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Abstract: Worldwide, Bladder cancer is the most frequent male malignancy. It is the third most common male malignancy in Morocco. The 
risk factors for developing bladder cancer are multiples including dietary conditions, environmental exposure and oxidative stress. GPX1 gene 
encoding for the human cellular antioxidant enzyme glutathione peroxidase1 is a key factor in the cell detoxification process. GPX1 Pro198Leu 
polymorphism is associated with a decrease of enzyme activity and may contribute to bladder cancer susceptibility. The present case-control 
study was planned to assess the presence of GPX1 Pro198Leu polymorphism in Moroccan population to determine whether it is associated with 
the risk of developing bladder cancer in Moroccan patients. A total of 32 patients with bladder cancer and 40 healthy controls were enrolled. 
Genotyping of the GPX1 Pro198Leu polymorphism was carried out by PCR amplification and DNA sequencing. Pro198Leu polymorphism was 
observed in both bladder cancer patients and healthy controls. No significant association between the polymorphism and bladder cancer occur-
rence was found (Pro/Leu vs. Pro/Pro: p=0.425; Leu vs. Pro: p=0.435). For the analysis of Pro198Leu polymorphism and progression of bladder 
cancer, no association was observed neither for stages (Pro/Leu vs. Pro/Pro: p=0.500; Leu vs. Pro: p=0.500) nor grades (Pro/Leu vs. Pro/Pro: 
p=0.415; Leu vs. Pro: p=0.427). Our results clearly showed no significant association between Pro198Leu polymorphism and risk of bladder 
cancer in our population, suggesting that the effect of this polymorphism on bladder cancer development might be a result of a combination with 
other genetic alterations and/or non-genetic variables such as diet and lifestyle factors.
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Introduction

Worldwide, bladder cancer is a major cause of mor-
bidity and mortality. It ranks ninth in the global cancer 
incidence, accounting for approximately 429,000 new 
cases and 165,000 deaths occurred in 2012, and it is 
more prevalent in men than in women (1, 2). In Mo-
rocco, bladder cancer is the third most common cancer 
in men with an incidence nearly 11 times higher than 
in women. The age-standardized incidence rate (ASR) 
was 9.7 per 100,000 persons in men and 0.7 in women 
throughout the years 2006-2008 (3). The occurrence of 
bladder cancer increases steadily with age from 45 years 
with an average age of 65 years. The most frequent his-
tological type is by far transitional cell (urothelial) car-
cinoma and it is usually diagnosed at stages I and II (3, 
4).

Etiologically, tobacco smoking, occupational expo-
sure to specific industrial chemicals, chronic urinary 
tract infections, pelvic radiation and diet intake are 
known to promote bladder cancer carcinogenesis (5-8). 
These potential risk factors are supposed to accumulate, 
directly or indirectly, reactive oxygen species (ROS) in 
cells, leading to cellular oxidative stress (9-12). Oxida-
tive stress, which corresponds to an imbalance between 
oxidants and antioxidants in favor of oxidant systems, 
contributes to the different steps of carcinogenesis. In-
deed, ROS are highly reactive molecules which can 
damage multiple cellular targets including membranes, 
proteins and nucleic acids. Their carcinogenicity results 
from the potential to mutate cancer-related genes, acti-
vate or deactivate signal transduction pathways, and al-

ter the expression of growth- and differentiation-related 
genes (11, 12).

Human cellular glutathione peroxidase1 (GPX1, EC 
1.11.1.9) is a selenium-dependent enzyme that play a 
key role in the antioxidant defense; it is composed by 
four identical subunits containing selenocysteine resi-
dues in a total molecular weight of 22–23 kDa (13). 
GPX1 enzyme eliminates hydrogen peroxide (H2O2) by 
reducing it into water and might protect cells and their 
environment from oxidative damage (11-13). GPX1 
gene is located on chromosome 3p21.3 (14) and con-
tains two exons (15). Within exon2, a single nucleotide 
polymorphism (rs1050450C > T) that results in a proline 
(Pro) to leucine (Leu) amino acid substitution at codon 
position 198 (Pro198Leu), close to the C-terminus of 
the protein, was observed. Several studies have report-
ed that the presence of Leucine at position 198 affects 
the binding of selenium, a necessary element for GPX1 
function, to the enzyme and therefore decreases enzyme 
activity (16-18). Furthermore, the relationship between 
Pro198Leu polymorphism and cancer risk has been 
evaluated, and discrepant results were obtained. Some 
studies indicated a significant association of Pro198Leu 
polymorphism with breast cancer (19-20), lung cancer 
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(21-22) and bladder cancer (31-35). In other studies, 
Pro198Leu polymorphism was not associated to breast 
cancer (24-26) and prostate cancer (27-29, 34).

