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Oxidative Stress Has a Negative Effect on the 
Development and Progression of Bladder Cancer
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OBJECTIVE
In this study, we aimed to investigate the oxidant-antioxidant capacity in bladder cancer according to 
invasion and degree.

METHODS
Forty-six patients with bladder cancer and 50 healthy volunteers were included in the study. After 12 h 
of fasting, 4cc of blood venous blood was taken from these patients. Then, after centrifugation at 5000 
rpms for 10 min, the serum portion of the study was completed. The activities of arylesterase (ARE), 
paraoxanase-1 (PON-1), glutathione reductase (GR), glutathione-S transferase, and protein carbonyl 
(PC) in serum were measured spectrophotometrically.

RESULTS
Antioxidant parameters in the serum of patients with bladder tumors were found lower than control 
group (p=0.001). In addition, PC was found to be higher in the bladder cancer group than in the control 
group (p=0.001); on the other hand, ARE, PON-1, and GR levels were found to be lower in both high-
grade tumors and invasive tumors (p≤0.05).

CONCLUSION
Oxidative stress is effective in the development and progression of bladder tumors.
Keywords: Bladder cancer; oxidants-antioxidants; oxidative stress.
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Introduction

Bladder cancer, which is the third malignancy of the 
urinary system of frequency, is responsible for approx-
imately 5% of cancer-related deaths.[1] Factors such as 
smoking, chemicals, urinary system infection, bladder 
stones, radiation exposure, and western style diet are 
blamed in the etiology.[2]

Etiological factors such as smoking and chemical 
agents are known to cause cancer by causing an in-
crease in reactive oxygen radicals. Free oxygen rad-

icals cause deterioration of many cell components, 
especially protein, lipid, and nucleic acid. Increased 
free oxygen radicals are associated with cancer risk 
through lipid peroxidation and protein oxidation. In 
addition, free oxygen radicals and oxidative stress af-
fect nucleic acids and cause oncogenic mutations and 
tumoral growth.[3,4] However, there is a balance be-
tween oxidant and antioxidant structures. Disruption 
of this balance in favor of oxidant contributes to tu-
mor development. Antioxidants have an anti-tumoral 
effect because they prevent oxidation. Along with 
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had been fasting for 12 h, intravenous blood was 
drawn from all patients before the operation. The 
drawn blood was kept at +4°C with the help of ice 
cubes. Then, after centrifugation at 5000 rpms for 10 
min, the serum portion of the study was completed. 
The obtained serum samples were kept at -80°C to 
await for biochemical analysis.

PC
The Reznick and Packer method (1994) was used to de-
termine the plasma PC level. This method is based on 
the spectrophotometric measurement (Shimadzu UV-
1601 Japan) of the color formed by the proteins in the 
plasma with 2.4-dinitrophenylhydrazine.[8]

ARE and PON-1
PON-1 activity of 4-nitrophenol, which is formed as a 
result of enzymatic hydrolysis when paraoxon (O, O-
diethyl-O-p-nitrophenyl phosphate; Sigma Co, Lon-
don, UK.), is used as a substrate. ARE activity, on the 
other hand, was determined by measuring the colored 
product given by phenol, which is formed as a result 
of enzymatic hydrolysis of Phenyl Acetate (Sigma Co, 
UK), which is then used as a substrate in Techcomp 
8500 II UV/VIS spectrophotometer (Techcomp Ltd., 
China).[9]
• UNIT=1nmol 4-nitrophenol/L serum/min for 

PON-1 activity
• UNIT=1micromol phenol/ml serum/min for ARE 

activity.

