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1. Introduction 

Bladder cancer (BC) is the fourth most common cancer in men and the eighth most common 
in women being the responsible for annual deaths of 150,000 and is the seventh most 
prevalent type of cancer worldwide (Parkin, et al., 2005; Jemal, et al., 2009; Altayli, et al., 
2009; Covolo, et al., 2008; Marmot, et al., 2007). In Ecuador the incidence rates of BC are 5.4% 
in males and 1.6% in females taking into account all cases of cancer diagnosed (Cueva & 
Yepez, 2009). In Argentina, it was reported as the fourth and the fourteenth most commonly 
diagnosed malignancy in men and women, respectively, with age-standardized incidence 
rate per 100,000 people around 15.1 (men) and 2.6 (women) in the period 1998 - 2002 (Pou, et 
al., 2011). The estimated downward trend in bladder cancer mortality over the last decades 
has been previously reported in countries of the European Union (Bosetti, et al., 2008) as 
well as South and North America (Bosetti, et al., 2005). 
Susceptibility to BC is considered to depend on interaction between genetic factors and 
environmental chemical carcinogens. Bladder cancer involves a heterogeneous cell 
population, and numerous factors are likely to be involved in tumorigenesis (Hirao, et al., 
2009). These factors result in uncontrolled growth of the cell population, decreased cell 
death, invasion and metastasis, and may influence the patient´s prognosis. Identification of 
the aggressive features of the cancer in patients with BC is very important for adequate 
management of this disease (Ha, et al., 2011). 
Many studies have investigated the effects of gene polymorphism on the risk of cancer in 
humans (Paz-y-Miño, at al., 2010; Wacholder, et al., 2004; Marchini, et al., 2004). Single 
nucleotide polymorphisms (SNPs) are the most common type of gene polymorphism. 
Several millions of SNP variants have been identified. The risk of cancer associated with this 
type of polymorphism probably is not high, and the proportion of malignant tumors 
associated with a distinct polymorphism depends on the frequency of occurrence of this 
variant in the human population (Zaridze, 2008). Genetic polymorphisms that alter the 
activity of enzymes of biotransformation pathways have been reported to be associated with 
cancer development and progression (Franekova, et al., 2008).  
In the other hand, molecular epidemiology of cancer studies, molecular markers of 
distribution of malignant tumors in the populations and their effects on individual are 
important to understand the risk of developing a disease. For an epidemiological study is 
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very important not only the source of the biological material, but also the individual 
information, that could be the factors influencing the risk of developing cancer. Among 
these can mention lifestyle factors as smoking, alcohol consumption, nutrition/diet, physical 
activity, environmental factors as occupation and exposure to carcinogens at workplace, 
familial and individual medical history, and many other variables (Zaridze, 2008). Many 
epidemiological studies have been conducted to investigate the putative association 
between polymorphic genes for biometabolism, environmental carcinogens, and the 
development of urinary tract cancer (Souto Grando, et al., 2009). 
The association between cigarette smoking and cancer of the urinary tract has been 
extensively investigated in epidemilogy (Zeegers, et al., 2000). Cigarette smoking is the main 
bladder cancer risk factor for both men (60%) and women (25%) (Paz-y-Miño, et al., 2010); 
approximately half of male urinary tract cancers and one third of female urinary tract 
cancers may be attributable to cigarette smoking (Hecht, 2003). Over 60 carcinogens have 
been identified in cigarette smoke. Among these are polycyclic aromatic hydrocarbons 
(PAHs) such as benzo[a]pyrene and aromatic amines, such as 2-naphtylamine and 4-
aminobiphenyl, the organic benzene derivatives found in cigarettes and the reactive oxygen 
species (ROS) such molecular oxygen, hydrogen peroxide, and hydroxyl radicals (Ichimura, 
et al., 2004) increase the risk of developing this neoplasm by 25% (Paz-y-Miño, et al., 2010; 
Hecht, 2003; Luch, 2005). Molecular markers can be detected in tissues and biological liquids 
and characterize individual exposure to carcinogens, biological effect of the exposure, 
genetic susceptibility to the development of disease, and final result of carcinogenesis, i.e. 
tumor (Zaridze, 2008).  
Many studies have indicated the relationship between different genetic polymorphisms and 

bladder cancer among the may appoint enzymes that perform a detoxifying function 

deactivate compounds and anions that are dangerous for the cell (Paz-y-Miño, et al., 2010). 

Cells are protected against metabolic ROS by several enzymatic and non-enzymatic defense 

systems, including superoxide dismutase (SOD), glutathione peroxidase (GPX) and reduced 

glutathione (Heistad, 2003). Three isoforms of SOD are present: Cu,Zn-SOD (SOD1 gene, 

cytosolic protein), Mn-SOD (SOD2 gene, mitochondrial protein) and EC-SOD (SOD3 gene, 

extracellular SOD) (Faraci & Didion, 2004). Manganese superoxide dismutase (MnSOD) has 

been the subject of particular interest as it is located in mitochondria and can be induced by 

several cytokines and by superoxide anion; it also appears to be involved in other processes, 

including tumor suppression and cellular differentiation (Charniot, et al., 2011). 

In regards to GPX1, this is a major intracellular enzyme that catalyzes the degradation of 

peroxides by oxidizing glutathione with the formation of its conjugates, thereby preventing 

cellular injury (Deng, et al., 2008; Trošt, et al., 2010). Mutation in gene GPX1, which locates 

at chromosome 3p21, is one of the major factors regulating GPX1 activity. And among these, 

a genetic polymorphism at codon 198, resulting in either a proline (Pro) or leucine (Leu) at 

the corresponding position of the encoded peptide, have drawn increasing attention in the 

etiology of several cancers (Raaschou-Nielsen, et al., 2007; Ezzikouri, et al., 2010). In 

humans, the selenium-dependent activation of GPX 198Leu mutant enzyme is lower than 

for the GPX 198Pro wild-type enzyme (Hu, et al., 2010). And associations between low level 

of GPX1 activity in the circulation and increased risk of cancer were found in several cancer 

types including breast cancer (Arsova-Sarafinovska, et al., 2009; Hansen, et al., 2009); it is 

presumed that GPX1 Pro198Leu (C[T) polymorphism affecting GPX1 activity may be 

important for cancer development (Hu, et al., 2010). 
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The glutathione S-transferases (GSTs) are conjugation enzymes, which detoxify reactive 
chemical species, for example polycyclic aromatic hydrocarbons. Moreover these enzymes 
belong to a group of dimeric isozymes with various catalytic activities, which 
predominantly conjugate with electrophiles of glutathione conjugation and exert other 
noncatalytic functions. This isozyme is expressed in many tissues, including urinary 
bladder, and frequently overexpressed in carcinomas. The respiratory, urinary, and 
digestive tract epithelia express high levels of GSTP1 activity (Altayli, et al., 2009; Kopps, et 
al., 2008; Fishbain, et al., 2004) 
There are five subclasses of the GST enzymes in humans: alpha, pi, mu, theta and zeta 
(Strange, et al., 2001). GSTM1, GSTT1, and GSTP1 are phase II enzymes (Rodriguez-Antona 
& Ingelman-Sundberg, 2006).  
Altered substrate affinity has been shown in a polymorphism at exon 5 of the GSTP1 gene. 
Some studies have reported higher susceptibility to cancer in individuals carrying the 
variant GSTP1 allele, although contradictory results have also been obtained (Srivastava, et., 
2005; Hu, et al., 1997). 
A prevalent genetic polymorphism of the GSTP1 gene was reported differing only in a 
single A to G transition at nucleotide position 1578 corresponding to codon 105, resulting in 
an amino acid change from isoleucine to valine (Zimniak, et al., 1994; Harries, et al., 1997). 
The polymorphic forms were designated GSTP1a (Ile105, wild type) and b (Val105, mutant). 
Homozygosity for GSTP1 (Ile105Val) was found to be associated with a considerably higher 
risk for bladder cancer in patients in the United Kingdom (Harries, et al., 1997). In contrast, 
another study on Chinese benzidine workers diagnosed with bladder cancer indicated that 
GSTP1 Ile/Val and Val/Val polymorphism was a factor in disease occurrence (Ma, et al., 
2003).  
Association between oxidative stress and DNA damage has been well known and many 
studies have focused on the association between DNA damage and the development of 
certain diseases (Paz-y-Miño, et al., 2010; Padma, et al., 2011). DNA repair enzymes 
continuously monitor chromosomes to correct damaged nucleotide residues generated by 
exposure to cytotoxic compounds or carcinogens (Wood, et al., 2001). Recently, it has been 
hypothesized in many studies that polymorphisms in DNA repair genes reduce their 
capacity to repair DNA damage and thereby lead to enhanced cancer or other age-related 
disease susceptibility (Liu, et al., 2007; Povey, et al., 2007).  
To date more than 100 DNA repair genes have been identified and their polymorphisms 

have been reported to be related with some diseases. Among them, polymorphisms of 

xeroderma pigmentosum complementation group D (XPD) and X-ray complementing 

group I (XRCC1) have been studied extensively (Clarkson & Wood, 2005; Paz-y-Miño, et al., 

2011).  