Thus, the present case-control study was planned to 
assess the presence of GPX1 Pro198Leu polymorphism 
in Moroccan population to determine whether it is as-
sociated with the risk of developing bladder cancer in 
Moroccan patients.

Materials and Methods

Study specimens
Cancer cases. 32 fresh frozen urinary bladder biop-

sies were recruited for the variant analysis in the present 
study. The tumor samples were from biopsies collected 
for the routine diagnosis of bladder cancer from Urol-
ogy department of the Military Hospital of Instruction 
Mohammed V in Rabat, Morocco. Tumor samples were 
collected by transurethral resection (TUR) or from cys-
tectomy specimens. Each sample was divided into two 
portions: one portion was put in neutral buffered for-
malin and processed for routine histopathological ex-
amination in the Anatomopathology Department at the 
same hospital according to the World Health Organiza-
tion (WHO) criteria and TNM (tumor node metastasis) 
classification; the other portion was stored at -80°C im-
mediately after surgical removal, until DNA extraction.

Control cases. Human genomic DNA from 40 
healthy peripheral blood samples collected at the Na-
tional Blood Transfusion Center was used as control.

The study was conducted under the local ethical rules 
and informed consents were obtained from all patients.

DNA extraction 
Genomic DNA was extracted from fresh frozen tis-

sue specimens and from blood samples using the Isolate 
II Genomic DNA Kit (BIOLINE), according to manu-
facturer’s protocol, and stored at -20°C until use. DNA 
concentration and purity were assayed using the Nano-
Drop 2000 UV-Vis Spectrophotometer (Thermo Fisher 
Scientific).

GPx1 Pro198Leu Genotyping
Pro198Leu polymorphism screening was carried 

out by PCR amplification and DNA sequencing (23). 
For PCR amplification, primers flanking a region in 
exon2 of GPX1 gene that contain the SNP rs1050450 
C> T, GPX1-Ex2-F primer: 5’-CGCCACCGCGCT-
TATGACCG-3’ and GPX1-Ex2-R primer: 5’-GCAG-
CACTGCAACTGCCAAGCAG-3’ were used. PCR 
amplification was performed in a total volume of 25μL, 
containing 1X PCR buffer, 1.5 mM MgCl2, 200µM of 
each dNTP, 200nM of each primer, 0.25U Platinum Taq 
DNA polymerase (Invitrogen) and 100ng of genomic 
DNA. The mixtures were first denatured at 94°C for 7 
min. Then, 35 cycles of PCR were performed with de-
naturation at 94°C for 30 s, primer annealing for 30 s 
at 60°C and primer extension for 30 s at 72°C. At the 
end of the last cycle, the mixtures were incubated at 
72°C for 7 min. For every reaction, a negative control, 
in which DNA template was omitted from the amplifica-
tion mixture, was included. PCR products were purified 
using the illustra ExoProStar 1-Step enzymatic clean up 
system (GE Healthcare Life Sciences), 1µl of 2X illus-

tra ExoProStar 1-Step mix (Alkaline Phosphatase, Exo-
nuclease I) was added to 6µl of PCR products, and the 
mixtures were incubated at 37°C for 15min, followed 
by incubation at 80°C for 15min to inactivate the en-
zymes. Sequencing of purified PCR products was per-
formed with BigDye Terminator v3.1 Cycle Sequencing 
Kit (Applied Biosystems). Sequencing reactions were 
performed in a final volume of 10µl, containing 1µl of 
2.5X Big Dye ready reaction mix v.3.1, 10 pmol of for-
ward primer and 100ng of purified PCR product. The 
mixtures were incubated at 96°C for 1min and 25 cycles 
were performed: denaturation at 96°C for 10s, primer 
annealing at 50°C for 5s and extension at 60°C for 4 
min. The reactions were set to 30µl. To eliminate the 
excess of labeled ddNTPs, sequencing reaction prod-
ucts were purified using sephadex G-50 gel-exclusion 
chromatography (GE Healthcare Life Sciences). Direct 
sequencing of amplified PCR products was performed 
on an ABI 3130xL Genetic Analyzer (Applied Biosys-
tems). The sequences were analyzed using Sequence 
Scanner v2.0 software (Applied Biosystems).

