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Summary: Members of the glutathione S-transferase
(GST) superfamily exhibit polymorphic expression. GSTs
are investigated as biomarkers of risk for various cancers,
including renal cell carcinoma (RCC). The aim of this study
was to test the association between GSTM7 and GSTT1
polymorphism and susceptibility to RCC, independently or
in conjunction with known risk factors. Genomic DNA was
isolated from 182 controls and 76 patients with RCC.
GSTM1 and GSTT1 genotypes were determined by
multiplex PCR. Data obtained were analyzed with respect
to RCC risk factors including smoking and occupational
exposure. The frequency of GSTM7-null genotype was
higher in patients with RCC (60.5%) compared to controls
(47.2%). GSTT71-null genotype was found in 28.6%
controls and 27.6% of cases. GSTM 7-null individuals ex-
hibit 1.9-fold increased risk of RCC (95% Cl: 1.06-3.33).
The presence of GSTT 1 active genotype was associated with
increased risk of RCC in occupationally exposed subjects
when unexposed GSTT7-null subjects were used as a
comparison group (OR: 2.48; 95% Cl: 1.05-5.86). No
association was found between the inactive form of GSTM1
and GSTT1 and smoking in RCC patients. In a Serbian
cohort of patients, the presence of a GSTM 7 active genotype
is protective against RCC, whereas a GSTT 7 active genotype
increases RCC risk in occupationally exposed subjects.
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Kratak sadrzaj: Genetski polimorfizam je prisutan kod
mnogih ¢lanova superfamilije glutation-S transferaza. U
toku su istrazivanja koja ispituju ulogu GST kao biomarkera
za nastanak razli¢itih karcinoma, uklju¢ujuéi karcinom bu-
breznog parenhima (KBP). U ovoj studiji je ispitivana uloga
GSTM1 i GSTT1 polimorfizma u nastanku KBP, nezavisno
ili udruzeno sa poznatim faktorima rizika za ovaj karcinom.
DNK je izolovana iz krvi 182 kontrolna subjekta i 76
bolesnika sa KBP. Polimorfizam GSTM1 i GSTT1 je odre-
divan metodom PCR-a. Dobijeni rezultati su analizirani u
odnosu na faktore rizika za KBP uklju¢ujudi pusenje i
profesionalnu izlozenost. Uéestalost GSTM 7-nultog geno-
tipa je bila visa kod bolesnika sa KBP (60,5%) nego kod
kontrola (47,2%). Prisustvo GSTT 71-nultog genotipa je
utvrdeno kod 28,6% kontrola i 27,6% bolesnika sa KBP
Nosioci GSTM 71-nultog genotipa imaju 1.9-puta vedi rizik
za KBP (95% Cl: 1,06-3,33). Prisustvo GSTT1 aktivhog
genotipa je udruzeno sa povecanim rizikom za KBP kod
profesionalno izlozenih subjekata kada su kao referentna
grupa uzeti neizloZeni nosici GSTT 7-nultog genotipa (OR:
2,48; 95% Cl: 1,05-5,86). Nije otkrivena povezanost
izmedu nedostatka aktivne forme GSTM17 i GSTT1 i puse-
nja kod obolelih od KBP Studija izvedena u Srbiji je poka-
zala da prisustvo GSTM1 aktivnog genotipa §titi od na-
stanka KBP, dok prisustvo GSTT7 aktivnog genotipa
povecava rizik kod profesionalno izloZenih osoba.

Kljuéne reci: faktori rizika, glutation S-transferaze, karci-
nom bubreznog parenhima, polimorfizam

List of non-standard abbreviations: GST — glutathione S-trans-
ferase; RCC - renal cell carcinoma; OR — odds ratio, Cl —
confidence interval
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Introduction

Renal cell carcinoma (RCC) represents about
3% of all tumours in adults, with an increasing
incidence in Europe (1) as well as in the United States
(2). The etiology of RCC remains unclear, though
epidemiological studies indicate that obesity (3), high
blood pressure (4), smoking (5) and occupational
exposure to chemicals (such as organic solvents,
metals and pesticides) (6-8) may play a role in the
development of this tumour.

