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Introduction

 Bladder cancer is a common tumor of the urinary tract 
(Macvicar et al., 2000). It is the fourth most common type 
of cancer in men in United States. The most common 
risk factors for bladder cancer are exposure to industrial 
carcinogens, cigarette smoking, male gender and possibly 
diet (Wynder et al., 1977; Zeegers et al., 2004). Another 
major etiological factor is infestation by the parasite 
Schistosoma haematobium (Wynder et al., 1977). 
 Bladder cancer is the most common urological cancer 
and is the sixth most common cancer in the United States. 
An estimated 46,400 new cases will develop and 10,400 
deaths will occur in Americans in 1988 (Silverberg et al., 
1988). A number of environmental risk factors for bladder 
cancer have been identified. These include cigarette 
smoking, radiation, schistosomal infections, and certain 
aromatic amines and amides (Morrison et al., 1982). The 
roles of saccharin (Hoover et al., 1980) and coffee (Cole 
et al., 1987) in human bladder cancer are uncertain at best. 
Foods are known to contain possible cancer preventive 
factors (Ames et al., 1987). Most studies of the preventive 
factors for bladder cancer have focused on retinol (vitamin 
A) and related compounds such as beta-Carotene (alfa- 
provitamin A compound) and synthetic retinoids (Moon et 
al., 1986). Alfa-tocopherol (vitamin E) and selenium are 
nutrients that act as antioxidants and have been found to 
have protective associations with other cancers (Kathy et 
al., 1989).
 Trace elements are essential components of biological 
structures, but at the same time they can be toxic at 
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Abstract

 Trace elements are essential components of biological structures, but they can be toxic at concentrations 
beyond those necessary for their biological functions. In the present study, groups of 35 patients with bladder 
cancer and 34 healthy volunteer controls were measured for trace elements using a furnace atomic absorption 
spectrophotometer. Serum levels of Cd, Ni and Co were increased (p<0.05) and Mn and Zn were decreased 
(p<0.05) in patients with bladder cancer. In the present study, a relationship was seen between the level of trace 
elements and the occurrence of bladder cancer, suggesting that an increase in the serum level of Cd, Ni, Co and a 
decrease in the levels of Zn and Mn might be important causes of bladder cancer occurrence; however, defining 
such a cause-and-effect relationship needs several prospective studies to be done, which seems necessary with 
regard to the high prevalence of this cancer. 
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concentrations beyond those necessary for their biological 
functions. In addition, the toxicity can be extended to 
other non-essential elements of very similar atomic 
characteristics that can mimic the reactivity of a trace 
element. To deal with this essentiality/toxicity duality, 
biological systems have developed the ability to recognize 
a metal, and deliver it to the target without allowing the 
metal to participate in toxic reactions (Gecit et al., 2011; 
Sayır et al., 2011). Proteins are primarily responsible 
for such recognition and transport, and most of the 
associations of trace element with other biomolecules lead 
to undesirable chemical modifications of these molecules.
Oxidative processes occur most intensively in the 
background of an imbalance of trace elements incorporated 
into the structure of enzymes responsible for antioxidant 
protection (Hoekstra et al., 1974). Both an increase and a 
decrease of trace element ion content can affect the activity 
of the antioxidant enzymes (Yelinova et al., 1996). Some 
of these trace elements include: iron (Fe), copper (Cu), 
and zinc (Zn). Statistically significant differences from the 
normal distribution of Fe, Cu, and Zn have been reported 
to occur in patients with various forms of cancers (Spartz 
et al., 1992). In some studies, the Cu/Zn ratio in serum 
samples has been utilized as chemoprophylaxis (Li et 
al., 2004) and also as a way of evaluation and prognosis 
assessment in cancer patients (Kumar et al., 2003; Mazdak 
et al., 2010). 
 To our knowledge, changes in the serum level of 
Fe, Cu, and Pb in bladder cancer patients has never 
been determined. Therefore, in the present study, the 
concentrations of Mn, Cd, Ni, Co and Zn were changed in 
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the serum of patients with bladder cancer in comparison 
to the healthy subjects.