Statistical analysis
Statistical tests were performed using the OpenEpi 

software. Chi-square test with Yates’ correction was 
used to evaluate the association of GPX1 genotypes 
with the occurrence of bladder cancer and to examine 
the correlation between GPX1 genotypes and cancer 
stage or grade. The statistical relationship was consid-
ered as significant if the derived p-value was ˂0.05. The 
estimated genotypic and allelic frequencies were associ-
ated with 95% confidence intervals (CI) calculated us-
ing the modified Wald test (Agresti-Coull).

Results

Histopathological data
The demographic characteristics of the 32 bladder 

cancer patients showed that 84.37% were men (n=27) 
and 15.62% were women (n=5), the mean age of patients 
was 49 with extreme ages at 42 and 78 years old. The 
pathological analysis revealed that among the 32 cas-
es, 31cases were urothelial carcinomas (UC) (96.87%) 
and one case was adenocarcinoma (3.12%). The tumor 
staging revealed that among the 31 UC cases, 4 were 
classified as Ta (12.90%), 14 as T1 (45.16%), 5 as T2 
(16.12%) and only one case was staged as T4 (3.22%). 
The tumor grading showed that among 31 UC cases, 9 
cases were classified as low grade (29.03%), whereas 15 
were high grade (48.38%), the stage and the grade of 7 
other UC cases were undetermined (22.58%) (Table 1).

Detection of Pro198Leu polymorphism
Successful amplification and direct sequencing of 

GPX1 exon2 was obtained for both bladder cancer spec-
imens and controls. The figure 1 shows an example of 
nucleotide sequence of GPX1 exon2 obtained in cancer 
and control cases. Direct sequencing analysis of exon2 
revealed rs1050450 C > T substitution resulting in Pro-
198Leu in both bladder cancer specimens and controls.

Table 2 summarizes the obtained genotypic and al-
lelic frequencies in both cancer cases and healthy con-
trols. In bladder cancer cases, 62.50% of cases (20/32) 
have the Pro/Pro genotype and 37.50% (12/32) have the 
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stages (Ta-T1), the Pro/Pro and Pro/Leu genotypes were 
detected respectively in 55.56% (10/18) and 44.44% 
(8/18) of cases, whereas in advanced stages (≥ T2), Pro/
Pro was detected in 66.66% of cases (4/6) and Pro/Leu 
in only 33.33% (2/6) of cancer cases. In terms of can-
cer grade, Pro/Pro and Pro/Leu genotypes were detect-
ed in both low and high grades. In low grades, Pro/Pro 
and Pro/Leu genotypes were detected respectively in 
55.56% (5/9) and 44.44% (4/9) of cancer cases. In high 
grades, Pro/Pro was detected in 60% (9/15) and Pro/Leu 
in 40% (6/15) of cases. Statistical analysis showed that 

Pro/Leu genotype, whereas in control cases, Pro/Pro 
and Pro/Leu genotypes were found in 57.50% (23/40) 
and 42.50% of cases (17/40), respectively. No Leu/Leu 
genotype was found neither in cancer cases nor in con-
trols. Statistical analysis showed that no significant dif-
ference in the frequencies of Pro198Leu was observed 
between cancer cases and healthy controls (p=0.425).

Analysis of allelic frequencies showed that Pro-
line allele was present in 81.25% of cancer cases and 
in 78.75% of control cases. The frequency of Leucine 
allele was observed in 18.75% and 21.25% of cancer 
and healthy control cases, respectively. No statistically 
significant difference of GPX1 allelic frequencies was 
observed between cancer and control groups (p=0.435).

The distribution of Pro198Leu genotypes in the 31 
urothelial carcinomas according to stages and grades of 
bladder carcinoma is reported in Table 3. In the early 

Characteristics      N                 frequency (%)
Sex

Male 
Female

Urothelial carcinoma
Stage
Ta
T1
≥T2*
T4
Undetermined

Grade
low
high
Undetermined

Adenocarcinoma

27
5

31

4
14
5
1
7

9
15
7

1

84.37
15.62 

96.87 

12.90 
45.16 
16.12 
3.22 
22.58 

29.03 
48.38 
22.58 

3.12 

Table 1. Clinico-pathological data of bladder cancer cases.

