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Background and Aim: Despite recent major advances in leukemia research, the etiopathogenesis of
childhood leukemias remains far elusive. Individual predisposing factors, including polymorphisms in
detoxification enzymes, have been implicated in the molecular pathogenesis and heterogeneity of the
disease. Genetic polymorphisms of glutathione S-transferases (GSTs) that alter enzyme activity could be
an additional factor that increases the risk of acute leukemia, but data are lacking in Argentina. We
assessed the association of GST polymorphisms and the susceptibility to childhood leukemia in Argentina
by conducting an exploratory case-control study and correlated patients’ genotype to clinical and
biological features.
Methods: Deletion polymorphisms in GSTM1 and GSTT1 genes and the single nucleotide polymorphism in
GSTP1 c.313A>G (rs1695; p.105Ile>Val) were genotyped by PCR-RFLP in 36 patients and 133 healthy
individuals.
Results:GSTM1-null genotypewas associated with a lower risk of developing acute leukemia (P= 0.013; OR:
0.31; CI: 0.12–0.80), while GSTP1-GG variants displayed an increased risk (P= 0.01; OR: 3.9; CI: 1.85–8.2).
However, no differences were found for GSTT1 gene.
Conclusion: These preliminary results, to be validated in a larger population from Argentina, suggest that the
development of pediatric leukemia may be differentially influenced by polymorphic variants in GST genes.

Keywords: Glutathione S-transferases, Childhood acute leukemia, Genetic polymorphisms, Leukemia risk

Introduction
Acute leukemia, the most common cancer in children,
is a heterogeneous disease characterized by multiple
chromosome and molecular alterations, which are
specifically associated with diagnosis and prognosis
of both childhood acute lymphoblastic leukemia
(ALL) and acute myeloid leukemia (AML). Within
all childhood leukemia diagnoses, approximately
80% are ALL, 17% AML, and 3% chronic myeloid
leukemias, with some variation in ALL and AML
incidence rates worldwide.1,2 In Argentina, 415 new
cases of pediatric ALL and 104 of AML are recorded
per year according to national childhood cancer regis-
try.3 Although treatment outcome of childhood leuke-
mias has improved toward 5-year event-free survival
rates of 76–86% for ALL and 49–63% for AML, the
mechanisms involved in the etiopathogenesis remain
far elusive.1 Moreover little is known about the

factors that influence an individual’s susceptibility to
de novo leukemia.4 A combination of factors appears
to be necessary for leukemogenesis; all involving
gene–environment interactions.5 Recently, the possible
role of inherited polymorphisms in the pathogenesis
and heterogeneity of the disease has been proposed.6

Moreover, individual predisposing factors, i.e.
genetic polymorphisms in xenobiotic-metabolizing
genes have been identified as risk factors for acute
leukemia.7,8

Glutathione S-transferases (GSTs) are phase II
detoxification enzymes involved in cellular protection
against xenobiotics, carcinogens, and oxidative
stress.9 As non-enzymatic proteins, GSTs can modu-
late signaling pathways that control cell proliferation,
cell differentiation, cell death, and DNA damage pro-
cessing.10 Functional polymorphisms due to complete
deletion of GSTM1 and GSTT1 genes and a single
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nucleotide substitution in GSTP1 c.313A>G (rs1695;
p.105Ile>Val) are common in the general population,
and genotype distribution exhibits striking interethnic
differences.11,12 Full or partial loss of GST activity
may modify the detoxification capacity, which in
turn could cause genome damage leading ultimately
to leukemogenesis.13 Previous studies that evaluated
the association between GST genotypes and leukemia
risk worldwide produced somewhat contradictory
results.14 To our knowledge, data are still lacking in
Argentina. To assess whether GST variants are associ-
ated with susceptibility to childhood leukemias in our
country, we conducted an exploratory case-control
study on 36 patients and 133 healthy controls, both
groups of Argentinian origin. GST variants were
then correlated to patients’ clinical and biological
characteristics.

