
 

 

Introduction 
 
Carcinoma of the urinary bladder is the 7th most 
common cancer in the world [1]. Most of the 
cases originate from the urothelial epithelium, 
and these are divided in two main groups; infil-
trating urothelial carcinomas and non-invasive 
urothelial neoplasms [1]. Development of blad-
der cancer is associated with exposure to ex-
ogenous carcinogens, tobacco smoking and 
occupational exposure to aromatic amines be-
ing the most significant factors [1].  
 
Tobacco smoke contains many carcinogens and 
many of these are able to induce formation of 
radicals and reactive oxygen species (ROS). Oxi-
dative and xenobiotic stress in cells is sensed 

by nrf2 (Nuclear factor erythroid  2-related fac-
tor 2). In case of such a stress, nrf2 is released 
from cytoplasmic Keap1 (Kelch-like ECH-
associated protein 1), and moves to the nucleus 
where it induces the expression of several 
genes involved in the antioxidative defence, 
such as peroxiredoxins (Prx) [2, 3]. Nrf2 bound 
to keap1 is complexed with Cullin 3-based E3 
ubiquitin ligase complex, ubiquitinated and then 
degraded in proteosomes [2, 3]. 
 
Oxidative stress can be detected in histological 
sections with several antibodies [4, 5]. Nitrotyro-
sine is an antibody detecting nitrosative stress 
and anti-8OHdG antibodies (8-hydroxydegua-
noside) detect DNA adduct formation mainly 
due to hydroxyl-induced stress [5]. Previous 
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works have shown that these markers can be 
used in the assessment of oxidative stress in 
tissues and in ovarian carcinoma, where for 
example, high levels of 8OHdG have been asso-
ciated with a poor prognosis [5-7]. 
 
Prx are hydrogen peroxide scavenging enzymes 
present in procaryotic and eucaryotic cells [8, 
9].They are common proteins comprising of 
about 0.1-0.8 % of the protein contents of the 
cell [8].  In mammals there are six peroxiredox-
ins the genes of which reside in chromosomes 
1, 4, 8, 19 and X, both prx 3 and 5 being found 
in chromosome 19 [8]. While prx1, 2 and 6 are 
found in the cytosol and nuclei of the cells, prx 4 
is present in the endoplasmic reticulum [8, 10]. 
Prx 3 and 5 are found in mitochondria, prx 5 
additionally in the peroxisomes [8]. Thus differ-
ent types of peroxiredoxins take care of scav-
enging peroxides in different cellular compart-
ments. 
 
Hydrogen peroxide takes part in cellular signal-
ing and peroxiredoxins may thus influence sev-
eral cellular functions, such as proliferation, 
migration, differentiation or apoptosis [8-11]. 
Peroxiredoxins are divided in three subgroups 
based on their cysteine groups and catalytic 
mechanisms. Prx 1-4 belong to typical-2-Cys, Prx 
5 to atypical-2-Cys and prx 6 to 1-Cys subgroup 
[8]. In the typical-2-Cys subgroup sulfhydryl 
groups in one molecule react with those in an-
other molecule while in atypical-2-Cys peroxire-
doxin the reaction takes place  between two 
sulfhydryl sites in the same molecule [11]. In 1-
Cys peroxiredoxin there is only one reactive sulf-
hydryl group which reacts with that of another 
molecule [11]. 
 
Aberrant expression of peroxiredoxins has been 
found in various cancers and antibodies to 
some peroxiredoxins, like prx 1 have been 
found in sera of cancer patients [8]. Peroxire-
doxins are upregulated in oxidative stress and 
their level predicts the radiosensitivity of tumors 
[8]. In earlier studies, several malignancies like 
malignant mesotheliomas have been shown to 
express high amounts of peroxiredoxins, a fact 
which may partly explain their therapy resis-
tance [10]. 
 