*≥T2: advanced stages, T2 and beyond.

Figure 1. DNA sequence chromatograms of GPX1 exon2. A: 
DNA sequence chromatogram of unaffected members; there is no 
C˃T transition, B: DNA sequence chromatogram of carries; there 
is a single base C˃T transition in exon 2 that causes     Pro198Leu 
substitution at heterozygote form.

Cases N Genotype p Allele p
Pro/Pro % (95%CI) Pro/Leu % (95%CI) Pro % (95%CI) Leu % (95%CI)

Bladder 
cancer 32

62.50
(45.21-77.12)

37.50
(22.88-54.79)

81.25
(69.87-89.09)

18.75
(10.91-30.13)

0.425 0.435

Controls 40
57.50

(42.18-71.5)
42.50

(28.5-57.82)
78.75

(68.49-86.38)
21.25

(13.62-31.51)

Table 2. Genotypic and allelic frequencies in bladder cancer cases and controls.

UC cases N Genotype p Allele p
(N=31) Pro/Pro %(95%CI) Pro/Leu %(95%CI) Pro %(95%CI) Leu %(95%CI)

Stage
Ta-T1 18 55.56

(33.7-75.46)
44.44

(24.54-66.3)
0.500 

77.78
(61.67-88.53)

22.22
(11.47-38.33)

0.500
≥T2 6 66.67

(29.58-90.75)
33.33

(9.25-70.42)
83.33

(54-96.51)
16.67

(3.49-46)

Grade
Low 9 55.56

(26.63-81.16)
44.44

(18.84-73.37)
0.415 

77.78
(54.25-91.53)

22.22 
(8.466-45.75)

0.42 
High 15 60

(54.25-91.53)
40

(8.47-45.75)
80

(62.33-90.86)
20

(9.14-37.67)

ND 7 71.42
(35.24-92.44)

28.58
(7.56-64.76)

85.71
(58.81-97.24)

14.29
(2.76-41.19)

Table 3. Genotypic and allelic frequencies according to clinical stage and grade.
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there’s any significant association between Pro198Leu 
polymorphism and cancer stage (Pro/Leu vs Pro/Pro: 
p=0.500) or tumor grade (Pro/Leu vs Pro/Pro: p=0.415).

Allele frequency analysis showed that Leu allele 
prevails in both early (22.22%) and advanced (16.67%) 
stages, and in both low (22.22%) and high (20%) grades. 
There was no significant difference in the distribution of 
the polymorphism between the clinical stages (Leu vs 
Pro: p=0.500) and grades (Leu vs Pro: p=0.427).

Discussion

During last decades, a growing interest was given to 
the role of oxidative stress in carcinogenesis. Current-
ly, there is evidence that oxidative DNA damage and 
impairment in DNA repair response are implicated in 
cancer development and progression. Accordingly, sev-
eral studies have investigated the association between 
GPX1 Pro198Leu polymorphism, affecting the GPX1 
function, and cancer development, and results are con-
troversial depending on the study populations. 

The association between Pro198Leu polymorphism 
and breast cancer development has been well docu-
mented. A strong association was reported in Denmark 
and USA (19, 20), whereas other studies conducted in 
UK and USA didn’t observe any significant association 
between Pro198Leu polymorphism and breast cancer 
among Caucasian women (24-26). Other studies sug-
gested that Pro198Leu polymorphism is linked with risk 
of lung cancer (21, 22) but not with prostate (27-29) and 
colorectal (30) cancers.

Great interest was also given to the association be-
tween Pro198Leu polymorphism and bladder cancer 
risk. Accordingly, some studies have found that the Pro-
198Leu polymorphism is associated with an increased 
risk of this disease. Ichimura et al. showed that Pro/Leu 
genotype was significantly associated with bladder can-
cer in Japanese population (213 patients and 209 normal 
controls) (OR 2.63, 95% CI 1.45-4.75, p=0.001), and 
it was significantly correlated to advanced tumor stage 
(Ta-1 vs. T2-4, OR 2.58, 95% CI 1.07-6.18, p=0.034) 
but not with tumor grade (31). Furthermore, Paz-y-Miño 
et al. found that Ecuadorian population with this poly-
morphism (97 cases and 120 controls) presented a prob-
ability of developing bladder cancer 3.8 times greater 
than controls (OR 3.8, 95% CI 2.16-6.78, p< 0.001) but 
the risk was higher with Leu/Leu genotype (52%) than 
Pro/Leu genotype (19%) (32).