Materials and methods
Population studied
Peripheral blood samples were obtained from 36 pedi-
atric patients (18 females and 18 males; mean age 8.0
years; range 2–16 years) diagnosed with leukemia at
the Hospital General de Niños, ‘Pedro Elizalde’,
Buenos Aires, Argentina. Patients were classified
according to the criteria of the FAB group in ALL
(26) and AML (10). Three patients have relapsed
and continue in maintenance and two have died due
to disease progression. The clinical–pathological
characteristics of patients are shown in Table 1. In
addition, two groups of unrelated healthy individuals
without medical history of leukemia or cancer were
analyzed. The first cohort included 33 pediatric con-
trols with comparable age (mean 10.86± 1.09, range
1–18 years) and gender distribution (15 females and
18 males) as patients. A random sample of 100 adult
controls (67 males and 33 females; mean age 39.52±
1.30, 25–70 years) was further screened as a validation
set for genotype analysis. Patients and controls were

Argentinians from Buenos Aires city and surrounding
urban area, a central region of Argentina, and had the
same ethnicity. All individuals provided their informed
consent according to institutional guidelines. The
study was approved by the Institutional Ethical
Committee and complies with the International
Declaration of Helsinki.

GSTs genotyping
Genomic DNAwas isolated using standard proteinase
K/phenol/chloroform or salting out methods. A mul-
tiplex PCR assay using previously published primer
pairs was used to amplify GSTT1 (480 bp) and
GSTM1 (273 bp) genes with β-globin (680 bp) as an
internal positive control.15 PCR mix, primer concen-
trations, cycling conditions, and electrophoresis were
used as defined earlier.16 GSTP1 c.313A>G geno-
types were identified by RFLP-PCR at 55°C using pre-
viously reported primer pairs (0.4 μM).17 PCR
products were digested overnight with Alw261 restric-
tion enzyme and analyzed by electrophoresis on 4%
3:1 NuSieve/agarose gels.18 All genotypes were inde-
pendently scored by two reviewers, and 10% of the
samples were randomly reanalyzed, yielding identical
results.

Statistical analysis
SPSS statistical package (version 15.0) was used for
data analysis (IBM, SPSS Inc., Chicago, USA).
Differences in genotype distribution between patients
and controls and Hardy–Weinberg equilibrium were
determined by Chi2 or Fisher exact tests. The influence
of each polymorphism on acute leukemia risk was
evaluated by applying univariate analysis, uncondi-
tional logistic regression method, Mantel–Haenszel
test, and estimating the odds ratio (OR) with the
95% confidence interval (CI). Kolmogorov Smirnov
test was used to evaluate normal distribution and
homogeneity was determined by Breslow–Day test.
Patients with particular GST genotypes were tested
for various clinico-pathological parameters using
Student’s t-test for continuous variables and the Chi2

test for discrete variables and those without normal
distribution. Values of P< 0.05 were considered
statistically significant.

Results
To determine the genetic profile of GST genes in
Argentina, GSTM1, GSTT1, and GSTP1 c.313A>G
polymorphisms were first examined in pediatric and
adult healthy controls. No deviation from
Hardy–Weinberg equilibrium was demonstrated for
GSTP1 gene. The distribution of genotype frequencies
in controls showed no significant differences when
stratified by gender or comparing pediatric vs. adult
individuals (all P> 0.07) (Fig. 1). Therefore, GST

Table 1 Clinical–pathological characteristics of childhood
acute leukemia patients

Clinical characteristics Pediatric acute leukemia

No. of cases 36
Sex (F/M) 18/18
Mean age (range), years 8.0 (2–16)
Leukemia type

ALL 26
AML 10

Cytogenetics
Normal 10
Abnormal 16
Not available 8

Median (range)
Blasts (%) 87 (35–100)
WBC 109/l 13.7 (1.7–79)
Hemoglobin (g/l) 7.3 (3.10–13)
Platelets 109/l 28 (6–96)