In this study we investigated a large set of blad-
der tumors for oxidative damage using immuno-
histochemical markers for nitrotyrosine and 
8OHdG and compared the results with the ex-

pression of nrf2 and keap1 in these tumors. 
Additionally we analysed all six peroxiredoxins 
and thioredoxin in these tumors. These vari-
ables were associated with clinical parameters 
of the tumors, such as survival and TNM-stage. 
Additionally, a subpopulation of cases was stud-
ied for the expression of 8OHdG adducts in the 
urine and serum. 
 
Materials and methods 
 
Materials 
 
The tissue material consisted of 252 urothelial 
bladder carcinomas collected from the files at 
Oulu University Hospital, Oulu, Finland during 
1990-2005. 67 % of the tumors were low grade 
and 33 % high grade. 73 % were superficial and 
27 % invasive. During follow-up, 66 underwent 
cystectomy and 50 received radiation therapy. 
120 received instillation treatment, of these 91 
received Bacillus Calmette-Guérin (BCG), 6 mito-
mycin, 6 farmorubicin, 15 epirubicin+ interferon
-alpha2b (IFN), and 2 BCG+IFN. 68 % of cases 
had one or more recurrence. The specimens 
were fixed in neutral formalin and further em-
bedded in paraffin blocks and stored at the De-
partment of Pathology in the same institute. The 
patients were surgically staged according to the 
current TNM classification system and the de-
gree of tumor differentiation was classified after 
WHO Classification of Tumours [1]. The grade 
and the TNM status of tumors were obtained 
from patient records. The study was approved 
by the Local Ethics Committee of the Ostroboth-
nia District of Nothern Finland. 
 
Immunohistochemistry 
 
Paraffin-embedded tissues were first sectioned 
to slides of 4 μm thickness and placed on 
SuperFrostPlus glass, fixed at 37° C overnight, 
and processed further within a few days. The 
sections were deparaffinized in xylene and then 
rehydrated in descending ethanol series, 
incubated in 10 mM citrate buffer (pH 6.0), 
boiled in a microwave oven for 10 minutes, and 
cooled properly at room temperature before 
adding the primary antibody. Negative controls 
were prepared using the same procedure 
except that the primary antibodies were 
replaced by PBS and serum isotype controls 
(Zymed Laboratories, Inc.). Previously known 
positive control samples were also used. Table 
1 shows more details of the stainings for each 
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antibody used. For Keap1, nrf2, prx 1-6 chro-
mogen used was aminoethylcarbazole, for 
8OHdG, nitrotyrosine and thioredoxin diamino-
bentzidine. 
 
The immunohistochemical results were devided 
semiquantitatively as follows; 0=negative, 1-5 %
= weak, 5-25 %=moderate, 25-75 %= strong, 
over 75 %= very strong. Nuclear and cytoplas-
mic positivity were assessed separately. The 
analyses were performed by five experienced 
pathologists (YS, PH, VK, SK, KMH).  In the 
analysis, the results were also divided in two 
groups; negative 5 %, positive >5 %. 
 
Enzyme-linked immunosorbent assay (ELISA) 
 
The serum values of 8-OHdG could be deter-
mined from 36 patients and urine 8-OHdG from 
76 urinary bladder carcinoma patients. Serum 
and urine samples were taken within one week 
and immunohistochemical and serum/urine 
samples within eight weeks from one another. 
Serum and urine samples were stored in poly-
propylene tubes or polystyrene tubes at -80 ° C 
until the time of analysis. To determine serum 8
-OHdG levels, Highly Sensitive 8-OHdG Check 
ELISA kit and for urine assessments New 8-
OHdG Check ELISA kit (both from Japan Insti-
tute for the Control of Aging, Fukuroi, Japan) 
were used. Both kits utilize the same highly spe-
cific monoclonal 8-OHdG antibody (clone 

N45.1), but differ in their assay ranges. All as-
says were done by following the manufacturer’s 
instructions with a few modifications. We as-
sayed duplicates of each sample and used also 
the outermost wells of the microtiter plate. If 
concentrations from duplicate samples differed 
by more than 10% the assay was repeated. 
 