The human XRCC1 (X-ray repair cross-complementing group 1) gene is involved in single 
strand breaks and base excision repair (BER), it is located on chromosome 19q13.2, encodes 
for a 633 amino acids protein that plays an important role in BER and single-strand breaks 
repair (SSBR), following exposure to endogenous ROS or alkylating agents (Padma, et al., 
2011; Vidal, et al., 2003; Marsin, et al., 2003). The XRCC1 is a scaffold protein that interacts 
with other many components of BER as DNA polymerase β, APE1, hOGG1, poly-(ADP-
ribose) polymerase and DNA ligase III in the NH2-terminal, central, and COOH-terminal 
regions, respectively (Sterpone & Cozzi, 2010). In 1998 Shen et al., described three 
polymorphisms of XRCC1 gene, which resulted in non-conservative aminoacid changes at 
evolutionary conserved regions: C → T substitution in codon 194 of exon 6 (Arg to Trp);  
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G → A substitution in codon 280 of exon 9 (Arg to His) and G → A substitution in codon 399 
of exon 10 (Arg to Gln). All these single nucleotide polymorphisms (SNPs) could alter the 
XRCC1 function and impair DNA repair efficiency or accuracy (Shen, et al., 1998). 
Given the large number of polymorphic variants and due to the existence of substantial 
differences in bladder cancer incidence in different ethnic groups, it is very important 
determine the frequencies of polymorphisms of many genes in Ecuadorian population 
affected with bladder cancer. These analyses are of great interest since it allows determining 
the genetic constitution of the population. 

2. Materials and methods 

2.1 Biological samples and data collection  
A total of 97 formalin-fixed, paraffin-embedded (FFPE) bladder cancer samples were obtained 
from males and females individuals affected with bladder cancer. These samples were 
collected from the Department of Urology of Carlos Andrade Marín Hospital in Quito and the 
Department of Pathology of the Solón Espinoza Ayala Oncologic Hospital of Ecuador 
(SOLCA). One hundred twenty peripheral blood samples from male and female individuals 
with a medical history without malignancy served as control. In both cases, all the individuals 
signed informed consent after receiving information about the study. The study protocol and 
consent forms were approved by the University Institutional Bioethics Committee. 
The distribution of selected characteristics between cases and control groups is summarized 
in Table 1. As for gender, the group of healthy individuals consisted of 33% of women and 
67% of men, while de group of affected individuals consisted of 43% of women and 57% of 
men. In regard to histological subtype, transitional cell carcinoma accounted for 89%, of 
total cancer cases; 1% cases consisted of adenocarcinoma, 6% presented urothelial papillary 
carcinoma and 4% of affected individuals presented squamous cell carcinoma. 
 

Characteristic 
Cases 

Number 
Control 
Number 

Odds Ratio 

Gender 5.3, 95% CI 2.9-9.5, p<0.001 
Women 42 37

Men 55 83

Age 71 (>68) 41 (>66) 
0.6, 95% CI 0.334-1.020, 

p<0.05 
 26 (<68) 76 (<66)

Age (X + SD) 68 + 5.5 66 + 4.5

Smoking status   
23.95, 95% CI 1.28-4.07. 

p<0.05 
Smoker 72 67

Non-smoker 25 53
Histotype Male Female

Transitional cell carcinoma 47 (55%) 39 (45%)
Adenocarcinoma 1 (100%) 0 (0%)

Urothelial papillary carcinoma 4 (67%) 2 (33%)
Squamus cell carcinoma 3 (75%) 1 (25%)

X + SD medium + standard deviation 
CI confidence interval 

Table 1. Clinical-Pathological characteristic of bladder cancer and control individuals 
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Concerning cigarette consumption as a risk factor to develop bladder cancer, 74% and 56% 
of affected individuals and healthy individuals respectively used to smoke, whereas 26% of 
affected and 44% of controls never smoked. 

2.2 Genotyping 

The DNA of affected individuals was obtained using the Purelink Genomic DNA extraction 
kit (Invitrogen, Carlsbad, CA), while, DNA from peripheral venous blood samples was 
isolated by a “salting out” method (Sambrook, et al., 1989), stored in the nucleic acid data 
bank of the Biomedical Research Institute at the Universidad de las Américas. The mean 
concentration of the DNA samples was 80ng/mL measured in a Qubit® Fluorometer 
(Invitrogen, Carlsbad, CA). We proceeded to study single nucleotide polymorphisms (SNPs) 
in the GSTP1 (Ile105Val), GPX-1 (Pro198Leu), MnSOD (Ile58Thr) and XRCC1 (Arg399Gln) 
genes. Genotyping was performed through the polymerase chain reaction–restriction 
fragment length polymorphism technique (PCR-RFLP).  
For GPX-1, MnSOD, GSTP-1 and XRCC1 genes amplification, a PCR final volume of 50µl 

was prepared, containing 4µl of DNA template, 34µl H2O Milli-Q, 0,4µM of forward and 

reverse primers, (Table 2) 1.5mM MgCl 2,5µl 10 × buffer (200 mM Tris-HCl pH 8.4, 500 mM 

KCl), 0,2µm each deoxynucleotide triphosphate (dNTPs), and 2.5 U Taq DNA polymerase 

(Invitrogen). For a 191-bp fragment amplification and the analysis of the Pro198Leu 

polymorphism found in chromosome 3, we used the initial denaturation step lasted 10 min 

at 95oC, then 35 cycles of 30 s at 56oC, 30 s at 56oC, 45 s at 72oC and 3 min at 72oC were 

needed. Digestion of PCR product was carried out during 2h at 37oC with the ApaI 

(Promega, Madison, USA) restriction enzyme. The PCR-RFLP test revealed homozygous 

individuals (Pro/Pro), (Leu/Leu) or heterozygous (Pro/Leu) (Paz-y-Miño, et al., 2010; 

Ichimura, et al., 2004). For the amplification of the 145-bp fragment of the Ile58Thr found in 

chromosome 6, for the PCR reaction, samples were placed in a thermo cycler MJ Research 

PTC 200® (MJ-Research Inc., Watertown, MA) for the amplification. The initial denaturation 

step lasted 10 min at 95oC, followed by 35 cycles of 30 s at 95oC, 30 s at 55oC, 1 min at 72oC, 

and 10 min at 72oC. For the 177-bp fragment amplification and the analysis of the Ile105Val 

polymorphism found in chromosome 11, codon 105, exon 5, once the PCR reaction was 

obtained, the samples were placed in the MultiGene Thermal Cycler TC9600-G for 

amplification (Labnet, Edison, NJ, USA). The initial denaturation lasted 5 min at 95oC, 

followed by 35 cycles of 45 s at 94oC, 30 s at 62oC, 30 s at 72oC, and 1 min at 72oC. Digestion 

of the amplified fragment was performed during 2 h at 37oC with 5 U of the Alw26I 

 

Genes Primers 

GPX-1 Forward, 5′-AAGGTGTTCCTCCCTCGTAGGT-3′ 
 Reverse, 5′-CTACGCAGGTACAGCCGCCGCT-3′ 
MnSOD Forward, 5′-ACTTCAGTGCAGGCTGAACAGC-3′ 
 Reverse, 5′-CTGGTCCCATTATCTAATAGCTT-3′ 
GSTP-1 Forward, 5′-ACCCCAGGGCTCTATGGGAA-3′ 
 Reverse, 5′-TGAGGGCACAAGAAGCCCCT-3′ 
XRCC1 Forward, 5′-CCCCAAGTACAGCCAGGTC-3′ 
 Reverse, 5′-TGCCCCGCTCCTCTCAGTAG-3′ 

Table 2. Sequences of the PCR primers 
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(Promega, Madison, WI, USA) restriction enzyme. Electrophoresis analysis revealed 
homozygous individuals (Ile/Ile), (Val/Val) or heterozygous (Ile/Val) (Paz-y-Miño, et al., 
2011); whereas for a 242-bp fragment amplification and the analysis of the Arg399Gln 
polymorphism found in chromosome 19, codon 399, exon 10, the initial denaturation step 
lasted 5 min at 95oC, then 35 cycles of 45 s at 94oC, 1 min at 59oC, 30 s at 72oC and 3 min at 
72oC. Digestion of amplicon was performed during 2 hours at 37oC with the MspI (Promega) 
restriction enzyme. The analysis revealed homozygote individuals (Arg/Arg), (Gln/Gln) or 
heterozygote individuals (Arg/Gln) (Wong, et al., 2008).  
All the polymorphisms were genotyped using a PCR-RFLP assay. After amplification, PCR 
products were cleaved by 5U of the corresponding enzyme. After digestion, the fragments 
were separated by electrophoresis on a 3.0% agarose gel and visualized using ethidium 
bromide in a transilluminator under ultraviolet light. 