Weich et al. Polymorphic variants of GSTM1, GSTT1, and GSTP1 genes

Hematology 2015 VOL. 20 NO. 9512



frequencies from both control cohorts were combined
and referred to as the control group for comparative
analysis with patients.
Allelic and genotype frequencies from patients and

controls are shown in Table 2. GSTM1-null genotype
was significantly underrepresented in patients (16.7%)
compared to controls (37.6%) and was associated with
a lower risk of acute leukemia (P= 0.013; OR: 0.31;
CI: 0.12–0.80). No significant differences were
observed for GSTT1 genotypes. These associations
persisted similar after adjustment in multivariate
analysis (Table 2). For the overall analysis, significant
association between the risk of leukemia and the
variant genotypes of GSTP1 c.313A>G polymorph-
ism was found in homozygote comparison (AA vs.
GG: P= 0.001; OR: 6.17; CI: 2.06–18.43). No signifi-
cant association was found in heterozygote compari-
son (AA vs. AG). Moreover, comparison between
GSTP1 homozygous variant (GG) vs. heterozygous Ta
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Figure 1 Distribution of GST genotype frequencies in 133
healthy Argentinians stratified by gender and age. (A) The
distribution of GSTM1, GSTT1, and GSTP1 genotypes
according to gender. (B) Stratification of GSTM1, GSTT1, and
GSTP1 genotypes according to age grouped as pediatric
(1–18 years) and adults (25–70 years). The analysis comparing
the percentage of cases with different genotypes among
gender or age groups showed no significant difference.
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(AG) genotypes was also statistically significant
(P= 0.02; OR: 3.01; CI: 1.2–7.6) (Table 2). As no sig-
nificant differences were observed between individuals
carrying homozygous wild type (AA) or heterozygous
(AG) genotypes, we considered a recessive model
(AA+AG vs. GG: P= 0.01; OR: 3.9; CI: 1.85–8.2),
showing that homozygosity for G allele is a significant
risk factor for childhood leukemia. This association
remained statistically significant after adjustment for
age and sex in multivariate analysis (P= 0.001; OR:
4.52; CI: 1.8–11.36).
Taking into account that different GSTs are

involved in the detoxification of similar activated car-
cinogens, we investigated the joined effect of GST gen-
otypes on acute leukemia risk. No cumulative effect of
more than one variant genotype was observed, but it
should be noted that the number of children with
two or three variant alleles was small. Regarding the
clinico-pathological characteristics of these patients,
there was significant correlation between white blood
count and GSTP1-GG genotype (P= 0.028). No cor-
relation was found for leukemic type, age, sex, cytoge-
netics, platelets, blasts, and hemoglobin.

Discussion
Genetic variability of GST genes was assessed in leu-
kemic and healthy Argentinians because ethnicity
has been linked to disparities in the incidence of
acute leukemia,2 and remarkable differences in the
pattern of GST frequencies were described world-
wide.11,12 In this study, we found that GSTM1-null
genotype was associated with a reduced risk of leuke-
mia; GSTP1-GG variant genotype was found to
increase risk, while GSTT1 did not alter the risk.
These data indicate that GST polymorphic variants
may have a different involvement in the susceptibility
to acute leukemia in Argentina children.
GSTs are a well-known family of multifunctional

enzymes involved in the detoxification of a wide
variety of carcinogen. Previous studies demonstrated
striking ethnic differences in the distribution of GST
genotype frequencies, indicating that 30–50% of the
Caucasian population presents the GSTM1-null geno-
type, 10–20% has GSTT1-null, and 7–12% carries the
GSTP1-GG variant.11,12,19 Our data demonstrate that
GST frequencies determined in the general
Argentinian population resembles Caucasian findings,
which is consistent with the large European immigrant
flow arriving mainly from Spain and Italy. Although
the population of Argentina is the result of a long-
standing process of admixture between several ethnic
groups, the genetic structure within Buenos Aires
city and surrounding urban areas is predominantly
composed by European ancestry.20

