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Introduction We evaluated and compared the serum oxidative stress and antioxidant enzymes in pa-
tients with renal cell carcinoma (RCC) and the control group. 
Material and methods The prospective study consisted of 97 patients with RCC (Group 1) and 80 age 
and sex matched healthy volunteers (Group 2). Group 1 and 2 were compared concerning serum mean 
total oxidant status (TOS), total antioxidant capacity (TAC), paraoxonase-1 (PON-1), arylesterase, total 
thiol, catalase (CAT), myeloperoxidase (MPO) and ceruloplasmin.
Results Patients’ mean age was 58.5 ±12.3 and 56.9 ±15.8 years, respectively, in Group 1 and 2. No statis-
tically significant differences were detected between the groups in terms of oxidative stress parameters 
and antioxidant capacity measured in the serum of patients including, TOS, TAC, PON1, arylesterase, total 
thiol, CAT, MPO, and ceruloplasmin levels (p >0.05 for all parameters). The PON-1 value was significantly 
higher in patients with pT1 stage than pT3 stage (p = 0.007). The arylesterase value was significantly 
higher in patients with Fuhrman’s nuclear grade 3 than grade 2 (p = 0.035). There was no correlation 
between these parameters level and Fuhrman’s nuclear grade, stage, or histopathological tumor type. 
Conclusions Our results demonstrated that evaluation of these parameters in the serum of patients with 
localized RCC may not be used as a marker to discriminate between patients with RCC and healthy people. 
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INTRODUCTION

Renal cell carcinoma (RCC) is the most common sol-
id lesion in the kidney and constitutes approximately 
90% of all kidney malignancies. It has various his-
topathological types and specific genetic character-
istics [1]. The exact etiology of RCC is still unclear; 
however, tobacco exposure, obesity, and hyperten-
sion seem to be the most accepted risk factors. More-
over, numerous other potential etiologic factors such 
as viruses, lead compounds, and various chemicals 
have been identified in animal models. 
Oxidative stress is defined as an imbalance between 
reactive oxygen species (ROS) and antioxidant capac-

ity. Oxidative stress has a crucial role in many patho-
logical conditions including oncogenesis. ROS can 
induce the carcinogenesis process and sustain tumor 
progression by damaging DNA [2]. It has been dem-
onstrated that important changes occurred in the bal-
ance between oxidative stress and antioxidant status 
at a cellular level during tumor growth process [3]. 
In literature there are several studies showing 
both elevated ROS levels and elevated antioxidant 
enzyme levels in patients with RCC [4–10]. The 
oxidative stress issue in RCC is still controversial.  
In this study, we aimed to evaluate the serum to-
tal oxidant status (TOS), total antioxidant capac-
ity (TAC), and paraoxonase-1 (PON1) levels in pa-
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tients with RCC and compare these enzyme levels 
with control groups. We also compared arylesterase, 
thiols, catalase (CAT), myeloperoxidase (MPO) and 
ceruloplasmin levels between these two groups.  
To the best of our knowledge, our study would be the 
first that investigates serum TOS, TAC, PON-1 and 
arylesterase levels in patients with RCC.

MATERIAL AND METHODS

We designed a multi-center prospective study. Blood 
samples were obtained from two institutions. A to-
tal of 97 patients with RCC (Group 1) were included 
in this study between May 2010 and August 2013. 
Eighty healthy volunteers’ age and sex were matched 
and selected as the control group (Group 2). The lo-
cal Institutional Review Board approved the study 
protocol. Written informed consent was obtained 
from all participants.
All patients were evaluated clinically and underwent 
relevant hematological, biochemical and radiological 
investigations. Smoking and antioxidant or vitamin 
supplements were stopped at least 4 weeks before 
the study. Kidney lesions were removed either with 
radical nephrectomy or a nephron sparing surgery. 
Tumors were graded according to the Fuhrman’s nu-
clear grading system [11]. Renal cancer was staged 
according to the American Joint Committee on Can-
cer TNM system [12].

Blood samples 

Blood samples were obtained following an overnight 
fasting state. Samples were withdrawn from a cubital 
vein into blood tubes and immediately stored in ice  
at 4 °C. The serums were then separated from the cells 
by centrifugation at 3000 rpm for 10 min and were 
directly frozen and stored at -80°C until analysis.