Cytosolic glutathione S-transferases (GSTs) are a
superfamily of enzymes that protect normal cells by
catalyzing the conjugation of electrophilic com-
pounds, including carcinogens, to glutathione, which
decreases their toxicity and facilitates their excretion
from the body (9). Cytosolic GSTs are divided into
several classes on the basis of their primary structure
(9). The best characterized classes have been named
alpha (GSTA), mu (GSTM), pi (GSTP) and theta
(GSTT); each class contains several isoenzymes.
Several types of allelic variation have been identified
within classes, with that in the genes GSTM1 and
GSTT1 bhaving the most clinical significance. Indi-
viduals homozygous for the GSTM7*0 and GSTT 1*0
alleles (frequently referred to as GSTM7-null and
GSTT1-null genotypes) exhibit loss of GSTM1 and
GSTT1 enzymatic activity. The GSTM7-null and
GSTT1-null genotypes are present in 50% and
11-18% of white populations, respectively (10-13).

GSTs are involved in the biotransformation of
several compounds recognized as risk factors for RCC
(9, 14). Namely, the carcinogenic metabolites of
environmental pollutants and tobacco smoke (i.e.
polycyclic aromatic hydrocarbon diol-epoxides) are
detoxified by the members of GSTA, GSTM and GSTP
classes (11, 15). GSTT1 substrates include halo-
genated solvents formed endogenously from ethane,
which is also present at high levels in cigarette smoke
(16). Not all reactions catalyzed by GST enzymes
result in detoxification; for example, conjugation of
certain compounds catalyzed by GSTT, such as tert-
butylhydroquinone and trichloroethene, produces
mutagenic species (17, 18).

As differential GST expression markedly influ-
ences the anticarcinogenic potential of tissues, GSTs
are currently being investigated as biomarkers of risk
for various cancers, including RCC. However, results
from the previous studies of GST polymorphisms and
RCC have been inconsistent (3, 19). Furthermore,
according to the latest results of Karami et al. it seems
that occupational exposure to pesticides is the only
confirmed risk factor for RCC. The data regarding the
role of GST polymorphism, independently or in com-
bination with environmental agents, in the develop-
ment of RCC, are lacking in Serbia. Therefore, the aim
of the present study was to investigate whether GSTM 1
and GSTT1 polymorphisms modify smoking and
occupational exposure-related RCC risk in a small
hospital-based case — control study in Belgrade, Serbia.

Materials and Methods
Study participants

Seventy six patients (mean age 60.4+12.01)
with a histologically confirmed diagnosis of RCC were
enrolled from the Clinic of Urology and Nephrology,
Clinical Centre of Serbia, between the year of 2007
and 2009. The control group included 182 patients
(mean age 56.2%=11.2) with kidney stones, randomly
selected from the same Clinic within the same period.
The study protocol was approved by the Ethics
Committee of the Faculty of Medicine, University of
Belgrade, Serbia, and was performed in conformance
with the Declaration of Helsinki ethical guidelines
(1983). All subjects gave their written and informed
consent. Cases and controls were interviewed using a
structured questionnaire identifying the socio-demo-
graphic variables, including smoking habits and
occupational and medical histories. Concerning the
smoking status, both cases and controls were dicho-
tomized into »ever« and »never« groups. Regarding
the exposure, both cases and controls were dicho-
tomized into »exposed« and »unexposed«. The ex-
posed group comprised subjects occupationally
exposed for one year or more to at least one of the
categories of agents (solvents, metals and pesticides)
known to be associated with RCC.