2.3 Statistical analysis 

All information obtained from the studied individuals was kept in a database and statistical 
analyses were performed using PASW Statistics 17 for Windows (SPSS, Chicago, IL). The 
allelic and genotypic frequencies of each single nucleotide polymorphism were calculated 
from the information provided by the genotypes; and the Hardy-Weinberg equilibrium was 
determined by using software available on the Internet 
(http://www.genes.org.uk/software/hardy-weinberg.shtml). Chi-square (Χ) analysis was 
performed to determine significant differences between the presence of Ile105Val, 
Pro198Leu, and Arg399Gln polymorphisms of the studied population. The risk of 
developing disease in the presence of the studied polymorphisms between affected and 
control groups was determined using the odds ratio test (OR). Data were analyzed using a 
2x2 contingency table. 
Table 3 shows the Hardy-Weinberg equilibrium and the genotypic and allelic frequency of 
the studied polymorphisms. For the GPX1 and MnSOD genes, the genotypic frequencies 
 

Gene Group Genotype 
Individual 

(%) 
Genotypic 
Frequency 

Allele 
Frequency 

 Affected Pro/Pro 28 (29%) 0.29 0.39 
 (n = 97) Pro/Leu 19 (19%) 0.19  
  Leu/Leu 50 (52%) 0.52 061 

GPX-1      
 Control Pro/Pro 73 (61%) 0.61 0.79 
 (n = 120) Pro/Leu 42 (35%) 0.35  
  Leu/Leu 5 (4%) 0.04 0.21 
      
 Affected Ile/Ile 43 (44%) 0.44 0.68 
 (n = 97) Ile/Thr 47 (49%) 0.48  
  Thr/Thr 7 (7%) 0.07 0.32 

MnSOD      
 Control Ile/Ile 75 (62%) 0.63 0.82 
 (n = 120) Ile/Thr 45 (38%) 0.37  
  Thr/Thr 0  (0%) 0.0 0.18 

Table 3. Genotype Distribution and Allele Frequency of the pro198leu and ile58thr 
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observed in both groups were in Hardy–Weinberg equilibrium (GPX1 cases, Χ = 0.36, 

p<0.05; controls, Χ = 0, p<0.05 and MnSOD; cases, Χ = 0.02; p<0.05; controls, Χ = 0.05; 

p<0.05), confirming that the study samples were obtained from a population in equilibrium. 

Regarding the GSTP1 Ile105Val polymorphism, we observed that the frequency of the Val 
allele in control individuals was 0.28 (Table 4). Concerning to the XRCC1 Arg399Gln 
polymorphism, we observed that the frequency of the Gln allele in control individuals was 
(0.98) (Table 4). The frequencies of both alleles for the individuals affected with bladder 
cancer are not shown but according to information reported in other studies could be 
correlated with the results obtained from the Ecuadorian population. 
 

Genes Genotype 
Genotypic 

frequency Control 
Allele frequency 

Control 

 Ile/Ile 0.54 0.72 
GSTP1 Ile105Val Ile/Val 0.36  

 Val/val 0.10 0.28 

    

XRCC1 Arg399Gln Arg/Arg 0.01 0.02 

 Arg/Gln 0.01  

 Gln/Gln 0.98 0.98 

Table 4. Genotypic distribution and allelic frequency of GSTP1 Ile105Val and XRCC1 
Arg399Gln polymorphisms 

3. Conclusion 

Bladder cancer is an important cause of death worldwide, there are many known risk factors 

for this cancer including age, male sex, smoking habit, and exposure to carcinogens (Pou, et 

al., 2011). The results obtained from the analysis of four genes using PCR-RFLP technique to 

determine the presence of the polymorphisms pro198leu in the GPX-1 gene, ile58thr in the 

MnSOD gene, Ile105Val in the GSTP1 gene and Arg399Gln in the XRCC1 gene in 

Ecuadorian individuals affected with bladder cancer, although small, support other 

evidence that genetic polymorphisms of the detoxification enzymes can modify bladder 

cancer risk. 

GSTP1 participates in the detoxification of polycyclic aromatic hydrocarbon in promoting 

the conjugation of carcinogenic electrophiles with glutathione, thus enhancing excretion in 

the urine. This gene has been reported to possess two variant alleles. A single base 

substitution at position 313 of exon 5, guanine for adenine, results in the presence of valine 

(Val), where originally isoleucine (Ile) was present (Cao,  et al., 2005). The prevalence rates 

of these isoforms are entirely dependent on which ethnic group is being considered 

(Shimada, 2006). Some have suggested that GSTP1 genes have an increased risk for tobacco-

related cancers, including bladder cancer (Souto Grando, et al., 2009). Regarding genetics, 

the GSTP1 gene encodes proteins that are believed to function in xenobiotic metabolism and 

play the role as regulator of apoptosis (Moyer, et al., 2008). We found an association 

between the polymorphism and bladder cancer (data not shown), these findings could be 

suggesting that the presence of the Val/Val variant could be associated with an increased 

risk of acquiring detoxification problems, whereas the combination of the Ile/Val and 
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Val/Val alleles could be associated with the risk of presenting a GSTP1 gene dysfunction. 

Those individuals presenting the GSTP1 Val/Val and GPX-1 Leu/Leu variables may have a 

higher risk of acquiring problems in the detoxification (Paz-y-Miño, et al., 2011; Cao, et al., 

2005). 

Altayli, et al., had reported that smokers with GSTP1 Val105Leu heterozygous genotype had 
a reduced risk of bladder cancer. Some other authors reported a statistically significant 
association between the Leu/Leu and Val/Leu genotypes and bladder cancer risk. There are 
other authors that reported no association between the Ile105Val polymorphism of the 
GSTP1 gene and laryngeal squamous cell cancer, gastric cancer, and colorectal cancer (Unal, 
et al., 2004; Cao, et al., 2005). 
The GSTP1 Ile105Val polymorphisms appear to be associated with a modest increase in the 
risk of bladder cancer. Some studies conducted in Asiatic population shows higher risk of 
developing bladder cancer when GSTP1 Ile/Val and Val/Val versus genotype Ile/Ile were 
compared, whereas the Chinese population did not have a significant influence on the 
unadjusted summary odds ratio for GSTP1 Ile/Val and Val/Val compared with GSTP1 
Ile/Ile (Ma, et al., 2003). In conclusion, the GSTP1 polymorphisms Ile/Val and Val/Val 
compared with Ile/Ile seem to be associated with a modest increase in the risk of bladder 
cancer (data not published).  
Our results indicate that the Ile105 allele was associated with an increased risk of bladder 

cancer. In previous articles, several types of carcinoma have been studied, in which there 

appeared to be an approximately threefold increase in risk between those with the GSTP1 

(Val/Val) allele and those with GSTP1 (Ile/Ile) variant for bladder carcinoma (Harries, et al., 

1997).  

Successful repair of damaged DNA relies on the coordinated action of many repair enzyme 

systems. Age dependent decline or imbalance of the activities of the DNA repair enzymes 

will result in the compromise of the overall capacity of repair for the damaged DNA 

molecules. Common polymorphisms in DNA repair enzymes have been hypothesized to 

result in reduced capability to repair DNA damage. XRCC1 is a DNA repair gene that is 

emerging as an essential element in the repair of both damaged bases and SSBs (Padma, et 

al., 2011). Additionally, XRCC1 is important in BER, the major repair pathway for nonbulky 

damaged bases, abasic sites, and DNA single-stranded breaks after treatment with ionizing 

radiation. Some reports in human populations suggested the 399Gln variant of XRCC1 was 

associated with greater DNA and chromosomal damage (Yoon, et al., 2011). 