GST polymorphisms have been related to various
cancers because some of these variants are directly

associated with an inefficient carcinogen detoxifica-
tion and an increased rate of DNA mutation,
genomic instability, and cancer.21 Studies of GST
genotypes in relation to the susceptibility to acute
leukemia have shown conflicting results.14 Several
groups showed that GSTM1-null genotype is related
to increased risk of acute leukemia in various popu-
lations.13,22–30 However, we found that GSTM1-null
variant displays a reduced risk for leukemia in
Argentinian children, suggesting that the presence of
GSTM1 protein has in fact a role in leukemogenesis.
This finding is in agreement with those reported by
Barnette et al.,22 who demonstrated that the presence
of one or two alleles of GSTM1 gene implies a
higher risk for acute leukemia. The role of an efficient
GSTM1 enzyme activity on leukemia development is
difficult to understand. It has been suggested that the
effectiveness of GSTs activity is dependent on the
supply of glutathione (GSH).31 Therefore, despite an
efficient enzyme activity, when the levels of GSH
decrease, the conjugation with phase II detoxifying
enzymes may produce active metabolites and
increased toxicity.32 Results obtained from our study
support that the presence of GSTM1 protein may be
involved in leukemia etiology, probably coupled with
alterations in other key cellular mechanisms.

Many epidemiological studies have tested associ-
ations between GSTT1 polymorphisms and acute leu-
kemia risk, but conflicting results have been achieved.
Our study has not elucidated any particular associ-
ation for this gene, as was seen in previous replicated
studies.13,24–26,28,33 While significant involvement of
GSTT1 deletion was reported,4,29,34–36 other group
showed a significantly lower frequency of GSTT1-
null genotype among AML patients compared to
controls, suggesting that may play protective roles in
leukemia.37 Moreover, an increased risk of ALL for
patients carrying nonnull alleles of GSTT1 was also
reported.22 These inconclusive findings warrant
further studies to confirm the role of GSTT1 poly-
morphisms in the susceptibility to acute leukemia in
the Argentinian population.

The GSTP1 c.313A>G polymorphism was found
to fit a recessive model, in which two copies of the
allele G is required for an increased leukemia risk,
complying with the tumor suppressive role of this
gene. GSTP1 has been shown to function not only as
a phase II metabolizing enzyme, but it is also involved
in the regulation of cell cycle and apoptosis.38

Variation in the expression and activity of GSTP1
has been associated with a variety of human cancers
and has been linked to functional genetic polymorph-
isms. The SNP c.313A>G affects the substrate binding
site and results in reduced catalytic activity and detox-
ification capacity of the enzyme,17 leading to the
accumulation of genotoxic compounds which may be
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involved in the carcinogenic process.35 The results
obtained in our study indicating that GSTP1-GG gen-
otype is a risk factor for childhood leukemia are in
agreement with earlier publications,29,33 but, again,
opposite results were found in other epidemiological
studies.27,34,39,40

Initiation of leukemogenesis is likely caused by mul-
tiple factors, nevertheless, the exact mechanisms
underlying remains poorly understood.41 Multiple
pathways and genetic lesions and all of them are
necessary to develop a fully established leukemia.
Accumulating studies suggest that inherited genetic
factors affect the risk of developing leukemia.
Hereditary differences in the expression and activity
of human GSTs have been reported and altered GST
enzymatic activity was associated with leukemogen-
esis. Polymorphisms in the GSTM1, GSTT1, and
GSTP1 loci have been investigated in several case-
control studies from different regions in the world,
but the association to acute leukemia risk was largely
inconsistent. A potential explanation for the discre-
pancy between studies was thought to be related to
differences in ethnicity and age of patients, treatment,
and follow-up periods.14

We recognize that the limitation of our work is
related to the small number of patients evaluated.
This study, however, still contributes to the prelimi-
nary understanding of the involvement of GSTs in
the development of childhood acute leukemia in our
population. To the best our knowledge; we have deter-
mined for the first time the genetic profile of GST
polymorphisms in Argentinian children. In addition,
we observed that susceptibility to the disease could
be related to an active GSTM1 enzyme and a lower
GSTP1 protein activity. These preliminary results, to
be validated in a larger population from Argentina,
suggest that the development of childhood leukemia
in our country may be differentially influenced by gen-
otypic variants in GST genes. The extent to which
phase II enzymes are coordinately regulated in net-
works that favor leukemic development should be
deeply explored.
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