Materials and Methods

Subjects
 Thirty-five (mean age of 64.24 ± 2.4) men patients with 
bladder cancer were enrolled in the present cross-sectional 
study. All the patients were lifetime none-smokers and free 
of drug, alcohol, antioxidant supplement consumption 
and any metabolic disease. None of the patients had any 
other significant disease or malignancies except bladder 
cancer and only the newly diagnosed patients with no prior 
chemotherapeutic treatment were included in this study. 
Controls consisted of 34 healthy (men of age 62.8 ± 4.6) 
randomly selected from a group of healthy non-smoker 
volunteers with no history of previous disease, drug or 
alcohol consumption. We took meticulous caution against 
the possibility of any previous consumption of antioxidant 
agents by these volunteers, for this could have interfered 
with the study. 
 The patient and control groups were of similar 
socioeconomic status. As for tumor staging, 28 patients 
were diagnosed with non-invasive tumor (Ta–T1) where 
as 7 patients with invasive tumor (T2–T4). Patients were 
classified into three groups with respect to tumor grading 
where 21 patients had well differentiated (G1), 9 had 
intermediate (G2), and 5 had poorly differentiated (G3) 
tumors. The superficial urothelial papillary tumors were 
graded according to the 2004 World Heath Organization 
(WHO) grading system into low grade and high grade 
papillary neoplasms
 The study protocol was carried out in accordance 
with the Helsinki Declaration as revised in 1989. All 
participants were informed about the study protocol and 
the written consent was obtained from each one. 

Blood collection
 Following 12 h of fasting period, blood samples were 
obtained in the morning, collected into empty tubes and 
immediately stored on ice at 4°C. The serum was then 
separated from the cells by centrifugation at 3000 rpm for 
10 min. Serum samples for measurement of trace element 
levels were stored at −20°C until they were used. 

Measurements of Mineral-Heavy Metal Levels
 Exactly 2.0 mL of the mixture of HNO3/H2O2 (2:1) 

was added to 0.7 g of the serum samples. The mixture was 
placed into the water bath at 70˚C for 30 min and stirred 
occasionally. Then, 1.0 mL of the same acid mixture was 
added, and the mixture was transferred into a Teflon vessel 
bomb for the microwave oven. The bomb was closed, 
and the solution was placed inside the microwave oven. 
Radiation was applied for 3 min at 450 W. After addition 
of 0.5 mL of the same acid mixture, radiation was repeated 
for 3 min. After cooling for 5 min, 2.0 mL of 0.1 mol/L 
HNO3 was added, and the solution was transferred into 
a Pyrex tube. After centrifugation, the clear solution 
was used for the determination of Mn, Cd, Cu, Pb, Fe 
Ni, Co and Zn (11, 12). They were measured by Atomic 
Absorption Spectrophotometer measurements using a 
UNICAM-929 spectrophotometer (Unicam Ltd, York 
Street, Cambridge, UK). 

Statistical Analyisis
 Descriptive statistics for the studied traits were 
expressed as median, mean, standard deviation, minimum 
and maximum values. Mann-Whitney U test was used 
for comparison of groups.  In the study, 5 % level was 
considered to statistically significant differences between 
groups and SPSS Statistical package program (Ver.13) was 
used for the all statistical computations.

Results 

 The demographic and clinical data of bladder cancer 
and control groups are shown in Table 1. There were no 
statistically significant differences between bladder cancer 
patients and controls in respect to age and BMI (all p > 
0.05) (Table 1).   
 In addition, the trace element levels in two groups were 
analyzed. Cu, Pb and Fe were measured 0.70± 0.15; 0.03± 
0.20 and 1.19± 0.54 in group control to 0.71± 0.19; 0.13± 
0.16 and 1.09± 0.40 in group bladder cancer, respectively 
no significant. The Cd, Ni and Co element levels were 
significantly higher in bladder cancer group (P < 0.005). 
Nevertheless, Cd, Ni and Co elements, with the values 
of 0.023± 0.015, 0.2746± 0.1213 and 0.0223± 0.0207 
in group control, and 0.0322± 0.0089, 0.5552± 0.087 
and 0.0455± 0.026 in group bladder cancer, respectively, 
had significantly lower values in group bladder cancer 
(P < 0.005). Furthermore, Mn and Zn levels were found 
0.0750± 0.049 and 0.956± 0,39 in group control to   
0.0475± 0.016, and 0.6157± 0.3263 0.24 in group bladder 

Table 1. Some Mineral Concentrations in the Bladder Cancer and Control Patient Groups (n = 34/35)
Elements                                               Control                                                                    Patients 
           Median        Mean        S. Dev.  Min.  Max.  Median    Mean    S. Dev.      Min.    Max.     p