It has been suggested that changes in the XRCC1 protein, mainly in amino acid 399, increase 

the susceptibility for tumor development via genomic instability (Meza-Espinoza, et al., 

2009). Nevertheless, another study did not find any effect of the Arg399Gln polymorphisms 

with regard to DNA damage (Pastorelli et al., 2002), even though it is not well known 

whether these polymorphisms produce a functional change in the protein. In any case, the 

risk of cancer depends on the involvement of several factors, and not only on the presence 

or combination of certain common genetic polymorphisms (Naccarati et al., 2007).  

Earlier investigators reported that reduced DNA repair capacity resulting from genetic 
polymorphism was associated with increased risk for various cancers (Mittal, et al., 2008). In 
our study the Arg allele was found mainly in the population affected with bladder cancer. In 
our study, the results obtained show that the XRCC1 Arg399Gln polymorphism, the 
frequency of the Gln allele was higher in affected individuals when compared to the control 
group (data not show). Among the polymorphisms of the XRCC1 gene the Arg399Gln 
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amino acid change alters the phenotype of XRCC1 protein and thereby result in deficient 
DNA repair. According to our data in case of codon 399 our study exhibited no risk for 
bladder cancer which was in accord with the Northern Italian population (Shen, et al., 2003). 
Kelsey et al., 2004 indicated a 40% reduction in risk for bladder cancer among patients with 
homozygous variant XRCC1 399 (AA) compared with those with wild-type allele carriers. 
However, Stern et al., 2001 observed contrasting results by showing low risk for AA 
genotype in bladder cancer patients (OR = 0.7), but with not significant p value. One of the 
most interesting findings was the obtained by Mittal, et al., 2008 in which XRCC1 codon 399 
where AA genotype exhibited 5.27 folds increased recurrence risk (HR=5.27, p=0.04).  
On the one hand, GPX1 is suggested to play an important role in moderating H2O2 under 
pathological conditions (Ardanaz, et al., 2010). Over-expression of GPX-1 is associated with 
a wide range of effects, including the prevention of apoptosis, the protection against toxicity 
and the reduction of DNA damage (Zhuo, et al., 2009). Given human epidemiological data 
indicating significant associations between polymorphisms in GPx-1 and the risk of several 
cancer types due to the important biological activities of the essential trace element selenium 
are mediated through the function of selenoenzymes (Ichimura, et al., 2004; Hu & Diamond, 
2003; Mak, et al., 2006; Choi, et al., 2007; Peters, et al., 2008). In this article we show the 
relationship between the presence of the Pro198Leu variant of the GPX-1 gene and its 
association with the risk of developing bladder cancer. 
Among the ninety-seven patients analyzed for the GPX1 gene, 28.87% harbored the P/P 
homozygous genotype, 19,58% were P/L heterozygous and 51.55% were L/L homozygous. 
Of the 120 controls analyzed for the GPX-1 gene, 60.83% were P/P homozygous, 35% were 
P/L heterozygous and 4.17% were L/L homozygous (Table 3). For the MnSOD gene in the 
affected population, 44.33% were I/I homozygous, 48.45% I/T heterozygous, and 7.22% T/T 
homozygous. For controls 62.5% I/I homozygous, 39.17% I/T heterozygous and 0% T/T 
homozygous. The allelic frequency of the (I/I) allele was 0.68 for the group of affected 
individuals and 0.32 for control group (Table 3). The frequencies of the GPX-1 and MnSOD 
null genotypes were, respectively 39 and 82% in the patients and 79 and 18% in the control 
group. 
When comparing control subjects and those affected with bladder cancer, we found that the 
presence of the Pro198Leu polymorphism has a relationship with the risk of developing 
bladder cancer (OR = 3.8; 95% CI 2.1-6.8; p<0.001), therefore the presence of the allelic 
variant (L/L) decreases the unique redox characteristics of the glutathione peroxidase, 
which can reduce reactive oxygen species and thereby prevent damage of important 
biomolecules, including DNA, RNA, lipids, proteins, and membranes; reactive oxygen 
species–induced DNA damage is known to promote tumor progression (Peters, et al., 2008), 
thereby conferring risk of developing bladder cancer in the Ecuadorian population. Previous 
studies demonstrate that the carriers of the variant L/L have a four times greater risk of 
developing bladder cancer than the individuals with the P/P variant (Ichimura, et al., 2004; 
Hu & Diamond, 2003). 
Table 5 shows the respective OR values of the GPX1 and MnSOD genotypes. We found an 
increased risk of bladder cancer associated with the genotypes for the GPX1 (P/L or L/L) 
OR = 3.8; 95% CI=2.1-6.8; p<0.001), while the MnSOD was not statistically significant (OR = 
2.1; 95% CI=1.3-3.5; p>0.05). Possible modification of associations between genetic 
polymorphisms and bladder cancer risk was also achieved by stratifying cases based on old 
age (OR = 5.3; 95% CI 2.9-9.5; p<0.001), sex (OR = 0.6; 95% CI 0.33-1.02; p<0.05), and 
smoking history (OR = 2.3; 95% CI 1.28-4.07; p<0.05). 
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Pro198Leu Pro/Pro Pro/Leu Leu/Leu Chi-Square Odds Ratio 

Affected 29% 19% 52% 
69.9, p> 

0.001 
3.8, 95% CI 2.1-6.8, 

p<0.001 
Control 61% 35% 4%   

Ile58Thr Ile/Ile Ile/Thr Thr/Thr Chi-square Odds Ratio 

Affected 44% 49% 7% 0.25, p > 0.05 
2.1, 85% CI 1.3-3.5, 

p>0.05 
Control 62% 38% 0%   

Table 5. Statistical Analysis 

Several studies in different populations worldwide have reported, and an association 
between these variants with the risk of developing different types of cancer (Raaschou-
Nielsen, et al., 2007; Ezzikouri, et al., 2010; Hu, et al., 2010; Arsova-Sarafinovska, et al., 2009; 
Hansen, et al., 2009). The incidence of these polymorphisms according to the population 
analyzed, for example: the allelic frequency of L/L in the Japanese population is 0.05, and in 
the Caucasian population it is 0.36 (Ichimura, et al., 2004; Hu & Diamond, 2003). 
Furthermore, it has been determined that variants in different populations increases 2.6 
times of developing bladder cancer and 1.43 times of developing breast cancer (Ratnasinghe, 
et al., 2000). 
About the age of individuals under study, it has been determined that the risk of acquire 

bladder cancer is increased in old aged individuals (OR = 0.6; 95% CI 0.334-1.020; p<0.05), 

and can be considered as a risk factor for developing this disease. Furthermore, it was 

determined that men are at five times more risk to develop this type of cancer than women 

(OR = 5.3; 95% CI 2.9-9.5; p<0.001).  