Statistical analysis  
 
All statistical analyses were done using SPSS 
17.0 for Windows (Chicago, IL). The significance 
of associations was defined using Fisher’s exact 
test, chi-square test, Mann-Whitney test, and 
Kruskal-Wallis test. The log rank test, Breslow, 
Tarone-Ware and Kaplan-Meier curves were 
used in the survival analysis. Values < 0.05 
were considered statistically significant. 
 
Results 
 
The level of markers studied in tumors 
 
In the bladder tumors studied (n=252 for prx 1-
6, trx, 8OHdG and nitrotyrosine, n=173 for 
keap1 and nrf2), the expression of the studied 
proteins was as follows; cytoplasmic nrf2 posi-
tivity was seen in 87.7 % and nuclear positivity 
in 8% of cases. Keap1 positivity was seen in 
36.6 % of cases (Figure 1). Trx cytoplasmic posi-
tivity was seen in 91.1 % and nuclear in 59.3 %. 
14.9 % showed nuclear 8OHdG positivity and 

Table 1. Immunohistochemical methods used in this study 
Antibody (Clone/
Product code) 

Dilution Immunostaining method Source of primary antibody 

PRDX I 1:1500 Histostain-Plus Bulk Kit Labfrontier, York, 
United Kingdom 

PRDX II 1:1000 Histostain-Plus Bulk Kit Labfrontier, York, 
United Kingdom 

PRDX III 1:500 Histostain-Plus Bulk Kit Labfrontier, York, 
United Kingdom 

PRDX IV 1:500 Histostain-Plus Bulk Kit Labfrontier, York, 
United Kingdom 

PRDX V 1:2000 Histostain-Plus Bulk Kit Labfrontier, York, 
United Kingdom 

PRDX VI 1:2000 Histostain-Plus Bulk Kit Labfrontier, York, 
United Kingdom 

TRX 1:200 A biotinylated secondary anti-goat anti-
body; avidin-biotin-peroxidase complex 

American Diagnostica, Greenwich, CT 

8-OHdG 1:50 Dako Envision Kit JaICA, Fukuroi, Japan 
Nrf2 1:100 Histostain Plus Broad Spectrum Kit Santa Cruz Biotechnology, Santa 

Cruz, USA 
Keap1 1:100 Biocare Medical HRP Polymer Kit Santa Cruz 
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36.2 % nitrotyrosine positivity (Figure 2 and 3).  
The extent of cytoplasmic positivity for prxs is 
shown in Table 2. Nuclear positivity was seen in 
4.0 % of cases with prx 1, 5.0 % of cases with 
prx 2, 2.2 % of cases with prx 4 and 18.7 % of 
prx 6. Prx 3 and prx 5 were negative for nuclear 
staining. 
 
Associations between the variables in bladder 
tumors 
 
The association of cytoplasmic prx with other 
variables is shown in Table 3. Prxs associated 
mostly with nitrotyrosine, nuclear trx and keap1. 
Curiously, no significant associations were 

found between prxs and 8OHdG or nrf2. Nitroty-
rosine associated with nuclear prx 6 (p=0.001), 
nuclear 8OHdG with nuclear prx 6 (p=0.001) 
and prx4 (p=0.003), cytoplasmic trx (p=0.023) 
and with nuclear prx1. 8OHdG was associated 
with nuclear thioredoxin positivity (p=0.002), 
with nitrotyrosine (p=0.009), and inversely with 
keap1 (p=0.020). Nuclear nrf2 was associated 
with nitrotyrosine (p=0.042). 
 
Keap1 was positively associated with cytoplas-
mic nrf2 expression (p=0.030). There was no 
association between cytoplasmic thioredoxin 
expression and KEAP1 positivity (p=0.28), how-
ever, keap1 was associated with nuclear thiore-
doxin expression (p=0.023).  Nitrotyrosine was 
strongly associated with keap1 (p=0.001).  
 