Measurement of total oxidant status (TOS) 

Serum TOS levels were determined using a novel 
automated measurement method, developed by Erel 
[13]. In this method, oxidants present in the sample 
oxidise the ferrous ion–o-dianisidine complex to fer-
ric ion. The oxidation reaction is enhanced by glyc-
erol molecules, which are abundantly present in the 
reaction medium. The ferric ion makes a coloured 
complex with xylenol orange in an acidic medium. 
The colour intensity, which can be measured spec-
trophotometrically, is related to the total amount  
of oxidant molecules present in the sample. The as-
say is calibrated with hydrogen peroxide, and the re-
sults are expressed in terms of micromolar hydrogen 
peroxide equivalent per litre (μmol H2O2 equiv. l-1).

Measurement of total antioxidant capacity (TAC) 

Serum TAC levels were determined using a novel 
automated measurement method, developed by Erel 
[14]. In this method, hydroxyl radical, which is the 
most potent radical, is produced via Fenton reaction. 
In the classical Fenton reaction, the hydroxyl radi-
cal is produced by mixing of ferrous ion solution and 
hydrogen peroxide solution. In the most recently de-
veloped assay by Erel, the same reaction is used [15]. 
In the assay, ferrous ion solution, which is present  
in Reagent 1, is mixed with hydrogen peroxide, 
which is present in Reagent 2. The sequential-pro-
duced radicals, such as brown-coloured dianisidinyl 
radical cation produced by the hydroxyl radical, are 
also potent radicals. In this assay, the antioxidative 
effect of the sample against the potent free radical 
reactions, which is initiated by the produced hydrox-
yl radical, is measured. The assay got excellent pre-
cision values, which are lower than 3%. The results 
are expressed in mmol Trolox equiv. l-1.

Measurement of paraoxonase-1 (PON-1) activities 

PON1 activity was determined using paraoxon  
as a substrate and measured by increases in the ab-
sorbance at 412 nm due to the formation of 4-nitro-
phenol, as already described [15]. The activity was 
measured at 25°C by adding 50 μl of serum to 1 ml  
Tris-HCl buffer (100 mM at PH 8.0) containing  
2 mM CaCl2 and 5.5 mM of paraoxon. The rate  
of generation of 4-nitrophenol was determined  
at 412 nm. Enzymatic activity was calculated by us-
ing the molar extinction coefficient 17100 M-1 cm-1. 

Measurement of arylesterase activities 

Arylesterase activity was measured using phenylac-
etate as a substrate. Serum was diluted 400 times 
in 100 mM Tris-HCl buffer, pH = 8.0. The reaction 
mixture contained 2.0 mM phenylacetate (Sigma 
Chemical Co) and 2.0 mM CaCl2 in 100 mM Tris-
HCl buffer, pH = 8.0. Initial rates of hydrolysis were 
determined by following the increase of phenol con-
centration at 270 nm at 37°C on a CE 7250 spectro-
photometer (Cecil Instruments Limited, UK) [16]. 
Enzyme activities were expressed in international 
units (U) or kilo units (kU) per 1 litre of sera.

Measurement of total thiol activities 

Serum total thiol concentration or sulfhydryl groups 
(SH) were measured by the methods originally de-
scribed by Elman and modified by Hu [17, 18]. Here, 
thiols interact with 5, 5’-dithiobis-(2-nitrobenzoic 
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acid) (DTNB), forming a highly colored anion with 
maximum peak at 412 ηm (e412 = 13,600 M-1 cm-1). 
Here, this method was adapted to an automated bio-
chemistry analyzer (Cobas C 501; Roche, Mannheim, 
Germany).

Measurement of catalase (CAT) activity

Catalase activity was measured using hydrogen perox-
ide (H2O2) as substrate. The disappearance of H2O2 
was followed at 240 nm, and enzyme activity was ex-
pressed in units per liter of serum (U/L) at 25°C [19].