Current scientific evidence considers tobacco as a carcinogenic in human, with a causal 
relationship also to urinary bladder cancer (Lagiou, et al., 2005), being one of the most 
important risk factors, responsible for almost one-third of bladder cancer deaths (Parkin, 
2008). It has been determined that individuals who used to smoke are at two times more risk 
to develop bladder cancer than individuals that never smoke (OR = 2.3; 95% CI 1.28-4.07; 
p<0.05). These findings are supported because it has previously been reported that smoking 
results in lower GPX activity (Ravn-Haren, et al., 2006). 
As a result of the ethnic differences, the distribution of the polymorphisms is affected; some 
studies have found that the risk of developing bladder cancer when a significant incidence 
of the L/L allelic variant exists, with the proportion of homozygous individuals for the L/L 
allele being low for the Asian population and high for the Caucasian population (Ichimura, 
et al., 2004; Hu & Diamond, 2003). These findings have been corroborated for the 
Ecuadorian population, due to the L/L genotype being present in a high proportion of 
individuals diagnosed with bladder cancer (n = 51; 51%). 
Free radicals, which are produced naturally in the body, can cause oxidative damage of 
DNA, lipids, proteins and other cell constituents, contributing to the onset of cancer and 
other chronic diseases (Evans, et al., 2004). Several enzymes, including MnSOD, GSTP, are 
involved in the scavenging of free radicals and prevention of oxidative damage. MnSOD 
catalyzes the dismutation of superoxide radicals in mitochondria by converting anion 
superoxide into hydrogen peroxide and oxygen, being a primary source of defense against 
cellular oxidants, regulating mitochondrial transport. It plays a key role in protecting cells 
from oxidative stress, especially in people with a low intake of natural antioxidants (Vineis, 
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et al., 2007) because low levels of MnSOD gene activity may cause oxidative stress, leading 
to the development of cancer, diabetes, and neurodegenerative diseases like Parkinson´s 
and Alzheimer´s (Paz-y-Miño, et al., 2010). Although low expression of MnSOD has often 
been suggested for different types of cancer, it has been demonstrated that overexpression 
of this protein inhibited cancerous growth implying it as a tumor suppressor gene (Tamimi, 
et al., 2004). In addition, MnSOD may exert its effect as a tumor suppressor, by altering 
pathways involving in cellular apoptosis and proliferation (Canan, et al., 2011). 
It has been reported that the frequency of the ile58thr variant of the MnSOD gene does not 
have a high significance (Hu & Diamond 2003). However there are other reports that have 
found an association between genetic polymorphisms in MnSOD and myeloid leukemia 
(Vineis, et al., 2007) indicating that oxidative stress can play a role in cancer.  When we 
compare the values reported with the values obtained in the study we performed, we 
confirmed that the incidence of the T/T allele maintains a low level within the Ecuadorian 
population. We have shown statistically that there is no significant difference between the 
bladder cancer group and the control group (Paz-y-Miño, et al., 2010).  
In the same way when we calculate the related risk of this two polymorphism (Pro/Leu and 
Ile/Thr), a negative relationship between the tendency to develop bladder cancer was found 
(OR = 2.1; 95% CI 1.2-3.6; p>0.05), concluding that the individuals who present the 
pro198leu variant have an increased risk of developing bladder cancer; contrary to what we 
found for ile58thr polymorphism and being different from that reported by other authors 
(Clemente, et al., 2007). It is well known that the ile58thr polymorphism of the MnSOD gene 
varies within different populations, with an incidence of 11% in Japanese populations and 
30% in Chinese populations, compared to the Caucasian populations, which has a 62% of 
incidence (Hori, et al., 2000; Ambrosone, et al. 1999).  
Some authors have reported that the expression level of the manganese superoxide 
dismutase enzyme, varies within tissues and shows an increment in individuals with brain, 
skin, lung tumors, breast, bladder cancer and myeloid leukemia (Vineis, et al., 2007; 
Ichimura, et al., 2004; Clemente, et al., 2007; Ambrosone, et al., 1999), for this reason the 
present study is important because it allows a characterization of the Ecuadorian population 
with bladder cancer. Various ethnic groups exhibit significant differences in the distribution 
of alleles throughout the population, which may influence the interpretation of 
epidemiological and association studies, these region-specific epidemiological studies 
provide important information on the frequency of polymorphic allelic variants in various 
ethnic groups (Souto Grando, et al., 2009). 
The very different findings in other populations might be caused by some confounding 
factors such as ethnicity, selection of control groups and characterization of cases, sample 
sizes, and gene–gene and gene–environment interactions. In conclusion, these results shown 
an association with increased risk of bladder cancer in the population studied. In addition, 
the results suggest that the genotypes of the polymorphisms may be associated with 
increased risk of bladder cancer. 

4. References 

Ambrosone, CB., Freudenheim, JL., Thompson, PA., Bowman, E., Vena, JE., Marshal, JR., 
Graham, S., Laughlin, R., Nemoto, T., & Shields, PG. (1999). Manganeso superoxide 
dismutase (MnSOD) genetic polymorphisms, dietary antioxidants and risk of 
breast cancer. Cancer Research; Vol.59, No.3, pp.602–606, ISSN 1538-7445. 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

158 

Ardanaz, N., Yang, X-P., Cifuentes, ME., Haurani, MJ., Jackson, KW., Liao, T-W., Carretero, 
OA., & Pagano, PJ. (2010). Lack of Glutathione Peroxidase 1 Accelerates Cardiac-
Specific Hypertrophy and Dysfunction in Angiotensin II Hypertension, Vol. 55, No.1 
pp.116-123, ISSN 0194911X. 

Arsova-Sarafinovska, Z., Matevska, N., Eken, A., Petrovski, D., Banev, S., Dzikova, S., 
Georgiev, V., Sikole, A., Erdem, O., Sayal, A., Aydin, A., & Dimovski, AJ. (2009). 
Glutathione peroxidase 1 (GPX1) genetic polymorphism, erythrocyte GPX activity, 
and prostate cancer risk. International Urology and Nephrology, Vol.41, No.1, pp.63–
70, ISSN 1573-2584. 

Altayli, E., Gunes, S., Yilmaz, AF., Goktas, S., & Bek, Y. (2009). CYP1A2, CYP2D6, GSTM1, 
GSTP1, and GSTT1 gene polymorphisms in patients with bladder cancer in a 
Turkish population. International  Urology and Nephrology, Vol.41, No.2, pp.259–266, 
ISSN: 1573-2584.  

Bosetti, C., Malvezzi, M., Chatenoud, L., Negri, E., Levi, F., & La Vecchia, C. (2005). Trends 
in cancer mortality in the Americas, 1970–2000. Annals of Oncology, Vol.16, No.3, pp. 
489–511, ISSN 1569-8041.  

Bosetti, C., Bertuccio, P., Levi, F., Lucchini, F., Negri, E., & La Vecchia, C. (2008). Cancer 
mortality in the European Union, 1970–2003, with a joinpoint analysis. Annals of 
Oncology, Vol.19, No. 4, pp. 631–640, ISSN 1569-8041. 

Canan Kucukgergin, C., Sanli, O., Tefik, T., Aydın, M., Ozcan, F., & Seckin, Ş. (2011). 
Increased risk of advanced prostate cancer associated with MnSOD Ala-9-Val gene 
polymorphism. Molecular Biology Reports (on-line). ISSN 1573-4978. 

Cao. W., Cai, L., Rao, JY., Pantuck, A., Lu, ML., Dalbagni, G., Reuter, V., Scher, H., Cordon-
Cardo, C., Figlin, RA., Belldegrun, A., & Zhang, EF. (2005). Tobacco smoking, 
GSTP1 polymorphism, and bladder carcinoma. Cancer, Vol.104, No.11, pp.2400–
2408, ISSN 1097-0142. 

Charniot, JC., Sutton, A., Bonnefont-Rousselot, D., Cosson, C., Khani-Bittar, R., Giral, P., 
Charnaux, N., & Albertini, JP. (2011). Manganese superoxide dismutase 
dimorphism relationship with severity and prognosis in cardiogenic shock due to 
dilated cardiomyopathy. Free Radical Research; Vol.45, No.4, pp.379-388, ISSN 1029-
2470. 

Choi, JY., Neuhouser, ML., Barnett, M., Hudson, M., Kristal, AR., Thornquist, M., King, IB., 
Goodman, GE., & Ambrosone, GB. (2007). Polymorphisms in Oxidative Stress–
Related Genes Are Not Associated with Prostate Cancer Risk in Heavy Smokers. 
Cancer Epidemiology Biomarkers & Prevention, Vol.16, No.6, pp.1115-1120, ISSN 1538-
7755. 

Clarkson, SG., & Wood, RD. (2005). Polymorphisms in the human XPD (ERCC2) gene, DNA 
repair capacity and cancer susceptibility: an appraisal. DNA Repair Vol.4, No.10, 
pp.1068-74, ISSN 1568-7864. 

Clemente, C., Elba, S., Buongiorno, G., Guerra, V., D’Attoma, B., Orlando, A., & Russo, F. 
(2007). Manganese superoxide dismutase activity and incidence of hepatocellular 
carcinoma in patients with Child-Pugh class. A liver cirrhosis: A 7-year follow-up 
study. Liver International, Vol.277, No.6, pp.791-797, ISSN 1478-3223. 

Covolo, L., Placidi, D., Gelatti, U., Carta, A., Scotto Di Carlo, A., Lodetti, P., Piccichè, A., 
Orizio, G., Campagna, M., Arici, C., & Porru, S. (2008). Bladder cancer, GSTs, 
NAT1, NAT2, SULT1A1, XRCC1, XRCC·, XPD genetic polymorphisms and coffee 

www.intechopen.com



 
Epidemiology and Polymorphisms Related to Bladder Cancer in Ecuadorian Individuals 

 

159 

consumption: a case-control study. European Journal of Epidemiology, Vol.23, No.5, 
pp.355–362, ISSN 1573-7284. 