Genotyping

The genotypes of GSTM7T and GSTT1 were
characterized on DNA isolated from lymphocytes of
whole peripheral venous blood by a commercial kit
(Qiagen DNA mini kit). Genetic polymorphisms were
determined by the multiplex PCR-based method of
Garcia-Closas et al. (20). Three sets of primers were
used to amplify a 215 bp sequence of the GSTM1
gene, a 312 bp sequence of the CYPTA7 gene and a
480 bp segment of the GSTT7 gene. Presence or
absence of the CYP1A 7 lane has been used as an inner
control for failed PCR and its conditions. The PCR
primers for GSTM1 gene were: forward primer 5'-
CTGCCCTACTTGATTGATGGG-3’ and reverse primer
5'-CTGGATTGTAGCAGATCATGC-3’, for GSTT 1 gene:
forward primer 5'-TTCCTTACTGGTCCTCACATCTC-3’
and reverse primer 5’-TCACGGGATCA TGGCCAGCA-
3’. Control primers for the CYP 1A gene were: forward
primer 5'-GAACTGCCACTTCAGCTGTCT-3" and re-
verse primer 5-CAGCTGCATTTGGAAGTGCTC-3". To
determine successful amplification, the PCR products
were separated by electrophoresis in TBE buffer on a
2.2% agarose gel and visualized with ethidium bromide
by a UV transilluminator on 302 nm.

Statistical analysis

The chi-square test was applied to compare the
distributions of the GSTM1 and GSTT1 genotypes
and socio-demographic variables. The p value was
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regarded as significant if it did not exceed 0.05.
Logistic regression was used to estimate the odds
ratio (OR) along with 95% confidence intervals (95%
Cl). Significantly increased ORs were referred to
when the lower confidence interval exceeded 1.00.
Also, significantly decreased ORs were referred to
when the upper confidence interval did not exceed
1.00. In the analysis of the gene — smoking inter-
action, we used never smokers bearing either the
GSTM 1 or GSTT 1 active genotype (at least one allele
present) as a reference group. In the analysis of gene-
occupational exposure interaction, we used non-
exposed subjects (that is, those not exposed to sol-
vents, metals and pesticides) bearing either the
GSTM1-null or GSTT1-null genotype as the refe-
rence. All analyses were performed using the sta-
tistical package SPSS for Windows (Version 15.0).

Results

Demographic and clinical characteristics of the
study participants are presented in Table I. As shown,
renal cell carcinoma patients and respective controls
did not differ with respect to age, sex, smoking and hy-
pertension. However, the cases were more often occu-
pationally exposed than the controls. The prevalence of
being occupationally exposed to either organic
solvents, metals or pesticides was 31.6% among the
cases and 14.3% among controls (Table 1). RCC risk
was 2.8-fold elevated among the occupationally
exposed subjects compared with those never exposed
(Table 1) and was not substantially altered after
adjustment for BMI, age, sex and hypertension.

The distribution of GST polymorphisms among
the cases and controls is presented in Table II. The

Table | Characteristics of patients with renal cell carcinoma and controls.

RCC patients n (%) | Controls n (%) | OR | 95% ClI | P trend
Gender
Male 48 (63.2%) 103 (56.6%) 1.0
Female 28 (36.8%) 79 (43.4%) 0.76 0.44-1.32 > 0.05
BMI
18.51 = 24.9 32 (42.1%) 76 (41.7%) 1.00
25 <299 33 (43.4%) 72 (39.6%) 1.09 0.61-1.95
=30 9 (11.8%) 32 (17.6%) 0.67 0.29-1.56 > 0.05
Smoking status
Never 35 (46.1%) 82 (45.1%) 1.00
Ever 41 (53.9%) 100 (54.9%) 0.96 0.56-1.64 > 0.05
Blood pressure
Normal 54 (71.1%) 146 (80.2%) 1.00
Increased 22 (28.9%) 36 (19.8%) 1.65 0.89-3.2 > 0.05
Ocupational exposure*
No 52 (68.4%) 156 (85.7%) 1.00
Yes 24 (31.6%) 26 (14.3%) 2.77 1.46-5.24 0.01

RCC - renal cell carcinoma; BMI — body mass index
* Exposed to solvents, metals and pesticides

Table Il Distribution of GSTM7 and GSTT 1 genotype in patients with RCC and controls.