Nuclear and cytoplasmic trx associated with 
each other (p<0.001). Prx 6 associated with prx 
2 (p=0.001), prx 4 (p=0.040), prx 5 (p=0.001), 
prx 3 (p=0.008). Prx 1 associated with prx 4 
(p=0.026), prx 2 with prx 5 (p=0.003) and prx 3 
(p=0.001), prx 3 with prx 5 (0.021). Additionally, 
there were many near significant associations 
between peroxiredoxins. 
 
Associations with clinical characteristics 
 
In high grade tumors there was a significantly 
lower expression of keap 1 (p=0.032). Such 
associations were not found for nrf2 or trx 
(either nuclear or cytoplasmic positivity). 8OHdG 
(p=0.202) or nitrotyrosine (p=0.083) did not 
associate with the grade of the tumors or the pT 

Figure 1. Invasive urothelial carcinoma showing cyto-
plasmic positivity for keap1. Chromogen used amino-
ethylcarbazole. 

Figure 2. In an invasive urothelial carcinoma nuclear 
expression for 8OHdG can be seen. Chromogen used 
diaminobentzidine. 

Figure 3. Strong cytoplasmic expression for nitrotyro-
sine can be seen in this case of an invasive urothe-
lial carcinoma. Chromogen used diaminobentzidine. 



8OHdG and nitrotyrosine in bladder carcinoma 

 
 
271                                                                                                       Int J Clin Exp Pathol 2011;4(3):267-275 

stage (p=0.985, p=0.179, respectively). Of per-
oxiredoxins, cytoplasmic prx 5 expression was 
inversely associated with tumor grade 
(p=0.006). No other peroxiredoxin showed such 
association. Prx4, on the other hand, was more 
positive in T2-T3 tumors (p=0.023) and a simi-
lar tendency was observed for prx 2 (p=0.061). 
 
Cytoplasmic (p=0.25) or nuclear (p=0.55) nrf2 

did not associate with survival, neither did 
keap1 (p=0.83). Of prxs,cytoplasmic prx4 posi-
tivity was associated with a worse survival 
(p=0.025, log rank) (Figure 4). Cases with nitro-
tyrosine positivity had a worse survival 
(p=0.050), which was even stronger with 
8OHdG (p=0.011) (Figure 5 and 6). Also nuclear 
prx6 associated with a worse survival (p=0.03). 
In Cox multivariate analysis nitrotyrosine, 
8OHdG or prx4 did not have independent prog-
nostic value (data not shown).  
 
A significant difference was found in survival 
between low and high grade tumors (p<0.001) 
and between invasive and noninvasive ones 
(p<0.001), as expected. There were more 
keap1 negative cases in high grade tumors 
(p=0.043). Cytoplasmic prx 4 was more often 
positive in high grade tumors (p=0.044). Other 
factors did not show any significant associations 
with the grade of tumors. 
 
Tumors positive for prx2 and prx 3 had a longer 
disease free interval (p=0.004 and p<0.001, 
log rank, respectively). Also, the presence of 
cytoplasmic nrf2 positivity predicted a longer 
DFS. The presence of recurrences did not, how-
ever, associate with any of the peroxiredoxins 
(Figure 5). 
 