Measurement of myeloperoxidase activity (MPO)

Serum MPO activity was determined by the meth-
od of Klebanoff and Clark and was based on kinetic 
measurement of the formation rate of the yellowish-
orange product of the oxidation of o-dianisidne with 
myeloperoxidase in the presence of hydrogen perox-
ide (H2O2) at 460 nm [20]. One unit of myeloperoxi-
dase was defined as that degrading 1 μmol of H2O2 
per minute at 25°C. A molar extinction coefficient  
of 1,3×104 M−1 cm−1 of oxidized 0-dianisidine was 
used for the calculation. Myeloperoxidase activity 
was expressed in units per liter of serum (U/L).

Measurement of ceruloplasmin activity

Serum ceruloplasmin level was measured using an 
automated measurement method defined by Scho-
sinsky et al. [21].

Lipid profile analysis

The levels of triglyceride, total cholesterol (TC), 
high-density lipoprotein (HDL) and low-density lipo-
protein (LDL) were determined using a colorimetric 
method (Cobas C 501) with an automatic analyzer 
(Roche, Mannheim, Germany). 

Statistical analysis

SPSS version 11.5 software (Chicago, Illinois, USA) 
was used for data analysis. Parameters were ex-
pressed as mean ± standard deviation. The Shapiro-
Wilk test was used for a normal distribution before 
analysis. For independent samples, a t test was used 
to compare Group 1 and Group 2. The Pearson cor-
relation test was used to evaluate the association be-
tween all parameters. P-values less than 0.05 were 
considered significant.

RESULTS

A total of 97 patients were enrolled in the study. 
There were 71 (73.2%) males and 26 (26.8%) fe-
males in the RCC group and the mean age was 58.5 
±12.3 years (range 32 to 83). The healthy control 
group had 62 (77.5%) males and 18 (22.5%) females 
with a mean age of 56.9 ±15.8 years (range 17 to 86)  
(p >0.05). 45 patients (46.4%) were active smokers. 
Tumors were located on the right side in 54 patients 
(55.7%). Tumors were removed via radical nephrec-
tomy and nephron sparing surgeries in 73 patients 
(75.3%) and 24 patients (24.7%), respectively. 
Table 1 shows pathological characteristics of the 
patients. Pathological examination revealed that  
71 patients (73.2%) had clear cell carcinoma and 
significant amount of patients had early staged tu-
mors. 55 patients (56.7%) were pT1and 29 patients 
(29.9%) were pT2. Surgical margins were negative  
in all specimens. 
Total oxidant status, total antioxidant capacity, and 
antioxidant enzymes are demonstrated in Table 2. 

Table 1. Summary of pathological results in patients with 
renal cell carcinoma

Figure 1. Oxidant and antioxidant parameters were similar  
in Group 1 and 2.

N (%)

Pathological type
Clear cell 
Multicystic type 
Papillary type 1
Papillary type 2
Chromophobe
Clear + Sarcomatoid
Clear + papillary

71 (73.2)
4 (4.1)
8 (8.2)
5 (5.2)
7 (7.2)
1 (1.0)
1 (1.0)

Pathological stage
pT1a
pT1b
pT2a
pT2b
pT3a

28 (28.9)
27 (27.8)
16 (16.5)
13 (13.4)
13 (13.4)

Fuhrman’s nuclear grade
Grade 1
Grade 2
Grade 3
Grade 4

8 (8.2)
54 (55.7)
27 (27.8)