Of particular interest, Kucukgergin et al. have indi-
cated that the Leu/Leu genotype of GPX1 was associ-
ated with a significantly higher risk of bladder cancer 
than the Pro/Pro genotype in Turkish population (157 
patients and 224 healthy controls), and it was more fre-
quently observed in bladder cancer patients with high-
stage tumors than those with low-stage tumors (33). 
These findings were confirmed by two Chinese meta-
analyses suggesting that carriers of the variant T allele 
were associated with a significantly increased risk of 
bladder cancer (Leu vs. Pro, OR 2.111, 95% CI 1.020-
4.368, heterogeneity (p< 0.001); Pro/Leu and Leu/Leu 
vs. Pro/Pro, OR 1.876, 95% CI 1.011-3.480, heteroge-
neity (p< 0.001)) (34, 35).

Our study enrolled 32 bladder cancer patients and 40 
healthy controls. The characteristics of the 32 patients 

showed that 27 of them were men and 5 were women. 
This differential risk for the pathology between the two 
sexes is supposed to be related to rate exposure to risk 
factors, specifically tobacco smoking and alcohol con-
sumption (40). 

In the present study, we found no association of 
GPX1 Pro198Leu polymorphism with bladder cancer 
development (Pro/Leu vs. Pro/Pro: p=0.425; Leu vs. 
Pro: p=0.435) as well as no overall association with 
stages (Pro/Leu vs. Pro/Pro: p=0.500; Leu vs. Pro: 
p=0.500) and grades (Pro/Leu vs. Pro/Pro: p=0.415; 
Leu vs. Pro: p=0.427) of bladder cancers. In spite of the 
relatively lower sample size of our study, our results are 
in agreement with previously reported data in Egyptian 
population which was performed on 612 cases and 618 
matched population-based controls, suggesting that the 
common genetic variation in GPX1 gene are not associ-
ated with overall bladder cancer risk (CT: OR 0.91, 95% 
CI 0.72-1.17; TT: OR 1.02, 95% CI 0.64-1.64) (36). In-
terestingly, the Leu/Leu genotype, reported as highly 
aggressive form, was not found in our study.

These discrepant results could be attributed to the 
study population, with specific genetic aspects, and the 
sample size. Other potential confounding factors should 
be also considered including the technique used for 
point mutation analysis (e.g., RFLP may have a higher 
rate of false positives vs. DNA sequencing or Real-Time 
PCR assays) (36). In addition, Van Huis-Tanja et al. 
have reported a significant discordance between forma-
lin-fixed, paraffin-embedded tissue and blood genotype 
to assess the polymorphism of GSTP1, another gene im-
plicated in the cellular antioxidant defense (37).

Interestingly, some studies have reported that the 
combination of the GPX1 Pro198Leu polymorphism 
and other point mutations may have a synergistic effect 
on disease risk. In vitro functional analyses indicated 
that the combination of polymorphisms (Ala5/Ala6 and 
Pro198Leu) of the GPX1 gene had a 40% decrease in 
enzyme activity (23). Furthermore, studies of Cox et al. 
on breast cancer clearly showed that GPX1 Por198Leu 
polymorphism was not associated with cancer devel-
opment; but combination with another polymorphism, 
Ala16Ala genotype of MnSOD, was associated with 
significantly increased breast cancer risk (OR 1.87, 95% 
CI 1.09–3.19) (38). 