Studies with urinary and serum levels of 8OHdG 
 
The mean creatinine value of the patients was 
106 μmol/L (range 43-272 μmol/L). The mean 

Table 2. Percentage of expression of different prxs in bladder carcinoma 
  prx1 prx2 prx3 prx4 prx5 prx6 
Neg 
1-5 % 
5-25 % 
25-75 % 
>75 % 

36 
30 
19 
13 
2 

40 
28 
9 
12 
11 

17 
25 
25 
25 
8 

52 
25 
11 
9 
5 

39 
31 
14 
10 
6 

35 
21 
22 
10 
13 

 

Table 3. Association between peroxiredoxins and other markers 

  8OHdG Nitrotyrosine Cytoplasmic Trx Nuclear Trx Keap1 cytoplasmic nrf2 nuclear nrf2 

prx1 0.14 0.026* 0.244 0.251 0.053 0.429 0.659 
prx2 0.48 0.127 0.348 <0.001* 0.025* 0.097 0.449 
prx3 0.34 0.024* 0.113 0.531 0.050* 0.389 0.463 
prx4 0.07 0.001* 0.413 0.025* 0.363 0.498 0.671 
prx5 0.26 0.001* 0.573 0.001* 0.482 0.378 0.462 
prx6 0.12 <0.001* 0.307 0.042* 0.001* 0.273 0.306 
*=Significant association 

 

Figure 4. Survival of patients according to prx 4 posi-
tivity in tumors. Patients with prx 4 positive tumors 
had a significantly worse survival compared to those 
that did not (p=0.025). Upper line=prx 4 negative, 
lower line=prx 4 positive. Survival given in months. 
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serum 8OHdG value was 0.24 ng/ml (0.13-0.58 
ng/ml) and urinary 12.20 ng/ml (1.66-62.96 
ng/ml). The serum creatinine levels correlated 
with serum levels of 8OHdG (R=0.739, 
p<0.001) but not with urinary 8OHdG (R=-
0.075, p=0.52) nor did serum or urinary 8OHdG 
correlate with each other (R=0.257, p=0.13). 
Higher serum 8OHdG levels associated with 
high grade tumors (p=0.028). There was a trend 
for higher urinary 8OHdG values to associate 
with strong Prx4 (p=0.07) and prx 5 (p=0.099) 
expression. No other associations were found 
(data not shown). 
 
Discussion 
 
In this study we investigated the presence of 
oxidative damage in bladder tumors by using 
histological assessment to evaluate nitrotyro-
sine and 8OHdG in the material and also serum 
and urinary levels of 8OdG in a small set of 
samples. Additionally, the expression of nrf2 
and keap1 as sensors of oxidative damage and 
the presence of peroxiredoxin expression was 
evaluated in the tumors. We also assessed the 
expression of thioredoxin, an enzyme which is 
able to reduce peroxiredoxins back to a func-
tional state. 
 
14.9 % of cases showed nuclear 8OHdG positiv-

ity and 36.2 % nitrotyrosine positivity. Levels of 
8OHdG and nitrotyrosine have previously been 
studied in tissue sections of breast and ovarian 
tumors [5, 12, 13]. Expression of 8OHdG and 
nitrotyrosine could already be detected in be-
nign and borderline ovarian tumors and high 
levels of 8OHdG in ovarian tumors associated 
with aggressive behavior and poor survival [5, 
13]. Our results show a similar phenomenon, 
tumors with high nitrotyrosine and 8OHdG ex-
pression had a significantly worse survival in 
bladder tumors. The expression of 8OHdG and 
nitrotyrosine was, however, higher in ovarian 
carcinomas, showing an over 80 % expression 
with both markers [5].  Studies indicate that 
nitrotyrosine and 8OHdG reflecting nitric oxide 
and hydroxyl mediated carcinogenesis take part 
in the carcinogenesis of bladder cancer. This is 
no surprise given that smoking is one of the risk 
factors leading to bladder cancer [1]. In line 
with this also high serum levels of 8OHdG pre-
dicted a short survival in resected small cell 
lung carcinomas [14].  Also, smokers have 
higher expression of 8OHdG in urine than non-
smokers [15].  
 
We also analysed a small set of samples for 
serum and urinary expression of 8OHdG and 
associated its expression with survival. The se-
rum and urinary levels of 8OHdG did not associ-

Figure 5. Survival of patients according to nitrotyro-
sine positivity in tumors. Patients with nitrotyrosine 
positive tumors had a significantly worse survival 
compared to those that did not (p=0.050). Upper 
line=nitrotyrosine negative, lower line=nitrotyrosine 
positive. Survival given in months. 