GST and GR
The GST activity was determined using the Habig et 
al.[10] method. The GR level was measured as de-
scribed by Beutler.[11]

Statistical Analysis
Descriptive statistics for continuous variables; the 
mean was expressed as Standard Deviation, while Cat-
egorical Variables were expressed as numbers and per-
centages. In comparisons that were made in terms of 
continuous variables, Student t-test was used for those 
with normal distribution and Mann-Whitney U-test 
for those without normal distribution. Pearson cor-
relation coefficients were calculated separately for the 
groups in order to determine the relationship between 
continuous variables. The statistical significance level 
was taken as 5% in the calculations and the SPSS (Ver-
sion:21, IBM Corporation, Armonk, NY) statistical 
package program was used for the calculations.

many minerals and vitamins in the body, many en-
zymes have antioxidant properties.[4]

There are endogenous oxidant and antioxidant 
structures in the human body. Protein carbonyl (PC), 
an oxidant, is the end product of protein oxidation. 
It has been shown that this structure is increased in 
colon and breast cancer.[5] Paraoxanase-1 (PON-1) 
and arylesterase (ARE) are endogenous antioxidant 
enzymes. These usually act together and act by bind-
ing to the lipoprotein. The levels of these two enzymes 
have been shown to decrease in colon cancer.[6] Glu-
tathione reductase (GR) and glutathione S transferase 
(GST) are the most well-known antioxidants. These 
act on glutathione and inactivate oxidant structures. 
It has been shown that the decrease in the levels of 
these two enzymes is effective in the development of 
colorectal cancer.[7]

In this study, we aimed to measure PON-1, ARE, 
GST, GR enzyme activities, and PC, which is a protein 
oxidation product, which plays a role in antioxidant 
mechanisms in the body and in bladder cancer.

Materials and Methods

This prospective study was performed between April 
2021 and October 2021, after receiving govern-
mental ethics commission approval (Ethics Num-
ber: 31.03.2021-22). Transurethral resection tumor 
(TUR-T) was performed in 63 patients with suspected 
bladder tumors and not taking any active treatment. 
Thirteen patients were excluded from this study be-
cause their pathology results were benign or because 
of a pathology other than urothelial carcinoma, and 4 
patients were excluded because of additional systemic 
diseases. Forty-six patients whose histopathological re-
sults were defined as transitional cell carcinoma after 
TUR-T and hospital staff, 50 healthy patients were in-
cluded in the study. The control group was formed by 
matching the study group with the patients in terms of 
gender and age. Among the patients in both groups, 
those with active infection, additional systemic disease 
(diabetes mellitus, vasculitis, chronic kidney, liver dis-
ease, etc.), chronic alcohol and drug use were excluded 
from the study. In addition, patients with additional 
cancer in the study group and any cancer in the control 
group were excluded from the study.

Blood Collection
All patients in the control and study groups stopped 
all food and drink intake at 9 pm. At 9 am, after they 
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Results

For this study, there were 46 bladder cancer patients 
included in the study group, and 50 healthy individ-
uals in the control group. While the mean age of the 
patients in the study group was 62.80±10.74, it was 
62.42±10.55 in the control group (p=0.86). The study 
group had 8 (17.3%) female patients and 38 (82.6%) 
male patients, and the control group had 9 (17.4%) fe-
males and 41 (82.6%) males. While the body mass in-
dex of the patients in the study group was 28.5 ± 3.46, it 
was 28.96±3.64 in the control group (p=0.52). The tu-
mor grade of 30 patients (65.2%) was identified as low 
grade, while 16 (34.7%) patients’ tumors were identi-
fied as high grade. The tumor invasion rate of 35 (76%) 
patients was T0, while 11 (23.9%) patients had a tumor 
invasion rate of T1. While all biochemical parameters 
were significantly different in the patient group com-
pared to the healthy control group, when we evaluate 
the study group within itself, there were significant dif-
ferences in tumor grades and invasion rates in all pa-
rameters except GST and PC enzymes (Tables 1-3).

Discussion

In this study, it was shown that PC, which is one of the 
protein oxidation products, was significantly higher 
and antioxidant enzymes ARE, PON-1, GR, and GST 
were found to be low in patients with bladder cancer. 
In addition, this data show the importance of oxida-
tive stress factors in bladder cancer patients.