8 (8.2)
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Oxidative status and antioxidants can be measured 
either in the blood samples or tissue samples [5]. 
Markers studied in tissue samples represent the 
alterations in the tumor itself and adjacent tis-
sues, but markers studied in blood samples reflect  
the systemic processes associated with the cancer. 
The advantages of studying markers in the blood 
samples include giving information about the sta-
tus of oxidative stress before surgery, independency  
of the additional oxidative stress of the surgery itself, 
simplicity of retrieving blood samples – venous blood 
samples are usually more than enough-, and repro-
ducibility. In the vast majority of previously pub-
lished studies, tissue samples retrieved from kidney 
tumors were preferred over blood samples [4–11]. 
We preferred to study the blood samples due to their 
simplicity to attain, preservation, and their poten-
tial in evaluating the status of the systemic oxidative 
stress before surgery.
Ganesamoni et al. reported an increase in oxidative 
stress parameters in patients with RCC compared 
to normal controls [4]. They reported a significantly 
higher superoxide dismutase (SOD) level and lower 
catalase level in tumor tissue when compared to nor-
mal kidney tissue. They reported no association with 
SOD level and tumor grade, stage and tumor histo-
pathology [4]. However, lipid peroxidation was sig-
nificantly higher in RCC tissue than in normal renal 
tissue. Moreover, higher nuclear grade of RCC was 
associated with increased lipid peroxidation in tumor 
tissue [4]. They reported a lower serum glutathione 
in association with higher grade RCC and metastatic 
disease; furthermore, systemic ROS and nitric oxide 
levels did not decrease significantly following surgery 
in patients with metastatic disease [4]. 
We haven’t found any difference in the levels of sys-
temic oxidative stress indices and antioxidant indi-
ces between the patients with RCC and the control 
group. However, the level of PON-1 was significantly 
lower in pathologic stage T3 patients than pathologic 
stage T1 (p = 0.007). The arylesterase enzyme was 
significantly higher in patients with higher nuclear 
grade (p = 0.035). Other than the above mentioned 
differences between the study and control group, 
there were no associations with oxidant and anti-
oxidant indices, and nuclear grade, stage, or tumor 
histopathology. We studied the levels of oxidative and 
anti-oxidative indices in venous blood samples; how-
ever, 84 out of 97 (86.6%) patients with pT1-2 disease 
were without any evidence of local lymph node dis-
semination or systemic metastasis. In our opinion,  
in patients with localized low stage disease, blood 
levels of oxidative and anti-oxidative stress indices 
do not dramatically rise due to low tumor bulk and 
less neoplastic metabolic events. Levels of indices  

TAC – total antioxidant capacity; TOS – total oxidant status; PON-1, paraoxonase-1;  
CAT – catalase; MPO – myeloperoxidase; ESR – erythrocyte sedimentation rate; *P <0.05

There were no statistically significant differences 
between the RCC group and control group in terms 
of TOS, TAC, PON-1, arylesterase, total thiol, CAT, 
MPO, and ceruloplasmin levels (Figure 1). When 
antioxidants levels were matched to the pathologi-
cal stage, the only statistically significant differences 
were found in PON-1 levels in pT1 and pT3 tumors. 
PON-1 level was 163.7 ±117.9 U l-1 in pT1 and 101.7 
±54.3 U l-1 in pT3 (p = 0.007). Fuhrman’s nuclear 
grade 2 and 3 were the most common types in our 
patients (Table 1). Arylesterase levels were higher  
in Fuhrman’s nuclear grade 3 patients (Grade 2: 
162.2 ±60.2 U l-1, Grade 3: 203.1 ±87.1 U l-1, p = 0.035). 
No correlations were found between total oxi-
dant status, total antioxidant capacity, or antioxi-
dant enzymes level and Fuhrman’s nuclear grade, 
tumor stage, or tumors’ histopathological type.  
A positive significant correlation was found between 
Fuhrman’s nuclear grade and smoking (r = 0.029,  
p = 0.003). Also, there was a negative significant cor-
relation between ceruloplasmin levels and smoking 
(r = -0.275, p = 0.006). Both groups were similar 
in terms of routine biochemical parameters and lipid 
profile. 

DISCUSSION

The etiology of renal cell carcinoma is not clear; 
however, oxidative stress is considered to be a factor  
in the development of RCC, as well as other cancers 
[3, 4]. Oxidative stress can induce growth factors and 
hypoxia inducible factor (HIF), and thereby acceler-
ate tumor growth. 

Table 2. Comparison of oxidative and antioxidative status 
parameters of Group 1 and Group 2

Parameters

Group 1
Mean ± standart 

deviation 
(n = 97)