Figure 6. Survival of patients according to 8OHdG 
positivity in tumors. Patients with 8OHdG positive 
tumors had a significantly worse survival compared 
to those that did not (p=0.011). Upper line=8OHdG 
negative, lower line=8OHdG positive. Survival given 
in months. 
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ate with those found in the tissues. Reasons for 
this may be different anatomical vascular condi-
tions in bladder tumors and a different urinary 
pooling in tumor cells between non- invasive 
and invasive tumors. In addition, it is likely that 
e.g. oxidative bursts of macrophages and neu-
trophils, oncological treatments and various 
inflammatory conditions may affect serum and 
urine 8-OHdG concentrations. Unfortunately we 
had only access to a small number of urinary 
and serum samples of the patients. The 
creatinine values of the patients, however, 
strongly correlated with serum 8-OHdG levels 
indicating that its excretion from the blood is 
associated with kidney function.  
 
Peroxiredoxins are antioxidative enzymes which 
are able to neutralize hydrogen peroxide and 
other organic peroxides in the tissues [8, 11]. 
They may also function as chaperons and thus 
may increase cell survival in cellular stress [8, 
11]. In cancer tissue the level of peroxiredoxins 
is usually upregulated [8]. Our results showed 
also a high expression of prxs  in bladder carci-
noma the highest levels being for prx3 and low-
est for prx4. Of all prxs studied, prx 4 was asso-
ciated with a worse survival and larger tumors. 
Prx4 is located in the endoplasmic reticulum 
and extracellular space of the cells [8]. It in-
duces NF-kB activation in cells and induces pro-
liferation in breast cancer cell lines [16, 17]. 
Overexpression of prx4 protects from TRAIL in-
duced apoptosis [18]. It is overexpressed in 
pancreatic and prostate cancer and has been 
suggested as a marker for prostate cancer [8].  
In previous studies bladder carcinoma cells 
have been shown to be sensitive to TRAIL in-
duced apoptosis and part of the prx4’s influ-
ence may be due to this effect [19]. This is em-
phasized by the role of TRAIL in sensitizing tu-
mor cells to BCG treatment [20]. Antisense 
treatment of prx4 expression might then be one 
additional way of treating patients with urothe-
lial cancer. 
 
Even though other peroxiredoxins are upregu-
lated in cancer they did not seem to influence 
survival in bladder carcinoma. Regardless of 
this, other peroxiredoxins surely influence tumor 
behavior by combating oxidative stress. This is 
demonstrated by the association of most per-
oxiredoxins with nitrotyrosine expression with 
the exception of prx2 (Table 3). Prx2 also ap-
peared to increase the disease free interval 
even though not affecting prognosis. Prx2 ex-

pression was observed in about half of the 
cases and its levels have previously been shown 
to be increased in breast and bladder cancer 
but reduced levels have been observed in the 
progression of bladder cancer and melanoma 
[8]. We did not analyse such sequencial data, 
but prx2 had a tendency to be more expressed 
in T2-T3 tumors suggesting its activation in 
more widespread bladder carcinomas. However, 
the influence on disease free interval remains 
obscure. 
 
Prx3 and prx 5 are exceptional among peroxire-
doxins in that they are located in mitochondria, 
where the oxidative stress is most abundant [8]. 
Prx3 was also the most frequently expressed 
peroxiredoxin in our material.  In breast cancer 
prx3 has been associated to a better prognosis 
perhaps because it also associates with recep-
tor positive tumors [21]. In our material prx3 
associated with an extended disease free inter-
val but not with prognosis. C-myc is known to 
regulate prx3 but its upregulation is not high 
enough in bladder cancer to account for the 
high expression state [22]. Prx 5 is also overex-
pressed in breast cancer and in mesothelioma 
but much is not known about prx5 in other tu-
mors except for ovarian tumors where prx5 was 
associated with higher stage [5,23]. 
 