GST status Cases n (%)

Controls n (%) OR (95%Cl)

GSTM1

GSTM1 active (present)? 30 (39.5%)

96 (52.8%) 1.0 (reference group)

GSTM1 inactive (null)b 46 (60.5%)

86 (47.2%) 1.88 (1.06-3.33)

P —trend ¢

0.031

GSTT1

GSTT 1 active (present)2 55 (72.4%)

130 (71.4%) 1.0 (reference group)

GSTT1 inactive (null)P 21 (27.6%)

52 (28.6%) 1.49 (0.66-3.34)

P — trendc

0.813

Adjusted for age, sex, smoking and occupational exposure.
aActive (present), if at least one active allele is present.
blnactive (null), if no active alleles are present.

CP-value for interaction using the likelihood ratio test.

OR — odds ratio, Cl — confidence interval
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main effect for RCC risk associated with the null com-
pared with the active GSTM1 genotype was stati-
stically significant for the GSTM1 genotype (OR:
1.88; 95% Cl: 1.06-3.33) (Table II). However, no
significant effect was observed for the association
between GSTT7 genotype and RCC risk (OR: 1.49;

95% Cl: 0.66-3.34) (Table II).

Although smoking was not associated with
increased risk of RCC in this study, the combined

effect of smoking and both GST genotypes was
analyzed due to the fact that carcinogenic compo-
nents of tobacco smoke are metabolized via the
GSTM1 or GSTT1 pathway. The joint effects of smo-
king and both GST genotypes are shown in Table Ill.
No associations were observed between smoking and
the GSTM 1 or GSTT 1 genotype regarding RCC risk.

Table IV shows the joint effects of both GST
genotypes and occupational exposure on RCC risk.

Table Il Combined effect of smoking and GSTM 7 or GSTT 1 genotype on risk of RCC.

GST and smoking status

Cases n (%)

Controls n (%) OR (95%Cl)

GSTM1

GSTM1 active (present) / non-smokers

18 (23.7%)

36 (19.8%) 1.00 (reference group)

GSTM 1 inactive (null) / non-smokers

17 (22.3%)

46 (25.2%) 0.78 (0.33-1.88)

GSTM1 active (present) / smokers (ever)

12 (15.8%)

60 (33%) 0.38 (0.15-0.99)

GSTM1 inactive (null) / smokers (ever)

29 (38.2%)

40 (22%) 1.49 (0.66-3.39)

P — interaction¢

0.008

GSTT1

GSTT1 active (present) / non-smokers

26 (34.2%)

57 (31.3%) 1.00 (reference group)

GSTT 1 inactive (null) / non-smokers

9 (11.8%)

25 (13.7%) 1.03 (0.38-2.81)

GSTT1 active (present) / smokers (ever)

29 (38.2%)

73 (40.2%) 0.97 (0.49-1.91)

GSTT1 inactive (null) / smokers (ever)

12 (15.8%)

27 (14.8%) 1.03 (0.38-2.81)

P — interaction¢

0.946

Adjusted for age, sex, and occupational exposure.

aActive (present), if at least one active allele is present.

blnactive (null), if no active alleles are present.

CP — value for interaction using the likelihood ratio test.

OR - odds ratio, Cl — confidence interval

Table IV Combined effect of occupational exposure and GSTM 7 or GSTT 1 genotype on risk of RCC.

