very high statis-
tical significance comparing fluorescence values of 
each grade (I, II and III) with the negative control 
group (histologically normal bladder mucosa) va-
lues. The analysis of our results showed a high cor-
relation of p53 fluorescence intensity values from 
superficial TCC samples with the infiltrative TCC 
samples. Those huge differences in p53 expression 
are not unusual. Namely, histopathological and 
genetic studies already lead to the concept that 
superficial papillary and invasive urinary bladder 
cancers seems to have different natural histories. It 
is widely accepted that the majority of infiltrative 
TCCs have no known papillary precursor lesion 
[22]. Those results suggest that the genetic changes 
that guide the overexpression or accumulation of 

nuclear p53 could occur relatively late during the 
malignant transformation process. 

Considering the patients’ outcome, 44 out of 
70 analysed patients have remain free of tumour 
recidive, distant metastasis or cancer-related death 
within 2 years follow-up after obtaining the tissue 
sample. The remaining 26 have either local tumour 
recidive, recorded metastasis or have died from 
those causes during the follow-up period. Those 
two patient subgroups do not correlate significantly 
with their CFI values (p > 0.05). On the other hand, 
CFI data from each of those two subgroups differ 
from the control group values with very high 
statistical significance (p < 0.001). It is clear that 
those results did not confirm the predictive value of 
p53 nuclear accumulation in TCC samples in terms 
of recidive, metastasis or cancer-related death, at 
least within the follow-up period. This conclusion 
is similar to many previous reports [23]. On the 
other hand, some authors have found that p53 is a 
significant predictor of bladder cancer progression 
[17] and others found that p53 immunohistochemi-
stry appears to be predictive, but only in high grade 
TCC [20]. It is significant to highlight that the cor-
relation between p53 expression and urinary blad-
der cancer prognosis has been investigated and 
published in more than 200 papers [24]. The impro-
ved and relatively new methodology, as well as the 
short period of patient evaluation in our study, 
could be a considerable factor that should be taken 
into consideration when comparing with the results 
of other studies.  

Given the relatively small size and hetero-
geneity of our patient groups, however, further stu-
dies are needed to demonstrate the clinicopatholo-
gical value of digital quantitative immunofluores-
cent detection of nuclear p53 in TCC samples. 
 

Conclusion 
In this study we have investigated tissue 

samples derived from a total of 70 patients with 
histopathologically confirmed TCC of the urinary 
bladder as well as a negative control group consis-
ting of normal bladder mucosa from patients with 
nonmalignant diseases. 

Our results indicate that the digital quantita-
tive detection of nuclear p53 by immunofluorescen-
ce staining of histological samples could provide 
more objective and reproducible values correspond-
ding to p53 protein concentration in cell's nuclei 
than the traditional scoring system of counting the 
positively stained cells. The corrected fluorescence 
intensity values obtained from our TCC and control 
patient groups show statistically significant dif-
ferences between lower and higher TCC grades and 
stages. The usefulness of p53 quantified in this way 
should be further evaluated to confirm if it can 
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serve as a molecular marker for distinguishing bet-
ween low (grade I) and higher grades (II and III) of 
urinary bladder TCC. In addition, further research 
including larger patient group size is needed to 
confirm the quantification of p53 by this approach 
as a marker for local invasiveness of the urinary 
bladder TCC, but not for short-term (2-year) prog-
nosis of local tumour recidive, distant metastasis or 
cancer-related death. 
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Karcinomot na mo~niot meur e zna~aen 
zdravstven problem. Сpoред zastapenostа e ~etvrta 
naj~esta maligna neoplazma vo зapadniot svet. 
Histolo{ki, naj~est e karcinomot na preodniot 
epitel (TCC od transitional cell carcinoma) koj e za-
stapen so pribli`no 90% od site karcinomi na 
mo~niot meur. Mutaciite vo tumor-supresorski-
ot gen p53 se naj~estiot tip na genetski promeni 
kaj humanite maligni tumori, vklu~uvaj}i go i 
karcinomot na mo~niot meur. Dosega se naprave-
ни golem broj istra`uvawa vo obid da se vospo-
stavi proteinot p53 kako molekularen marker so 
klini~ko-patolo{ka i prediktivna vrednost. 

Vo ovaa studija analiziravme tkivni pri-
meroci od histopatolo{ki potvrden TCC na 
mo~niot meur od 70 pacienti. Kako negativna 
kontrola koristevme normalna mukoza od mo~en  
 
 
 
 

meur dobiena od 40 pacienti operirani заradi  
nemaligni zaboluvawa. Imunofluorescentnata 
detekcija se vr{e{e koristej}i ja tehnikata na 
antitela vo dvoen sendvi~, po {to mikroskop-
skite sliki bea fotografirani so digitalna ka-
mera i analizirani so softverot ImageJ. Bea 
presmetani vrednostite na korigiran fluores-
centen intenzitet koi se odnesuvaat na prose~no 
izmerenoto obojuvawe na p53 vo jadrata od sekoj 
primerok. 

Analizite poka`aa deka nema statisti~ki 
zna~ajni razliki me|u srednite vrednosti na in-
tenzitetot na fluorescencija kaj primerocite 
od pacienti so TCC – gradus I i II. Sprotivno, 
vrednostite signifikantno se razlikuvaa me|u 
primerocite so TCC – gradus II i III, kako i me|u 
tie so gradus I i III. Pokraj toa, najdena e zna-
~ajna korelacija me|u vrednostite na intenzite-
tot na fluorescencija na ispituvaniot p53 kaj 
primerocite od superficijalen i tie od infil-
trativen TCC. Sepak, rezultatite ne poka`aa 
prediktivna vrednost na akumuliraniot p53 vo 
tkivoto od pacienti so TCC vo smislа na reci-
divirawe, metastazirawe ili egzitus povrzan so 
ovaa bolest vo tekot na dvegodi{noto sledewe 
na pacientite. 

No, so ogled na relativno maliot broj i 
heterogenosta na grupite pacienti, smetame deka 
se neophodni natamo{ni istra`uvawa so cel da 
se proceni klini~ko-patolo{kото zna~ење na 
digitalnata kvantitativna imunofluorescentna 
detekcija na p53 vo jadrata na tkivnite prime-
roci od pacienti so TCC. 
 
Klu~ni zborovi: karcinom na mo~en meur, pro-
tein p53, imunofluorescencija, kvantitativno 
opredeluvawe.

 
 
 
 
 