Moreover, it was reported that gene-environment 
interaction can affect the genotype polymorphism. Of 
obvious interest, it would be to examine more polymor-
phisms and more genes along the same pathway, as well 
as non-genetic variables such as plasma antioxidant lev-
els or lifestyle factors which affect oxidative stress, in-
cluding cigarette smoking, consumption of alcohol and 
dietary antioxidants or supplements. Indeed, accumulat-
ing evidence has demonstrated that not all individuals 
having genetic alterations develop bladder cancer. Dif-
ferences in the occurrence of bladder cancer among per-
sons with the same GPX1 genotype may be attributable 
to carcinogen exposures and dietary factors that have 
been shown to increase carcinogen-derived oxidative 
radicals. Hansen et al. studied whether the GPX1 Pro-
198Leu polymorphism and several lifestyle factors pre-
dict colorectal cancer risk (39). They observed a higher 
risk associated with alcohol consumption and smoking 
among homozygous GPX1 198Leu carriers, with inci-
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dence rate ratios for colorectal cancer of 1.45 (95% CI 
1.17-1.81, p=0.02) per 10g alcohol intake per day and 
2.56 (95% CI 0.99-6.61, p=0.02) among ever smokers 
compared with never smokers at enrolment.

In conclusion, the 198Leu genotype is rare in Mo-
rocco and the GPX1 Pro198Leu polymorphism is not 
associated alone to bladder cancer risk, suggesting that 
the effect of this polymorphism on bladder cancer de-
velopment is a result of a combination with other genes’ 
polymorphisms or other non-genetic variables such as 
diet and lifestyle factors. Other genetic and epigenetic 
alterations disturbing the redox homeostasis in bladder 
tumors in our specimens are under investigation in our 
laboratory.

References 

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal 
A. Global Cancer Statistics 2012.CA Cancer J Clin. 2015;65:87–
108.
2. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers 
C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer incidence and 
mortality worldwide: Sources, methods and major patterns in GLO-
BOCAN 2012. Int J Cancer. 2015;136:359–86.
3. Tazi MA, Er-Raki A, Benjaafar N. Incidence des cancers à Rabat 
2006-2008. Registre des cancers de Rabat. Ed 2012.
4. Benider A, Harif M, Karkouri M, Quessar A, Sahraoui S, Squalli 
S. Registre des cancers de la région du grand casablanca 2005-2007. 
Ed 2012.
5. Colombel M, Soloway M, Akaza H, Böhle A, Palou J, Buckley 
R, Lamm D, Brausi M, Witjes JA, Persad R. Epidemiology, Staging, 
Grading, and Risk Stratification of Bladder Cancer. Eur Urol Sup-
plements. 2008;7:618–26.
6. Pasin E, Josephson DY, Mitra AP, Cote RJ, Stein JP. Superficial 
Bladder Cancer: An Update on Etiology, Molecular Development, 
Classification, and Natural History. Rev Urol. 2008;10(1):31–43.
7. Chopin D, Vordos D, Gattegno B. Tumeurs Superficielles de la 
Vessie : Etiologies. Progrès en Urologie. 2001; 11(5):925–52.
8. Wilkens LR, Kadir MM, Kolonel LN, Nomura AMY, Hankin 
JH. Risk Factors for Lower Urinary Tract Cancer: The Role of Total 
Fluid Consumption, Nitrites and Nitrosamines, and Selected Foods.  
Cancer Epidemiol Biomarkers Prev. 1996;5:161–6.
9. Mohanty P, Hamouda W, Garg R, Aljada A, Ghanim H, Dandona 
P. Glucose challenge stimulates reactive oxygen spices (ROS) gen-
eration by leucocytes. JCE & M. 2000;85(8):2970–3.
10. Cerutti P, Ghosh R, Oya Y, Amstad P. The Role of the Cellu-
lar Antioxidant Defense in Oxidant Carcinogenesis. Environ Health 
Perspect. 1994;102(10):123–29.
11. Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free 
radicals, metals and antioxidants in oxidative stress-induced cancer. 
Chemico-Biological Interactions. 2006;160:1–40.
12. Birden E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O. 
Oxidative stress and antioxidant defense. World Allergy Organ J. 
2012;5(1):9–19.
13. Arthur JR. The glutathione peroxidases. CMLS, Cell. Mol Life 
Sci. 2000;57:1825–35.
14. Kiss C, Li J, Szeles A, Gizatullin RZ, Kashuba VI, Lushnikova 
T, Protopopov AI, Kelve M, Kiss H, Kholodnyuk ID, Imreh S, Klein 
G, Zabarovsky ER. Assignment of the ARHA and GPX1 genes to 
human chromosome bands 3p21.3 by in situ hybridization and with 
somatic cell hybrids. Cytogenet Cell Genet. 1997;79:228–30.
15. Ishida K, Morino T, Takagi K, Sukenaga Y. Nucleotide sequence 
of a human gene for glutathione peroxidase. Nucleic Acids Res. 
1987;15:10051.