GST and occupational exposure

Cases n (%)

Controls n (%) OR (95%Cl)

GSTM1

GSTM1 inactive (null) / no exposure

34 (44.7%)

72 (39.6%) 1.00 (reference group)

GSTM1 active (present) / no exposure

18 (23.7%)

84 (46.2%) 0.37 (0.18-0.75)

GSTM1 inactive (null) / exposure

12 (15.8%)

14 (7.7%) 1.54 (0.62-3.84)

GSTM1 active (present) / exposure

12 (15.8%)

12 (6.6%) 1.83 (0.71-4.70)

P — interaction ¢

0.001

GSTT1

GSTT1 inactive (null) / no exposure

17 (22.4%)

46 (25.3%) 1.00 (reference group)

GSTT1 active (present) / no exposure 35 (46%) 110 (60.4%) 0.76 (0.38-1.53)
GSTT1 inactive (null) / exposure 4 (5.3%) 6 (3.3%) 1.05 (0.21-5.18)
GSTT1 active (present) / exposure 20 (26.3%) 20 (11%) 2.48 (1.05-5.86)

P — interaction ¢

0.02

Adjusted for age, sex and smoking.

aActive (present), if at least one active allele is present.

blnactive (null), if no active alleles are present.

¢P — value for interaction using the likelihood ratio test.

OR — odds ratio, Cl — confidence interval
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After consideration of occupational exposure, a signi-
ficantly increased risk was observed only among the
occupationally exposed subjects with the GSTT71
active genotype (OR: 2.48; 95% CI: 1.05-5.86),
whereas no excessive risk was observed for the un-
exposed subjects with an active genotype (OR: 0.76;
95% Cl: 0.38-1.53) or exposed subjects with an
inactive genotype (OR: 1.05; 95% Cl. 0.21-5.18)
when compared with unexposed subjects with the
inactive genotype. However, concerning the effect of
the GSTM1 genotype, a significant effect was ob-
tained only for the GSTM 1 active unexposed subjects
who exhibited lower risk of RCC when compared with
the GSTM 1 inactive unexposed persons (OR: 0.37;
95% Cl: 0.18-0.75). Occupationally exposed GSTM 1
active subjects had a 1.8-fold higher risk of RCC
when compared with the GSTM 7 inactive unexposed
persons. However, this effect was not statistically
significant (95% CI: 0.71-4.70) (Table IV).

Discussion

The results of this study showed that the dele-
tion polymorphism of GSTM 7 has an impact on RCC
risk. Namely, GSTM 7-null individuals exhibit a 1.9-fold
increased risk of RCC. On the other hand, the GSTT 1
genotype modifies the risk of RCC depending on the
type of exposure. Presence of the GSTT 7 active geno-
type was associated with increased risk of RCC in the
occupationally exposed subjects when the unexposed
GSTT 1-null subjects were used as a comparison group.

The frequency of GSTM 7-null genotypes in the
control population (47.2%) in the present study was
similar to what was published previously in meta-
analyses and pooled analyses among Caucasians
(21-23). However, the frequency of GSTT7-null
genotype in our cohort (27.6%) was higher than the
values reported among Caucasians (18.1%) (24).

Results from the previous studies of GST poly-
morphisms and RCC have been inconsistent. Our pre-
liminary results on the effect of GSTM 7-null genotype
in a Serbian cohort of RCC patients are in contrast
with the data of several investigators (25) who did not
find any differences in the distribution of the GSTM 17
genotype between RCC cases and controls. Various
types of cancer including lung, larynx, stomach, colon
and urinary bladder are more frequent among
individuals with the GSTM7-null genotype (26).
Findings obtained in this study speculate for the role of
a common variation within the GSTM 7 gene to modify
the cancer risk. Additional studies with detailed
information not only on specific types of exposures but
also on geographical distribution of patients would be
important to confirm such an assumption.

The data regarding an association between the
GSTT1 polymorphism and RCC risk are also
conflicting. Our results, that the presence of an active
GSTT1 genotype modifies the risk of RCC in occu-
pationally exposed subjects, are similar to those of
Buzio et al. (3) and Karami et al. (27) who reported