Free oxygen radicals that are formed as a result 
of oxidative stress cause the deterioration in lipid, 
protein, nucleic acids and carbohydrate structures in 
cells. In addition, reactive oxygen species first cause 
the peroxidation of unsaturated fatty acids found in 
the cell membrane structure. As a result of peroxida-
tion in the cell membrane structure, deterioration in 
the structure and functions of the cell begins to oc-
cur.[12] Malondialdehyde (MDA), which is released 
as a result of lipid peroxidation, is used as a marker of 
oxidative stress.[13] However, apart from fatty acids, 
proteins are also affected by free oxygen radicals. As 
a result of the effect of free radicals, separation in the 
peptide structures and deterioration in the structure 
of the protein occur.[14] Compared with MDA, PC, 
which is a protein oxidation product, has the advan-
tage that it is released earlier and that the PC level will 
remain stable for a long time, while lipid peroxidation 
products disappear within minutes.[15] In addition, 
PC can be stored for 3 months for analysis if kept at 

-80°C and is relatively easier to detect when compared 
to MDA.[15,16] Over the past decade, many studies 
have been published reporting increased PC levels in 
various diseases, and it has been shown to have a good 

Table 1 Comparison of biochemical parameters be-
tween bladder cancer and control groups

Oxidant and Patients Control group p 
antioxidants (n=46) (n=50)

ARE 3.2±0.05 7.03±0.07 0.001*
PON-I 1.06±0.03 2.28±0.03 0.001*
GR 0.23±0.02 0.50±0.03 0.001*
GST 2.05±0.02 4.14±0.02 0.001*
PC 5.04±0.02 2.25±0.05 0.001*

*Significant difference was found between the patients and healthy groups 
in ARE, PON-1, GR, GST, and PC levels. (Student t-test). ARE: Arylesterase; 
PON-1: Paraoxanase-1; GR: Glutathione reductase; GST: Glutathione-S 
transferase; PC: Protein carbonyl

Table 2 Comparison of biochemical parameters among 
patients with bladder tumors according to 
tumor grades

Oxidant and  Tumor grades  p
antioxidants
 Low grade  High grade 
 (n=30)  (n=16)

ARE 3.21±0.04  3.18±0.04 0.03*
PON-1 1.07±0.03  1.04±0.02 0.01*
GR 0.23±0.01  0.22±0.01 0.04*
GST 2.05±0.02  2.05±0.01 0.95
PC 5.04±0.02  5.04±0.02 0.68

*A significant difference was observed between low grade and high grade 
groups in terms of ARE, PON-1, and GR values (Mann-Whitney U test).
ARE: Arylesterase; PON-1: Paraoxanase-1; GR: Glutathione reductase; GST: 
Glutathione-S transferase; PC: Protein carbonyl

Table 3 Comparison of biochemical parameters among 
patients with bladder tumors according to 
tumor invasion level

Oxidant and  Invasion levels  p
antioxidants
 T0 (n=35)  T1 (n=11)

ARE 3.21±0.04  3.17±0.04 0.006
PON-1 1.06±0.03  1.04±0.02 0.02
GR 0.23±0.01  0.22±0.01 0.03
GST 2.05±0.02  2.05±0.01 0.78
PC 5.04±0.02  5.04±0.02 0.70

*A significant difference was observed between T0 and T1 groups in terms 
of ARE, PON-1, and GR values (Mann-Whitney U test). ARE: Arylesterase; 
PON-1: Paraoxanase-1; GR: Glutathione reductase; GST: Glutathione-S 
transferase; PC: Protein carbonyl
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oxidative stress parameters may be prognostic factors 
for bladder cancer and may also contribute to its diag-
nosis, and may also lead to the development of thera-
pies in cancer treatment. Therefore, we think that this 
study makes important contributions to the literature. 
The limiting factor of our study is that oxidant and 
antioxidant structures were not measured in patient 
urine and tissue samples.

Conclusion

We think that oxidative stress is effective in the devel-
opment as well as in the exacerbation of its degree and 
invasion, but that antioxidant mechanisms are protec-
tive. For this reason, we believe that antioxidants can 
be used in future treatment modalities. However, this 
study should be supported by additional, more volu-
minous studies.
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