Mn 0.0539 0.0750 0.0492 0.0380 0.1771 0.0481 0.0475* 0.0158 0.0226 0.0858 0.027
Cd 0.0330 0.0229 0.0153 0.0032 0.0374 0.0349 0.0322* 0.0089 0.0040 0.0407 0.049
Cu 0.6100 0.6525 0.1555 0.4356 0.8558 0.6498 0.7089 0.1875 0.3449 1.0852 0.433
Pb 0.0319 0.0281 0.0248 0.0022 0.0721 0.0473 0.1322 0.2617 0.0000 0.8933 0.249
Fe 1.2254 1.1939 .5367 .5071 2.3843 1.1344 1.0911 0 .4041 .4092 1.7567 0.572
Ni 0.2333 0.2746 0.1213 0.1222 0.5319 0.5387 0.5552* 0.0870 0.4109 0.7112 0.001
Co 0.0088 0.0223 0.0207 0.0023 0.0479 0.0360 0.0455* 0.0257 0.0182 0.0978 0.025
Zn 0.7117 0.9566 0.3886 0.6111 1.6378 0.6691 0.6157* 0.3263 0.1436 1.6533 0.021

The results were expressed as mean ± standard deviation (SD). *denotes a significant difference (P < 0.05) between bladder cancer 
and control patient groups
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cancer, respectively. The amounts of these elements were 
decrease between two groups (P< 0.005).

Discussion

Trace elements are essential components of biological 
structures, but their roles in the development and 
inhibition of cancer is complex and have raised many 
questions because of their essential and toxic effects at 
concentrations beyond those necessary for their biological 
functions on human health. Literature on this subject 
demonstrates conflicting results (Piccinini et al., 1996; 
Zowczak et al., 2001). 

Our study demonstrated that concentrations Mn 
and Zn in the serum the patients with bladder cancer 
decreased compared to the control group. Mn is an 
essential element that is required for the activity of 
several enzymes. Mn is one of the essential trace elements 
that plays an important role in antioxidant defense and 
forms a part of SOD enzyme (Johnson et al., 2001). So, 
low serum concentration of Mn with the mechanism of 
antioxidant disturbance can sensitize the target organs to 
the carcinogens. The data of the present study showed 
that the Mn concentration in the serum of the patients 
with bladder cancer was lower than that of the control 
group. Our findings were in accordance with those of a 
study carried out by Mazdak et al, in 2009 (Mazdak et al., 
2010). According to our hypothesis, and Mn as the trace 
elements affecting the oxidation status can result in this 
oxidant/antioxidant imbalance in bladder cancer patients.

Zinc plays an anticarcinogenic role by stabilizing the 
structure of deoxyribonucleic acid (DNA), ribonucleic 
acid (RNA), and ribosome. Zinc is also essential to the 
function of several transcription factors and proteins  
that  recognize  certain  DNA sequences and regulate 
gene transcription. Zinc protects cells from free-radical 
injury (Wu et al., 2004). Lower serum Zn concentrations 
in patients with ovarian and cervical cancers have been 
reported (Cunzhi et al., 2003; Yaman et al., 2007). It seems 
that determination of zinc levels in ovarian cancer patients 
and comparison with a normal controls without ovarian 
pathology is necessary to fully elucidate the relationship 
between the Zn level and ovarian cancer. Additionally, 
normal or elevated concentration of zinc in blood serum 
identifiable only in cases of primary cancer of the liver 
(matched by a decrease in blood serum zinc level in the 
remaining cases) provides a differential diagnosis sign 
suggesting transformation of hepatocirrhosis into primary 
cancer of the liver (Karlinskiĭ et al., 1985). Our study 
demonstrated decrease Zn concentrations in the bladder 
cancer patients with control patients, the differences were 
statistically significant, which is in agreement with the 
findings of Mazdak et al. (Mazdak et al., 2010). They 
found that the serum Zn concentration was lower in the 
serum of the patients with bladder cancer compared to 
the control group.