an increased risk of RCC in participants occupa-
tionally exposed to pesticides with active GSTM 7 and
GSTT1 genotypes. However, the USA study of 130
renal cancer cases and 505 controls found a signi-
ficant increase in RCC risk among unexposed subjects
with the GSTT 7-null genotype (2). A French case-con-
trol study (173 RCC and 211 controls) did not observe
an effect modified by genotype (28). The effect of
GSTT 1 genotype might vary according to the patterns
of exposure to environmental risk factors for RCC. As
already mentioned, in individuals exposed to metals
and pesticides, the GSTT 7 positive genotype was also
associated with an increased risk for RCC. Briining et
al. (18) suggested that high occupational exposure to
the solvent trichloroethene also increased the risk for
RCC among GSTT 1 positive individuals. More recent
investigation by the same group could not confirm
these findings. These inconsistencies may be attri-
butable to several aspects of design, such as sample
size or misclassification of exposures. All studies to
date, including ours, have been underpowered to
observe the main effects and interactions and have
failed to identify the exact types of occupational
exposures.

The finding that elevated RCC risk was only
observed among individuals with active GST
genotypes is biologically plausible. The GST enzyme
is required for the metabolism of some groups of
compounds through GST conjugation and excretion
(28, 29). Generally, conjugation of foreign com-
pounds with glutathione leads to the formation of less
reactive products that are readily excreted. However,
in specific tissues and with certain exposures, the
glutathione conjugate is more reactive than the
parent compound and there is evidence that this is
particularly true in the kidney (11, 30). For halo-
genated compounds, in particular, the glutathione
conjugate mediated by the GST serves as a substrate
for a subsequent enzyme, renal cysteine conjugate
beta-lyase (31). Metabolism occurs in the kidney and
has been shown to form reactive chlorothioketones
that are directly damaging to the kidney. Therefore,
an active GST enzyme will be required to conjugate
substrates and form more reactive intermediates that
directly damage kidney tissues. Conversely, the
deleted variant GST genotype will form an inactive
enzyme, and therefore the metabolism of haloge-
nated compounds will occur through oxidation,
without the formation of reactive intermediates in the
kidney (11, 32-35). The same mechanism of GSTT"
dependent bioactivation might be responsible for
increased risk of upper urothelial tumors and urinary
bladder tumors (36).

In conclusion, the results of this study suggest
that occupational exposures may increase RCC risk.
Active GSTT1 variant significantly modified the RCC
risk among participants occupationally exposed to orga-
nic solvents, metals and pesticides, whereas the active
GSTM1 genotype significantly decreased the RCC risk
among unexposed subjects. Additional studies with
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detailed information on specific types of exposures and
larger numbers of exposed subjects will be important to
replicate and extend these findings.

Acknowledgments: This work was supported by

a grant (145009DJ) from the Serbian Ministry of
Science and Technological Development.

References

1.

10.

11.

12.

13.

La Vecchia C, Negri E, Levi F. Increasing incidence of
renal cell cancer. JAMA 999; 282: 2120-1.

. Chow WH, Devesa S, Warren J, Fraumeni JF Jr. Rising

incidence of renal cell cancer in the United States.
JAMA 1999; 281: 1628-31.

. Chow WH, Gridley G, Fraumeni JF Jr, Jarvholm B.

Obesity, hypertension and the risk of kidney cancer in
men. N Engl J Med 2000; 343 (18): 1305-11.

. Mc Laughlin JK, Blot WJ, Devesa SS, Fraumeni JF Jr.

Renal Cancer. In: Schottenfeld D, Fraumeni JF Jr. eds,
Cancer Epidemiology and Prevention, Ed.2, pp. 1142—
1155. New York: Oxford University Press 1996.

. McCredie M, Stewart JH. Risk factors for kidney cancer

in New South Wales. |. Cigarette smoking. Eur J Cancer
1992; 28A (12): 2050-4.

. Pesch B, Hearting J, Ranft U, Klimpel A, Oelschlaegel

B, Schill W. Occupational risk factors for renal cell
carcinoma: agent-specific results from a case-control
study in Germany. Int J Epidemiol 2000; 29 (6):
1014-24.

. Parent ME, Hua Y, Siemiatycki J. Occupational risk

factors for renal cell carcinoma in Montreal. Am J Ind
Med 2000; 38 (6): 609-18.

. Mellemgaard A, Engholm G, McLaughlin JK, Olsen JH.