Cueva, P., & Yépez, J. (2009). Cancer Epidemiology in Quito 2003-2005. Quito, AH, Editorial: 
National Cancer Registry (NCR), SOLCA. ISBN 9942-9958. Quito-Ecuador. 

Deng, FY., Liu, YZ., Li, LM., Jiang, C., Wu, S., Chen, Y., Jiang, H., Yang, F., Xiong, JX., Xiao, 
P., Xiao, SM., Tan, LJ., Sun, X., Zhu, XZ., Liu, MY., Lei, SF., Chen, XD., Xie, JY., 
Xiao, GG., Lian, SP., & Deng, HW. (2008). Proteomic analysis of circulating 
monocytes in Chinese premenopausal females with extremely discordant bone 
mineral density. Proteomics Vol.8, No.20, pp. 4259–4272, ISSN, 1615-9861.  

Evans, MD., Dizdaroglu, M., & Cooke, MS. (2004). Oxidative DNA damage and disease: 
induction, repair and significance. Mutation Research, Vol.567, No. 1, pp.1–61, ISSN 
0027-5107. 

Ezzikouri, S., El-Feydi, AE., Afifi, R., Benazzouz, M., Hassar, M., Pineau, P., & Benjelloun, S. 
(2010). Polymorphisms in antioxidant defence genes and susceptibility to 
hepatocellular carcinoma in a Moroccan population. Free Radical Research; Vol.44, 
No.2, pp.208-216, ISSN 1029-2470. 

Faraci, FM., & Didion, SP. (2004). Vascular protection: superoxide dismutase isoforms in the 
vessel wall. Arteriosclerosis, Thrombosis, and Vascular Biology, Vol,24, No.8, pp.1367-
1373 ISSN 10795642. 

Franekova, M., Halasova, E., Bukovska, E., Luptak, J., & Dobrota, D. (2008). Gene 
polymorphisms in bladder cancer. Urologic Oncology, Vol.26, No.1, pp.1–8, ISSN, 
1078-1439. 

Fishbain, DA., Fishbain, D., Lewis, J., Cutler, RB., Cole, B., Rosomoff, HL., & Rosomofff, RS. 
(2004). Genetic testing for enzymes of drug metabolism: does it have clinical utility 
for pain medicine at the present time? Pain Medicine, Vol.5, No.1, pp.81–93, ISSN, 
1526-4637.  

Ha, Y-S., Yan, C., Jeong, P., Kim, W., Yun, S-J., Kim, I., Moon, S-K., & Kim, W-J. (2011). 
GSTM1 Tissue Genotype as a Recurrence Predictor in Nonmuscle Invasive Bladder 
Cancer. Journal of Korean Medical Science, Vol. 26, No.2, pp. 231-236, ISSN 1598-6357. 

Hansen, RD., Krath, BN., Frederiksen, K., Tjønneland, A., Overvad, K., Roswall, N., Loft, S., 
Dragsted, LO., Vogel, U., & Raaschou-Nielsen, O. (2009). GPX1 Pro(198)Leu 
polymorphism, erythrocyte GPX activity, interaction with alcohol consumption and 
smoking, and risk of colorectal cancer. Mutation Research, Vol.664, No. 1-2, pp.13–
19, ISSN 0027-5107. 

Harries, LW., Stubbins, MJ., Forman, D., Howard, GC., & Wolf, CR. (1997). Identification of 
genetic polymorphisms at the glutathione S-transferase Pi locus and association 
with susceptibility to bladder, testicular and prostate cancer. Carcinogenesis Vol.18, 
No.4, pp.641–644, ISSN 1460-2180.  

Hecht, EM. (2003). Tobacco carcinogens, their biomarkers and tobacco induced cancer. 
Nature Reviews Cancer, Vol.3, No.10, pp.733–744, ISSN 1474-175X. 

Heistad, DD. (2003). Oxidative stress and vascular disease. Arteriosclerosis, Thrombosis, and 
Vascular Biology, Vol,26, No.4, pp.689 – 695, ISSN 10795642. 

Hirao, Y., Kim, W., & Fujimoto, K. (2009). Environmental factors promoting bladder cancer. 
Current  Opinion in Urology, Vol.19, No.5, pp. 494-499, ISSN 1473-6586.  

Hori, H., Ohmori, O., Shinkai, T., Kojima, H., Okano, C., Suzuki, T., & Nakamura, J. (2000). 
Manganese superoxide dismutase gene polymorphism and achizophrenia: Relation 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

160 

to tardive dyskinesia. Neuropsychopharmacology, Vol.23, No.2, pp.170-177. ISSN 
0893-133X. 

Hu, X., Ji, X., Srivastava, SK., Xia, H., Awasthi, S., Nanduri, B., Awasthi, YC., Zimniak, P., & 
Singh, SV. (1997). Mechanism of differential catalytic efficiency of the two 
polymorphic forms of the human glutathione Stransferase P1-1 in the glutathione 
conjugation of carcinogenic diol epoxide of chrysene. Archives of Biochemestry and 
Biophysics Vol.345, No.1, pp.32–38, ISSN 0003-9861.  

Hu, YJ., & Diamond, AM. (2003). Role of glutathione peroxidase 1 in breast cancer: Loss of 
heterozygosity and allelic differences in response to selenium. Cancer Research 
Vol.63, No.12, pp.3347–3351, ISSN 1538-7445. 

Hu, J., Zhou, GH., Wang, N., & Wang, YJ. (2010). GPX1 Pro198Leu polymorphism and 
breast cancer risk: a meta-analysis. Breast Cancer Research and Treatment, Vol.124, 
No.2, pp. 425–431, ISSN 1573-7217. 

Ichimura, Y., Habuchi, T., Tsuchiya, N., Wang, L., Oyama, C., Sato, K., Nishiyama, H., 
Owag, O., & Kato, T. (2004). Increased risk of bladder cancer associated with a 
glutathione peroxidase 1 codon 198 variant. The Journal of Urology, Vol. 172, No.2, 
pp.728-32, ISSN 0022-5347. 

Jemal, A., Siegel, R., Ward, E., Hao, Y., Xu, J., & Thun, M. (2009).  Cancer statistics, 2009. CA 
A Cancer Journal for Clinicians, Vol.59, No.4, pp. 225-249, ISSN 1542-4863.  

Kelsey, KT., Park, S., Nelson, HH., & Karagas, MR. (2004). A population-based case-control 
study of the XRCC1 Arg399Gln polymorphism and susceptibility to bladder cancer. 
Cancer Epidemiology Biomarkers & Prevention, Vol.13, pp.1337-1341, ISSN 1538-7755 

Kopps, S., Angeli-Greaves, M., Blaszkewicz, M., Prager, HM., Roemer, HC., Löhlein, D., 
Weistenhöfer, W., Bolt, HM., & Golga, K. (2008). Glutathione S-Transferase P1 
Ile105Val Polymorphism in Occupationally Exposed Bladder Cancer Cases. Journal 
of Toxicology and Environmental Health, Part A, Vol.71, No.13-14, pp.898–901, ISSN 
1087-2620. 

Lagiou, P., Adami, HO., & Trichopoulos, D. (2005). Causality in cancer epidemiology. 
European Jounal of Epidemiology, Vol.20, No.7, pp.565–574, ISSN 1573-7284. 

Liu, G., Zhou, W., Yeap, BY., Su, L., Wain, JC., Poneros, JM., Nishioka, NS., Lynch, TJ., & 
Christiani, DC. (2007). XRCC1 and XPD polymorphisms and esophageal 
adenocarcinoma risk. Carcinogenesis, Vol.28, No.6, pp.1254-8, ISSN 1460-2180. 

Luch, A. (2005). Nature and nurture—lessons from chemical carcinogenesis. Nature Reviews 
Cancer, Vol.5, No.2, pp.113–125,  ISSN 1474-175X. 

Ma, Q., Lin, G., Qin, Y., Lu, D., Golka, K., Geller, F., Chen JG., & Shen JH. (2003). GSTP1 
A1578G (Ile105Val) polymorphism in benzidine-exposed workers: An association 
with cytological grading of exfoliated urothelial cells. Pharmacogenetics, Vol.13, 
No.7, pp.409–415, ISSN 0960-314X. 