16. Takata Y, King IB, Lampe JW, Burk RF, Hill KE, Santella RM, 
Kristal AR, Duggan DJ, Vaughan TL, Peters U. Genetic variation in 
GPX1 is associated with GPX1 activity in a comprehensive analysis 
of genetic variations in selenoenzyme genes and their activity and 
oxidative stress in humans. J Nutr. 2012;142:419–26.
17. Bastaki M, Huen K, Manzanillo P, Chande N, Chen C,Balmes 
JR, Tager IB, Holland N. Genotype-activity relationship for Mn-
superoxide dismutase, glutathione peroxidase1 and catalase in hu-
mans. Pharmacogenet Genomics. 2006;16:279–86.
18. Jablonska E, Gromadzinska J, Reszka E, Wasowicz W, Sobala 
W, Szeszenia-Dabrowska N, Boffetta P. Association between GPx1 
Pro198Leu polymorphism, GPx1 activity and plasma selenium con-
centration in humans.Eur J Nutr. 2009;48(6):383–6.
19. Ravn-Haren G, Olsen A,Tjønneland A, Dragsted LO, Nexø BA, 
Wallin H, Overvad K, Raaschou-Nielsen O, Vogel U. Associations 
between GPX1 Pro198Leu polymorphism, erythrocyte GPX activ-
ity, alcohol consumption and breast cancer risk in a prospective co-
hort study. Carcinogenesis. 2006;27(4):820–25.
20. Hu YJ, Diamond AM. Role of Glutathione Peroxidase 1 in 
Breast Cancer: Loss of Heterozygosity and Allelic Differences in 
the Response to Selenium. Cancer Research. 2003;63:3347–51.
21. Ratnasinghe D, Tangrea JA, Andersen MR, Barrett MJ, Virtamo 
J, Taylor PR, Albanes D. Glutathione Peroxidase Codon 198 Poly-
morphism Variant Increases Lung Cancer Risk. Cancer Research. 
2000;60:6381–3.
22. Lee CH, Lee KY, Choe KH, Hong YC, Eom SY, Ko YJ, Zhang 
YW, Yim DH, Kang JW, Kim H, Kim YD. Effects of oxidative DNA 
damage and genetic polymorphism of the glutathione peroxidase 1 
(GPX1) and 8-oxoguanine glycosylase1 (hOGG1) on lung cancer. 
JPrev Med Public Health. 2006;39(2):130–4.
23. Hamanishi T, Furuta H, Kato H, Doi A, Tamai M, Shimomura 
H, Sakagashira S, Nishi M, Sasaki H, Sanke T, Nanjo K. Functional 
Variants in the Glutathione Peroxidase-1 (GPx-1) Gene Are Asso-
ciated With Increased Intima-Media Thickness of Carotid Arteries 
and Risk of Macrovascular Diseases in Japanese Type 2 Diabetic 
Patients. Diabetes. 2004; 53(9):2455–60.
24. Cox DG, Hankinson SE, Kraft P and Hunter DJ. No Association 
between GPX1 Pro198Leu andBreast Cancer Risk. Cancer Epide-
miol Biomarkers Prev. 2004;13(11):1821–2. 
25. Ahn J, Gammon MD, Santella RM, Gaudet MM, Britton JA, 
Teitelbaum SL, Terry MB, Neugut AI, Ambrosone CB. No As-
sociation Between Glutathione Peroxidase Pro198Leu Polymor-
phism and Breast Cancer Risk. Cancer Epidemiol Biomarkers Prev. 
2005;14(10):2459–61.
26. Cebrian A, Pharoah PD, Ahmed S, Smith PL, Luccarini C, 
Luben R, Redman K, Munday H,Easton DF,Dunning AM, Ponder 
BAJ. Tagging Single-Nucleotide Polymorphisms in Antioxidant 
Defense Enzymes and Susceptibility to Breast Cancer. Cancer Res. 
2006;66(2):1225–33.
27. Parlaktas BS, Atilgan D, Gencten Y, Benli I, Ozyurt H, Uluocak 
N, Fikret Erdemir F. A pilot study of the association of manganese 
superoxide dismutase and glutathione peroxidase 1 single gene poly-
morphisms with prostate cancer and serum prostate specific antigen 
levels. Arch Med Sci. 2015;5:994–1000.
28. Liwei L, Wei Z, Ruifa H, Chunyu L. Association between ge-
netic variants in glutathione peroxidase1 gene and risk of prostate 
cancer: a meta-analysis. Mol Biol Rep. 2012;39(9):8615–9.
29. Erdem O, Akay C, Arsova-Sarafinovska Z, Matevska N, Su-
turkova L, Erten K, Özgök Y, Dimovski A, Sayal A, Aydin A. As-
sociation of GPX1 polymorphism, GPX activity and prostate cancer 
risk.Hum ExpToxicol. 2012;31(1):24–31.
30. Hansen R, Saebø M, Skjelbred CF, Nexø BA, Hagen PC, Bock 
G, BowitzLothe IM, Johnson E, Aase S, Hansteen IL, Vogel U, Kure 
EH. GPX Pro198Leu and OGG1 Ser326Cys polymorphisms and 