Occupational risk factors for renal-cell carcinoma in
Denmark. Scand J Work Environ Health 1994; 20 (3):
160-5.

. Hayes JD, Strange RC. Glutathione S-transferase

polymorphisms and their biological consequences.
Pharmacology 2000; 61 (3): 154-66.

Seidegard J, Vorachek W, Pero R, Pearson W.
Hereditary difference in the expression of the human
glutathione S-transferase active on trans-stilbene oxide
are due to a gene deletion. Proc Natl Acad Sci USA
1988; 85 (19): 7293-7.

Sweeney C, Farrow DC, Schwartz SM, Eaton DL,
Checkoway H, Vaughan TL. Glutathione S-transferase
M1, T1, and P1 polymorphisms as risk factors for renal
cell carcinoma: a case-control study. Cancer Epidemiol
Biomarkers Prev 2000; 9 (4): 449-54.

Pemble S, Schroeder KR, Spencer SR, Meyer DJ, Hal-
lier E, Bolt HM, et al. Human glutathione S-transferase
theta (GSTT1): cDNA cloning and the characterization
of a genetic polymorphism. Biochem J 1994; 300 (Pt
1): 271-6.

Wiencke JK, Pemble S, Ketterer B, Kelsey KT. Gene
deletion of glutathione S-transferase theta: correlation

Conflict of interest statement

The authors stated that there are no conflicts of

interest regarding the publication of this article.

14.

15.

17.

18.

19.

20.

21.

22.

23.

with induced genetic damage and potential role in
endogenous mutagenesis. Cancer Epidemiol Biomar-
kers Prev 1995; 4 (3): 253-9.

Their R, Golka K, Bruning T, Ko Y, Bolt HM. Genetic
susceptibility to environmental toxicants: the interface
between human and experimental studies in the

development of new toxicological concepts. Toxicol Lett
2002; 127 (1-3): 321-7.

Coles FB, Kadlubar FF. Human alpha class glutathione
S-transferases: genetic polymorphism, expression, and
susceptibility to disease. Methods Enzymol 2005; 401:
9-42.

. Hayes JD, Pulford DJ. The glutathione S-transferase

supergene family: regulation of GST and the contri-
bution of the isoenzymes to cancer chemoprotection
and drug resistance. Crit Rev Biochem Mol Biol 1995;
30 (6): 445-600.

Peters MM, Rivera MI, Jones TW, Monks TJ, Lau SS.
Glutathione conjugates of tert-butyl-hydroquinone, a
metabolite of the urinary tract tumor promoter 3-tert-
butyl-hydroxyanisole, are toxic to kidney and bladder.
Cancer Res 1996 Mar 1; 56 (5): 1006-11.

Briining T, Sundberg AG, Birner G, Lammert M, Bolt
HM, Appelkvist EL, et al. Glutathione transferase alpha
as a marker for tubular damage after trichloroethylene
exposure. Arch Toxicol 1999; 73 (4-5): 246-54.

Benichou J, Chow WH, Mclaughlin JK, Mandel JS,
Fraumeni JE Population attributable risk of renal cancer
in Minnesota. J Am Epidemiol 1998; 148 (5): 424-30.

Garcia-Closas M, Kelsey KT, Hankinson SE, Spie-
gelman D, Springer K, Willett WC, et al. Glutathione S-
transferase mu and theta polymorphisms and breast
cancer susceptibility. J Natl Cancer Inst 1999; 91 (22):
1960-4.

Garte S, Gaspari L, Alexandrie AK, Ambrosone C,
Autrup H, Autrup JL, et al. Metabolic gene poly-
morphism frequencies in control populations. Cancer
Epidemiol Biomarkers Prev 2001; 10 (12): 1239-48.

Raimondi S, Paracchini V, Autrup H, Barros-Dios JM,
Benhamou S, Boffetta P et al. Meta- and pooled ana-
lysis of GSTT1 and lung cancer: a HUGE-GSEC review.
Am J Epidemiol 2006; 164 (11): 1027-42.