Marchini, J., Cardon, L., Phillips, M., & Donnelly, P. (2004). The effects of human population 
structure on large genetic association studies Nature Genetics, Vol.36, No.5, pp.512-
517, ISSN 1061-4036. 

Mak, JC., Leung, HC., Ho, SP., Kow, FW., Cheung, AH., & Chang-Yeung, MM. (2006). 
Polymorphisms in manganese superoxide dismutase and catalase genes: Functional 
study in Hong Kong Chinesse asthma patients. Clinical and Experimental Allergy, 
Vol.36, No.4, pp.440-447, ISSN 1365-2222. 

www.intechopen.com



 
Epidemiology and Polymorphisms Related to Bladder Cancer in Ecuadorian Individuals 

 

161 

Marsin, S., Vidal, AE., Sossou, M., Ménissier-de Murcia, J., Le Page, F., Boiteux, S., De 
Murcia, G., & Radicella, JP. (2003). Role of XRCC1 in the coordination and 
stimulation of oxidative DNA damage repair initiated by the DNA glycosylase 
hOGG1,” The Journal of Biological Chemistry; Vol.278, No.45, pp.44068–44074, ISSN 
1083-351X. 

Marmot, M., Atinmo, T., Byers, T., Chen, J., & Hirohata, T. (2007). Food, nutrition, physical 
activity, and the prevention of cancer: a global perspective, World Cancer Research Fund 
/ American Institute for Cancer Research, ISBN, 13-9780972252225, AICR, 
Washington DC. 

Meza-Espinoza, JP., Peralta-Leal, V., Gutierrez-Angulo, M., Macias-Gomez, N., Ayala-
Madrigal, ML., Barros-Nuñez, P., Duran-Gonzalez, J., Leal-Ugarte, E. (2009). 
XRCC1 polymorphisms and haplotypes in Mexican patients with acute 
lymphoblastic leukemia. Genetics and Molecular Research; Vol.8, No.4, pp.1451-1458, 
ISSN 1676-5680. 

Mittal, RD., Singh, R., Manchanda, PK., Ahirwar, D., Gangwar, R., Kesarwani, P., Mandhani, 
A. (2008). XRCC1 codon 399 mutant allele. A risk factor for recurrence of urothelial 
bladder carcinoma in patients on BCG immunotherapy. Cancer Biology & Therapy, 
Vol.7, No.5, pp.647-652. ISSN 1555-8576. 

Moyer, A., Salavaggione, O., Wu, T., Moon, I., Eckloff, B., Hildebrandt, MA., Schaid, DJ., 
Wieben, ED., & Weinshilboum, RM. (2008). Glutathione S-transferase P1: gene 
sequence variation and functional genomic studies. Cancer Research; Vol.68, No.18, 
pp.4791-4801, ISSN 1538-7445. 

Naccarati, A., Pardini, B., Hemminki, K. & Vodicka, P. (2007). Sporadic colorectal cancer and 
individual susceptibility: a review of the association studies investigating the role 
of DNA repair genetic polymorphisms. Mutation Research Vol.635, No.2–3, pp.118–
145, ISSN 0027-5107. 

Padma, G., Mamata, M., Ravi Kumar, K., & Padma, T. (2011). Polymorphisms in two DNA 
repair genes (XPD and XRCC1) – association with age related cataracts. Molecular 
Vision; Vol.12, No.17, pp.127-133, ISSN 1090-0535. 

Pastorelli, R., Cerri, A., Mezzetti, M., Consonni, E., & Airoldi, L. (2002). Effect of DNA repair 
gene polymorphisms on BPDE-DNA adducts in human lymphocytes. International 
Journal of Cancer. Vol.100, No.1, pp.9-1, 1097-0215. 

Parkin, DM. (2008). The global burden of urinary bladder cancer. Scandinavian Journal of 
Urology and Nephrology. Supplementum. Vol.218, pp.12–20, ISSN 03008886. 

Parkin, D., Bray, F., Ferlay, J., & Pisani, P. (2005). Global cancer statistics, 2002. CA A Cancer 
Journal for Clinicians, Vol.55, No.2, pp. 74-108, ISSN 1542-4863.  

Paz-y-Miño, C., Muñoz, MJ., López-Cortés, A., Cabrera, A., Palacios, A., Castro, B., Paz-y-
Miño, N., & Sánchez, ME. (2010). Frequency of Polymorphisms pro198leu in GPX-1 
Gene and ile58thr in MnSOD Gene in the Altitude Ecuadorian Population With 
Bladder Cancer. Oncology Research, Vol.18, No.8, pp.395–400, ISSN 0965-0407. 

Paz-y-Miño, C., Muñoz, MJ., Maldonado, A., Valladares, C., Cumbal, N., Herrera, C., 
Robles, P., Sánchez, ME., & López-Cortés, A. (2011). Baseline determination in 
social, health, and genetic areas in communities affected by glyphosate aerial 
spraying on the northeastern Ecuadorian border. Reviews on Environmental Health, 
Vol.26, No.1, pp.45-51, ISSN 2191-0308. 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

162 

Peters, U., Chatterjee, N., Hayes, RB., Schoen, RE., Wang, Y., Chanock, SJ., & Foster, CB. 
(2008). Variation in the Selenoenzyme Genes and Risk of Advanced Distal 
Colorectal Adenoma. Cancer Epidemiology Biomarkers & Prevention, Vol.17, No.5, 
pp.1144-1154, ISSN 1538-7755.  

Pou, S., Osella, A., & Diaz, M. (2011). Bladder cancer mortality trends and patterns in 
Córdoba, Argentina (1986–2006). Cancer Causes Control; Vol.22, No.3, pp. 407–415, 
ISSN 1573-7225 

Povey, JE., Darakhshan, F., Robertson, K., Bisset, Y., Mekky, M., Rees, J., Doherty, V., 
Kavanagh, G., Anderson, N., Campbell, H., Mackie, RM., & Melton, DW. (2007). 
DNA repair gene polymorphisms and genetic predisposition to cutaneous 
melanoma. Carcinogenesis, Vol.28, No.5, pp.1087-93, ISSN 1460-2180. 

Raaschou-Nielsen, O., Sørensen, M., Hansen, RD., Frederiksen, K., Tjønneland, A., Overvad, 
K., & Vogel, U. (2007). GPX1 Pro198Leu polymorphism, interactions with smoking 
and alcohol consumption, and risk for lung cancer. Cancer Letters, Vol.247, No.2, pp. 
293–300, ISSN 0304-3835.  

Ratnasinghe, D., Tangrea, JA., Andersen, MR.,Barrett, MJ., Virtamo, J., Taylor, PR., & 
Albanes, D. (2000). Glutathione peroxidase codon 198 polymorphism variant 
increases lung cancer risk. Cancer Research Vol.60, No.22, pp.6381–6383, ISSN 1538-
7445. 

Ravn-Haren, G., Olsen, A., Tjønneland, A., Dragsted, LO., Nexø, BA., Wallin, H., Overvad, 
K., Raaschou-Nielsen, O., & Vogel, U. (2006). Associations between GPX1 
Pro198Leu polymorphism, erythrocyte GPX activity, alcohol consumption and 
breast cancer risk in a prospective cohort study. Carcinogenesis, Vol.27, No.4, 
pp.820—825, ISSN 0143-3334. 

Rodriguez-Antona, C., & Ingelman-Sundberg, M. (2006). Cytochrome P450 
pharmacogenetics and cancer. Oncogene, Vol.25, No.11, pp.1679–1691, ISSN, 0950-
9232. 

Sambrook, J., Fritsch, E.F., & Maniatis, T. (1989). Molecular Cloning: A Laboratory Manual. 
Cold Spring Harbor Laboratory Press, ISBN, 0-87969-577-3, New York, USA.  

Shen, M., Hung, RJ., Brennan, P., Malaveille, C., Donato, F., Placidi, D., Carta, A., 
Hautefeuille, A., Boffetta, P., & Porru, S.  (2003). Polymorphisms of the DNA Repair 
Genes XRCC1, XRCC3, XPD, Interaction with Environmental Exposures, and 
Bladder Cancer Risk in a Case-Control Study in Northern Italy. Cancer Epidemiology 
Biomarkers & Prevention, Vol.12, pp.1234-1240, ISSN 1538-7755 

Shen, MR., Jones IM., & Mohrenweiser, H. (1998). Nonconservative amino acid substitution 
variants exist at polymorphic frequency in DNA repair genes in healthy humans,” 
Cancer Research; Vol.58, No.4, pp.604–608, ISSN 1538-7445. 