Prx1 has rather extensively been studied in can-
cer. Prx1 knockdown mice have an increased 
risk of cancer and prx 1 levels are increased in 
several cancer types such as breast, lung, ovar-
ian, esophageal and pancreatic cancer [8, 12, 
21, 23, 24]. In lung cancer, prx1 was an inde-
pendent prognostic factor [8]. Quan et al stud-
ied the mRNA expression of prx1 and 6 in a set 
of 149 tumor specimens [25]. They found both 
prxs to be elevated in tumor tissue but their 
expression was enhanced in tumors showing no 
recurrence or progression compared to those 
that did [25]. In our immunohistochemical 
analysis we did not find such an association 
with any of the prxs (data not shown). Nuclear 
prx6 was, however, associated with a poor prog-
nosis. This is in line with the emerging impor-
tance of peroxiredoxins also in nuclear redox 
signaling [26]. 
 
Thioredoxin reduces peroxiredoxins back to a 
functional state. Not surprisingly nuclear trx 
associated with prx 6 (p=0.001), prx 2 
(p<0.001), and prx 5 (p<0.001). Previously, 
high levels of thioredoxin in urinary bladder car-
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cinoma cell lines have induced resistance for 
chemotherapeutic agents such as cisplatin [27]. 
High expression of thioredoxin is not surprising 
given the role of tobacco smoking in the evolu-
tion of bladder carcinoma. In line with this trx 
was especially associated with 8OHdG expres-
sion. Thioredoxin is also able to influence the 
attachment of  transcriptional factors such as 
p53, NF-kB and AP-2 to DNA [28]. It also stimu-
lates HIF-1alpha and in this way induces angio-
genesis [29]. High expression of thioredoxin in 
bladder carcinoma, as has been detected also 
in other carcinomas, has multiple effects on cell 
proliferation, differentiation, angiogenesis and 
redox regulation [29]. Regardless of this we 
found no evident influence on patient survival. 
 
Oxidative and xenobiotic stress is sensed by 
nrf2, and such stress induces detachment of 
nrf2 from a complex with keap1 in the cyto-
plasm.Nrf2 is then moved to the nucleus where 
it attaches to antioxidant response elements in 
the promoter regions of antioxidative genes  
thus inducing expression of several antioxida-
tive genes [30]. In line with this, nuclear expres-
sion of nrf2 was significantly associated with 
nitrotyrosine positivity implicating that in tumors 
with higher oxidative stress nrf2 is shifted to 
nucleus and protective mechanisms agaist oxi-
dative stress are evoked. The proportion on tu-
mors expressing nuclear positivity was, how-
ever, low. This might suggest that nrf2 might be 
dysregulated in a proportion of bladder cancers. 
There was, however, no mutation in a set of 29 
urinary bladder samples studied by Kim et al 
[31]. Nrf2 cytoplasmic positivity was, however, 
observed in 87 % of cases and it associated 
with keap1 positivity suggesting a functional 
relationship between the two. Lack of nrf2 func-
tion however, appears to be relevant in N-
nitrosobutyl(4-hydroxybutyl)amine- induced 
bladder carcinogenesis in mice [32]. Nuclear 
nrf2 expression was, however, associated with 
nitrotyrosine. 
 
In conclusion, our results show that 8OHdG and 
nitrotyrosine are prognostic factors in urinary 
bladder carcinoma. All peroxiredoxins except 
prx2 associated with the expression of nitrotyro-
sine suggesting that peroxiredoxins are specifi-
cally elevated in nitric oxide mediated oxidative 
stress. Nuclear thioredoxin associated with 
prx2, 4, 5 and 6. Prx 4 was associated with a 
poor survival, a fact which might be related to 
its protection of bladder tumor cells from TRAIL-
induced apoptosis.    
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