Carlsten C, Sagoo GS, Frodsham AJ, Burke W, Higgins JP
Glutathione S-transferase M1 (GSTM1) polymorphisms
and lung cancer: a literature-based systematic HUGE



J Med Biochem 2010; 29 (3)

210

24.

25.

26.

27.

28.

29.

review and meta-analysis. Am J Epidemiol 2008; 167
(7): 759-74.

Garte S, Gaspari L, Alexandrie AK, Ambrosane C,
Autrup H, Autrup JL, et al. Metabolic gene poly-
morphism frequencies in control populations. Cancer
Epidemiol Biomarkers Prev 2001; 10: 1239-48.

Simi¢ T, Savi¢-Radojevi¢ A, Pliesa-Ercegovac M, Matic¢
M, Sasic T, Dragicevi¢ D, et al. The role of glutathione
S-transferases in urinary tract tumours. Journal of Medi-
cal Biochemistry 2008; 27 (3): 360-6.

Simi¢ T, Savi¢-Radojevi¢ A, Plje$a-Ercegovac M, Mati¢
M, Mimié-Oka J. Glutathione S-transferases in kidney
and urinary bladder tumors. Nat Rev Urol 2009; 6 (5):
281-9.

Karami S, Boffeta B Rothman N, Hung RJ, Stewart T,
Zaridze D, et al. Renal cell carcinoma, occupational
pesticide exposure and modification by glutathione
S/transferase polymorphism. Carcinogenesis 2008; 29
(8): 1567-71.

Longuemaux S, Deloménie C, Gallou C, Méjean A,
Vincent-Viry M, Bouvier R, et al. Candidate genetic
modifiers of individual susceptibility to renal cell carci-
noma: a study of polymorphic human xenobiotic-meta-
bolizing enzymes. Cancer Res 1999; 59 (12): 2903-8.

Moore LE, Brennan B Karami S, Hung RJ, Hsu
C, Boffetta P Toro J, et al. Glutathione S-transferase
polymorphisms, cruciferous vegetable intake and
cancer risk in the Central and Eastern Kidney Cancer
Study. Carcinogenesis 2007; 28: 1960-4.

30.

31.

32.

33.

34.

35.

36.

Van Bladeren PJ. Glutathione conjugation as a bioacti-
vation reaction. Chem Biol Interact 2000; 129 (1-2):
61-76.

Harth V, Briining T, Bolt HM. Renal carcinogenicity of
trichloroethylene: update, mode of action, and funda-

mentals for occupational standard setting. Rev Environ
Health 2005; 20 (2): 103-18.

Groves CE, Lock EA, Schnellmann RG. Role of lipid
peroxidation in renal proximal tubule cell death
induced by haloalkene cysteine conjugates. Toxicol
Appl Pharmacol 1991; 107 (1): 54-62.

Dekant W, Vamvakas S, Berthold K, Schmidt S, Wild
D, Henschler D, et al. Bacterial beta-lyase mediated
cleavage and mutagenicity of cysteine conjugates
derived from the nephrocarcinogenic alkenes trichloro-
ethylene, tetrachloroethylene and hexachlorobuta-
diene. Chem Biol Interact 1986; 60 (1): 31-45.

Pekmezovi¢ T. Gene-environment interaction: A ge-
netic-epidemiological approach. Journal of Medical
Biochemistry 2010; 29: 131-4.

Novakovi¢ |, Maksimovié¢ N, Cvetkovi¢ S, Cvetkovi¢ D.
Gene Polymorphisms as markers of disease suscepti-
bility. Journal of Medical Biochemistry 2010; 29:
135-8.

Golka K, Seidel T, Dietrich H, Roth G, Rétzel C, Thier
R, et al. Occupational and non-occupational risk factors
in bladder cancer patients in an industrialized area
located in former East Germany. Aktuelle Urol 2005;
36 (5): 417-22.

Received: May 10, 2010
Accepted: June 27, 2010