 Our study also demonstrated that concentrations Cd, 
Ni, and Co in the serum the patients with bladder cancer 
increased compared to the control group. The elevated 
levels of carcinogenic elements may be associated with a 
number of physiological disorders in humans. It has been 

reported that Cd is a mutagen in mammalian (Snow et al., 
1997; Hayes et al., 2007) and enhanced concentration of 
Cd may result in prostate, renal and lung cancers (Drasch 
et al., 2005).  Moreover,  in the last decade, injection 
of cadmium metal  powder  and various  cadmium 
compounds has been  reported to  produce  sarcomas  
locally (WHO, 2010) and  interstitial  cell  testicular  
tumors  systemically (WHO, 2000)  in  experimental  
animals. Our findings were in accordance with those of 
a study carried out by Kellen et al. (Kellen et al., 2007). 
They found that serum Cd concentration was higher in 
the serum of the patients with bladder cancer compared 
to the control group. Our study suggests that individuals 
with increased exposure to cadmium have an increased 
risk of bladder cancer. Ni is another mutagen (Snow et 
al., 1992), which is also associated with lung and nasal 
cancer (Hayes et al., 2007). Among the other metal, Co 
have been linked to lung cancer (Schnorr et al., 1995). 

They have been tested for their anti-tumor activity 
in cell culture experiments, animal models and human 
clinical trials (Tandon et al., 2005). Co is a natural element 
found throughout the environment. Respiratory effects 
are also the major effects noted from chronic exposure to 
cobalt by inhalation, with respiratory irritation, wheezing, 
asthma, pneumonia, and fibrosis noted. Furthermore, 
cardiac effects, congestion of the liver, kidneys, and 
conjunctiva, and immunological effects have also been 
noted in chronically-exposed humans (Calabrese et al., 
1991). Animal studies have shown that Co accumulates 
in the myocardium and causes myocytolysis. Detrimental 
effects on sperm production and fertility have been 
observed in rats (Anderson et al., 1992). Higher serum 
Ni and Co concentrations in patients with prostate cancer 
have been reported (Ozmen et al., 2006).

This study also demonstrated that levels Cu, Pb and 
Fe in the serum of the patients with bladder cancer were 
not significantly different compared to the control group. 
However, in a study carried out by Mazdak et al, the 
analysis of serum Cu level demonstrates that in the bladder  
cancer  group,  the serum Cu  level  is significantly and 
remarkably higher than the control group (Mazdak et al., 
2010).

Cu is an essential nutrient that plays a role in the 
production of hemoglobin, myelin, collagen, and melanin 
(Sayır et al., 2011). Recent evidence also suggests that 
adequate intake of Cu is necessary for normal immune 
function (Gecit et al., 2011; Sayır et al., 2011). Cu 
deficiency affects various physiological functions that 
may be important in immunological defense to pathogenic 
challenge (Stabel et al., 1993). It was reported that serum 
levels of Cu, Fe and ceruloplasmin activity decreased in 
Cu-deficient animals (Andersen et al., 2007). 

Early life inorganic lead exposure induces testicular 
teratoma and renal and urinary bladder preneoplasia 
(Erik et al., 2010). Iron is an essential trace element that 
is crucial to normal cell functioning and its deficiency or 
excess is associated with several disease states (Dayani et 
al., 2004). In our study, the performed analysis indicates 
that patients having bladder were not significantly different 
compared to the control group. Our results are different 
from those obtained from most of the earlier studies that 



İlhan Gecit et al

Asian Pacific Journal of Cancer Prevention, Vol 12, 20113412

investigated iron in   other   types   of   cancer   such   as   
lung   cancer, hepatocellular   carcinoma,   and   colorectal   
cancer (Tsunehiro et al., 2003).  In these studies the serum 
iron level is higher than the normal group. Dayani et al. 
showed that the mechanisms  of  pathogenesis  could  
be  mediated  by direct  effect  of  iron  overload  on  the  
formation  of hydroxyl-free  radicals  from  hydrogen  
peroxide  and superoxide via the Fenton and Haber–Weiss 
reaction (Dayani et al., 2004). Moreover, Ilker et al. (Ilker 
et al., 2003) showed that serum iron levels in patients with 
invasive bladder cancer were found to be significantly 
lower when compared with non-invasive group.  Anemia  
as  a  result  of  chronic blood  loss  and  chronic  hematuria  
is  one  of  the mechanisms that may cause a lower iron 
level in the bladder cancer group (Olinski et al., 2003).

In conclusion, the presence of an association between 
bladder cancer and trace elements is observed in the 
present study. We also suggest that a increase Cd, Ni 
and Co levels may play an important role in bladder 
cancer induction. However, further prospective cohort 
studies concerning the causes of changes in Mn and Zn 
concentration in blood serum of patients with bladder 
cancer seems to be well ground. Further studies are 
required to clarify the association between the different 
stages of  bladder cancer and serum trace element levels.
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