Group 2
Mean ± standart 

deviation 
(n = 80)

p-value*

TAC (mmol Trolox 
equivalent l-1) 2.11 ± 0.24 2.09 ±0.25 0.691

TOS (µm) 6.21 ±7.83 6.97 ±5.21 0.461

PON-1 (U l-1) 153.85 ±110.93 167.10 ±118.84 0.445

Arylesterase (U l-1) 178.42 ±71.19 192.37 ±79.78 0.221

Ceruloplasmin 
(mg dl-1) 18.93 ±6.23 17.40 ±5.19 0.082

CAT (IU mg-1) 353.34 ±165.51 365.50 ±225.04 0.680

Total thiol (mm) 184.33 ±53.45 182.52 ±45.20 0.810

MPO (pmol l-1) 34.05 ±54.25 44.63 ±53.62 0.196

ESR (mm hr-1) 37.05 ±35.11 26.43 ±25.55 0.025
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Catalase is primarily located in peroxisomes, whereas 
glutathione peroxidase can be found within all sub-
cellular compartments [24]. Frederiks et al. reported 
that five out of 8 human RCC specimens had high 
glucose-6-phosphate dehydrogenase (G6PD) activity, 
even though G6PD activity was neither associated 
with tumor histopathology nor nuclear grade, size  
of the tumor, or metastases [6]. They also demon-
strated the peroxisomes in the normal epithelial 
layer of the proximal tubules by electron micros-
copy. In contrast, peroxisomes could not be detected  
in cancer cells irrespective of tumor histopathology 
or G6PDH activity [6].
Despite that we have not found any difference in oxi-
dant and antioxidant levels between RCC and nor-
mal control group, this subject is controversial ac-
cording to literature. A majority of the publications 
referring this subject are predominantly done using 
the tumor tissue retrieved from the nephrectomy 
specimens. New studies need to focus on cellular bi-
ology of oxidation, anti-oxidant defense mechanisms 
against oxidative stress, and genetic details of this 
complex phenomenon. The future perspective of this 
subject will lead to new developments on diagnosis, 
treatment, and follow-up of RCC. 

CONCLUSIONS 

Serum oxidative stress indices and anti-oxidant lev-
els/activity are not associated with RCC, however  
a vast majority of the patients were with localized 
low stage disease, which might be a confounding  
effect and considered to be a reason of type 2 errors 
with sampling error. Levels of paraoxonase-1 were 
significantly lower in advanced stage disease than 
lower stages. There were no correlations between 
oxidant and anti-oxidant level, and nuclear grade, 
stage. or tumor histopathology, but there were corre-
lations between high arylesterase levels and higher 
nuclear grade.
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in tissue samples of RCC might be more relevant than 
blood samples. Accordingly, we decided to study tissue 
samples as well in future participations of the study.
Glutathione peroxidase and catalase activities have 
been reported significantly decreased in RCC [10], al-
though we did not find a significant association with 
RCC and anti-oxidant levels in our series. Likewise, 
advanced stages are not associated with a significant 
change in antioxidant enzyme activities as of our se-
ries [10]. Another study comparing the levels of CAT, 
SOD, glucose 6-phosphate dehydrogenase (G6PD), 
and glutathione peroxidase were not different  
in RCC tissues and normal renal cortex tissues [9]. 
We similarly have found no difference of antioxidant 
levels in blood samples between patients with RCC 
and the control group.
Total level of thiol was similar in RCC and control 
groups. In a previously published study, it has been 
demonstrated that normal kidney tubular cells can 
be stained, but with a variable intensity for anti-
oxidant enzymes such as peroxiredoxins and thiol-
containing proteins [7]. The presence of peroxire-
doxin-2 was associated with better prognosis and 
nitrotyrosine was associated with higher nuclear 
grade [7]. Similarly, Soini et al. reported increased 
nitrotyrosine staining in higher grades of RCC, but 
no association with apoptosis and antioxidant en-
zymes in RCC [8]. Oberley et al. reported increased 
products of lipid peroxidation in clear cell variant  
of RCC, although there was not much of an increase 
in other types of kidney cancers, such as papillary 
renal cell carcinoma, Wilms’ tumor, and transitional 
cell carcinoma of the renal pelvis [22]. Okamoto et al. 
compared the DNA oxidation levels, measuring the 
8-hydroxy-2’-deoxyguanosine utilizing biochemical 
techniques in RCC and normal kidney tissues show-
ing higher levels of DNA oxidation than normal kid-
ney tissues [23].
Antioxidant enzymes are found in a variety of local-
izations and diverse types of cells [24]. Manganese 
superoxide dismutase (MnSOD) is located in the mi-
tochondria, whereas CuZnSOD is located in the cyto-
plasm, within the lysosomes, and also in the nucleus. 
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