43

.K. Hadami et al. 2016 | Volume 62 | Issue 14

risk of development of colorectal adenomas and colorectal cancer. 
Cancer Lett. 2005;229(1):85–91.
31. Ichimura Y, Habuchi T, Tsuchiya N, Wang L, Oyama C, Sato 
K, Nishiyama H, Ogawa O, Kato T. Increased risk of bladder cancer 
associated with a glutathione peroxidase1 codon 198 variant. J Urol. 
2004;172(2):728–32.
32. Paz-y-Miño C, Muñoz MJ, López-Cortés A, Cabrera A, Palacios 
A, Castro B, Paz-y-Miño N, Sánchez ME. Frequency of polymor-
phisms pro198leu in GPX-1 gene and ile58thr in MnSOD gene in 
the altitude Ecuadorian population with bladder cancer. Oncol Res. 
2010;18(8):395–400.
33. Kucukgergin C, Sanli O, Amasyalı AS, Tefik T, Seckin S. Ge-
netic variants of MnSOD and GPX1 and susceptibility to bladder 
cancer in a Turkish population. Med Oncol. 2012;29(3):1928–34.
34. Men T, Zhang X, Yang J, Shen B, Li X, Chen D, Wang J. The 
rs1050450 C > T polymorphism of GPX1 is associated with the risk 
of bladder but not prostate cancer: evidence from a meta-analysis. 
Tumour Biol. 2014;35(1):269–75.
35. Cao M, Mu X, Jiang C, Yang G, Chen H, Xue W. Single-nu-
cleotide polymorphisms of GPX1 and MnSOD and susceptibility 
to bladder cancer: a systematic review and meta-analysis. Tumour 
Biol. 2014;35(1):759–64.

36. Goerlitz D, El Daly M, Abdel-Hamid M, Saleh DA, Goldman L, 
El Kafrawy S, Hifnawy T, Ezzat S , Abdel-Aziz MA, Saad Zaghloul 
M , Ali Saber R, Khaled H, Amr S, Zheng YL, Mikhail N, Loff-
redo C. GSTM1, GSTT1 Null Variants, and GPX1 Single Nucleo-
tide Polymorphism Are Not Associated with Bladder Cancer Risk in 
Egypt. Cancer Epidemiol Biomarkers Prev.  2011;20:1552–4.
37. Van Huis-Tanja L , Kweekel D, Gelderblom H, Koopman 
M, Punt K, Guchelaar HJ, Van der Straaten T. Concordance of 
genotype for polymorphisms in DNA isolated from peripheral 
blood and colorectal cancer tumor samples. Pharmacogenomics. 
2013;14(16):2005–12. 
38. Cox DG, Tamimi RM, Hunter DJ. Gene × Gene interaction be-
tween MnSOD and GPX-1 and breast cancer risk: a nested case-
control study. BMC Cancer. 2006;6:217.
39. Hansen RD, Krath BN, Frederiksen K, Tjønneland A, Overvad 
K, Roswall N, Loft S, Dragsted LO, Vogel U, Raaschou-Nielsen O. 
GPX1 Pro(198)Leu polymorphism, erythrocyte GPX activity, inter-
action with alcohol consumption and smoking, and risk of colorectal 
cancer. Mutat Res. 2009;664(1-2):13–9.
40. Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, Ab-
net CC. Association between smoking and risk of bladder cancer 
among men and women. JAMA. 2011 ; 306(7):737-45.