Shimada, T. (2006). Xenobiotic-metabolizing enzymes involved in activation and 
detoxification of carcinogenic polycyclic aromatic hydrocarbons. Drug Metabolism 
and Pharmacokinetics. Vol.21, No.4, pp.257-276, ISSN 1880-0920. 

Souto Grando, J., Kuasne, H., Losi-Guembarovski, R., Rodrigues, I., Mitsu-Matsuda, H., 
Fuganti, PE., Pereira, E., Libos, F., Paes de Menezez, R., de Freitas, MA., & de 
Syllos, IM. (2009). Association between polymorphisms in the biometabolism genes 
CYP1A1, GSTM1, GSTT1 and GSTP1 in bladder cancer. Clinical and Experimental 
Medicine, Vol.9, No.1, pp.21–28, ISSN 1591-9528. 

www.intechopen.com



 
Epidemiology and Polymorphisms Related to Bladder Cancer in Ecuadorian Individuals 

 

163 

Srivastava, DSL., Mishra, DK., Mandhani, A., Mittal, B., Kumar, A., & Mittal, RD. (2005). 
Association of genetic polymorphism of glutathione S-transferase M1, T1, P1 and 
susceptibility to bladder cancer. European Urology, Vol.48, No2, pp.339–344, ISSN 
1569-9056. 

Stern. MC., Umbach, DM., van Gils, CH., Lunn, RM., & Taylor, JA. (2001). DNA Repair Gene 
XRCC1 Polymorphisms, Smoking, and Bladder Cancer Risk. Cancer Epidemiology 
Biomarkers & Prevention, Vol.10, pp.125-131, ISSN 1538-7755. 

Sterpone, S., & Cozzi, R. (2010). Influence of XRCC1 Genetic Polymorphisms on Ionizing 
Radiation-Induced DNA Damage and Repair. Journal of Nucleic Acids, pp.1-6  ISSN 
2090-0201. 

Strange, RC., Spiteri, MA., Ramachandran, S., & Fryer, AA. (2001). Glutathione-S-transferase 
family of enzymes. Mutation Research Vol.482, No.1–2, pp.21–26, ISSN 0027-5107. 

Tamimi, RM., Hankinson, SE., Spiegelman, D., Colditz, GA., & Hunter, DJ. (2004). 
Manganese superoxide dismutase polymorphism, plasma antioxidants, cigarette 
smoking, and risk of breast cancer. Cancer Epidemiology, Biomarkers & Prevention, 
Vol.13, No.6, pp.989-996. ISSN 1538-7755. 

Trošt, Z., Trebše, R., Preželj, J., Komadina, R., Bitenc-Logar, D., & Marc, J. (2010). A 
microarray based identification of osteoporosis related genes in primary culture of 
human osteoblasts, Bone, Vol. 46, No.1, pp.72–80, ISSN  8756-3282. 

Unal, M., Tamer, L., Ateş, NA., Akbas, Y., Pata, YS., Vayisoğlu, Y., Ercan, B., Görür, K., & 
Atik, U. (2004). Glutathione S-transferase M1, T1, and P1 gene polymorphism in 
laryngeal squamous cell carcinoma. American Journal of Otolaryngology, Vol.25, No.5, 
pp.317–322 ISSN 1532-818X 

Vidal, AE., Boiteux, S., Hickson, ID., & Radicella, JP. (2003). XRCC1 coordinates the initial 
and late stages of DNA abasic site repair through protein-protein interactions,” The 
EMBO Journal, Vol.20, No.22, pp. 6530–6539, ISSN 0261-4189. 

Vineis, P., Veglia, F., Garte, S., Malaveille, C., Matullo, G., Dunning, A., Peluso, M., Airoldi, 
L., Overvad, K., Raaschou-Nielsen, O., Clavel-Chapelon, F., Linseisen, JP., Kaaks, 
R., Boeing, H., Trichopoulou, A., Palli, D., Crosignani, P., Tumino, R., Panico, S., 
Bueno-De-Mesquita, HB., Peeters, PH., Lund, E., Gonzalez, CA., Martinez, C., 
Dorronsoro, M., Barricarte, A., Navarro, C., Quiros, JR., Berglund, G., Jarvholm, B., 
Day, NE., Key, TJ., Saracci, R., Riboli, E., & Autrup, H. (2007). Genetic susceptibility 
according to three metabolic pathways in cancers of the lung and bladder and in 
myeloid leukemias in nonsmokers. Annals of Oncology, Vo.18, pp. 1230–1242. ISSN 
1569-8041. 

Wacholder, S., Chanock, S., Garcia_Closas, M., El Ghormli, L., & Rottiman, N. (2004). 
Assessing the Probability That a Positive Report is False: An Approach for 
Molecular Epidemiology Studies Journal of the National Cancer Institute, Vol.96, 
No.6, pp.434-442, ISSN 1460-2105. 

Wong, RH., Chang, SY., Ho, SW., Huang, PL., Liu, YJ., Chen, YC., Yeh, YH., & Lee, HS. 
(2008). Polymorphisms in metabolic GSTP1 and DNA – repair XRCC1 genes with 
an increased risk of DNA damage in pesticide exposed fruit growers. Mutation 
Research, Vol.654, No. 2, pp.168 – 75, ISSN 1383-5718.  

Wood, RD., Mitchell, M., Sgouros, J., & Lindahl, T. (2001). Human DNA repair genes. 
Science, Vol.291, No.5507, pp.1284-1289, ISSN 1095-9203. 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

164 

Yoon, HH., Catalano, PJ., Murphy, KM., Skaar, TC., Philips, S., Powell, M., Montgomery, 
EA., Hafez, MJ., Offer, SM., Liu, G., Meltzer SJ., Wu, X., Forastiere, AA., Benson, 
AB., Kleinberg, LR., & Gibson, MK. (2011). Genetic variation in DNA-repair 
pathways and response to radiochemotherapy in esophageal adenocarcinoma: a 
retrospective cohort study of the Eastern Cooperative Oncology Group. Bio Med 
Central Cancer, Vol.17, No.11, pp.176. ISSN 1471-2407. 

Zaridze, D. (2008). Molecular Epidemiology of Cancer. Biochemistry (Moscow), Vol. 73, No.5, 
pp. 532-542, ISSN 0006-2979. 

Zeegers, MPA., Tan, FES., Dorant, E., & Van den Brandt, P. (2000). The impact of 
characteristics of cigarette smoking on urinary tract cancer risk. A meta-analysis of 
epidemiologic studies. Cancer, Vol.89, No.3, pp.630–639, ISSN 1097-0142.  

Zimniak, P., Nanduri, B., Pikula, S., Bandorowicz-Pikula, J., Singhal, SS., Srivastava, SK., 
Awasthi, S., & Awasthi, YC. (1994). Naturally occurring human glutathione S-
transferase GSTP1-1 isoforms with isoleucine and valine in position 104 differ in 
enzymic properties. European Journal of Biochemistry, Vol.224, No.3, pp.893–899, 
ISSN 1742-4658.  

www.intechopen.com



Bladder Cancer - From Basic Science to Robotic Surgery

Edited by Dr. Abdullah Canda

ISBN 978-953-307-839-7

Hard cover, 460 pages

Publisher InTech

Published online 01, February, 2012

Published in print edition February, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book is an invaluable source of knowledge on bladder cancer biology, epidemiology, biomarkers,

prognostic factors, and clinical presentation and diagnosis. It is also rich with plenty of up-to-date information,

in a well-organized and easy to use format, focusing on the treatment of bladder cancer including surgery,

chemotherapy, radiation therapy, immunotherapy, and vaccine therapy. These chapters, written by the experts

in their fields, include many interesting, demonstrative and colorful pictures, figures, illustrations and tables.

Due to its practicality, this book is recommended reading to anyone interested in bladder cancer.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

César Paz-y-Miño and María José Muñoz (2012). Epidemiology and Polymorphisms Related to Bladder

Cancer in Ecuadorian Individuals, Bladder Cancer - From Basic Science to Robotic Surgery, Dr. Abdullah

Canda (Ed.), ISBN: 978-953-307-839-7, InTech, Available from: http://www.intechopen.com/books/bladder-

cancer-from-basic-science-to-robotic-surgery/genetic-variants-related-to-bladder-cancer-in-ecuadorian-

individuals-



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


