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HUMAN BIOLOGICAL SURVEY

Gene polymorphism profiles of drug-metabolising enzymes GSTM1, GSTT1 and
GSTP1 in an Argentinian population

Natalia Weicha, Alejandro Roismanb, Bel�en Cerlianic, Hilda V. Ar�aozd, Lilien Chertkoffd, Silvina M. Richardc,
Irma Slavutskyb, Irene B. Larripaa and Ariela F. Fundiaa

aHematological Genetics Laboratory, Instituto de Medicina Experimental, CONICET-Academia Nacional de Medicina, Ciudad de Buenos Aires,
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Ciudad de Buenos Aires, Argentina; cLaboratory of Cytogenetics and Mutagenesis, IMBICE, CCT-La Plata-CONICET, Buenos Aires, Argentina;
dLaboratory of Molecular Biology, Genetics Department, Hospital de Pediatr�ıa ‘Prof. Juan P. Garrahan’, Ciudad de Buenos Aires, Argentina

ABSTRACT
Background: Glutathione S-transferases (GSTs) are drug-metabolising enzymes involved in biotrans-
formation of carcinogens, drugs, xenobiotics and oxygen free radicals. Polymorphisms of GST genes
contribute to inter-individual and population variability in the susceptibility to environmental risk fac-
tors, cancer predisposition and pharmacotherapy responses. However, data about GST variability in
Argentina are lacking.
Aim: The purpose was to determine the prevalence of GSTM1, GSTT1 and GSTP1 polymorphisms in the
general population from a central region of Argentina and to perform inter-population comparisons.
Subjects and methods: GSTM1 and GSTT1 gene deletions and GSTP1 c.313A>G were genotyped by
PCR assays in 609 healthy and unrelated Argentinians.
Results: The frequencies of variant genotypes in Argentinians were GSTM1-null (45%), GSTT1-null (17%)
and GSTP1-GG (11%). GSTM1-present genotype was significantly associated with GSTP1-AG or GSTP1-GG
variants (p¼ 0.037; p¼ 0.034, respectively). Comparison with worldwide populations demonstrated that
the GST distributions in Argentina are similar to those reported for Italy and Spain, whereas significant
differences were observed regarding Asian and African populations (p< 0.001).
Conclusion: This study has determined, for the first time, the normative profile of three pharmacoge-
netically relevant polymorphisms (GSTM1, GSTT1 and GSTP1) in the largest Argentinian cohort described
to date, providing the basis for further epidemiological and pharmacogenetic studies in this country.
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Background

Pharmacoethnicity, or population diversity in drug response
or toxicity, is a key factor accounting for inter-individual vari-
ation in anti-cancer drug responsiveness and is associated
with population differences in the frequencies of germline
polymorphisms within many important drug-related genes
(O’Donnell & Dolan, 2009). Genetic polymorphisms in genes
encoding drug metabolising enzymes that affect gene expres-
sion or protein function lead to a marked inter-individual and
population variability in drug response, toxicity, disease pre-
disposition and susceptibility to environmental chemicals
(Karaca et al., 2015; Umamaheswaran et al., 2014). Glutathione
S-transferases (GSTs) constitute the most relevant superfamily
of phase II detoxification enzymes involved in cellular protec-
tion against xenobiotics, carcinogens, toxins and by-products
of oxidative stress (Hayes et al., 2005). In addition, as non-
enzymatic proteins, GSTs can modulate signalling pathways
that control cell proliferation, cell differentiation and apop-
tosis (Laborde, 2010; Tew et al., 2011) and other processes.
Genetic polymorphisms in GSTM1, GSTT1 and GSTP1 genes
result in loss of or reduced catalytic activity and detoxification

capacity of the enzyme (Ali-Osman et al., 1997; Harries et al.,
1997). Intra-population and inter-population differences in the
frequency of GST polymorphic genotypes have been demon-
strated worldwide (Di Pietro et al., 2010; Garte et al., 2001;
Piacentini et al., 2011). However, there is partial and scarce
information about Argentina, whose population is the result
of a long-standing process of admixture between several
human groups shaped by several immigration waves and a
differential geographic contribution of Amerindian ancestry
inhabitants (Avena et al., 2012; Catelli et al., 2011; Corach
et al., 2010). Therefore, the aim of this study was to determine
the prevalence of GST polymorphisms in a large cohort of
healthy unrelated Argentinians and to perform a correlation
with the genotype distributions reported worldwide.

Sample

The study population consisted of 609 unrelated individuals
(mean age ¼41.87 ± 1.64 years; range ¼3–89 years) recruited
from Buenos Aires city and the Buenos Aires metropolitan
area, which are the largest urban areas in Argentina.
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Exclusion criteria were clinical signs of infection at time of
blood draw, the presence of cancer, genetic, haematologic or
immunologic disorder, osteoporosis, transfusions or chronic
diseases. Peripheral blood samples from these individuals
were evaluated at three different laboratories, two of them
(Hematological Genetics Laboratory, IMEX, CONICET-ANM and
Laboratory of Molecular Biology, Genetics Department,
Hospital de Pediatr�ıa “Prof. Juan P. Garrahan”) located in
Buenos Aires city. The other one (Laboratory of Cytogenetics
and Mutagenesis, IMBICE, CCT-La Plata-CONICET, CICPBA) was
from La Plata city in Buenos Aires Province. All subjects
included in this study were Argentinian citizens, and most of
them self-reported European descent, although, as reported
by Avena et al. (2012), some admixture of Amerindian and
African ancestry is to be expected. All individuals provided
their informed consent according to the experimental
research protocol, approved by the Institutional Ethical
Committees of all participating centres. The study was per-
formed in accordance with the Declaration of Helsinki.

Data collection

Genomic DNA from peripheral blood samples was isolated by
proteinase K/phenol/chloroform or salting out methods. PCR-
based methods employed for GST genotyping including pri-
mer sequences and concentration, cycling conditions,
enzyme restriction digestion and electrophoresis analyses are
detailed in previously published studies. GSTM1 and GSTT1
gene deletions were genotyped by multiplex PCR including a
housekeeping gene as an internal control of amplification in
both laboratories of Buenos Aires city (Ar�aoz et al., 2014;
Weich et al., 2015). DNA samples from La Plata city were ana-
lysed by two different PCRs for GSTM1 (Pavicic et al., 2009)
and GSTT1 (Baranova et al., 1999), including a housekeeping
gene as an internal control of each PCR reaction. GSTP1
c.313A>G (rs1695, p.105 Ile>Val) genotypes were deter-
mined in 309 samples from both centres of Buenos Aires city
by a RFLP-PCR protocol using Alw261 restriction enzyme as
previously reported (Harries et al., 1997). The laboratory of La
Plata city did not evaluate GSTP1 gene polymorphism. For
quality-control purposes, two reviewers independently scored
all genotypes, and 10–20% of the samples were randomly re-
analysed, yielding identical results.

Data management and statistical analysis

Differences in the distribution of GST genotype and allele fre-
quencies and deviation from Hardy-Weinberg equilibrium

(HWE) were determined using the v2 or Fisher exact tests.
The comparison of GST genotype frequencies defined in the
present study with other human populations was done by
contingency table analyses using the v2 or Fisher exact tests
considering the number of individuals with wild type or vari-
ant genotypes/alleles. The distributions of GSTM1-null and
GSTT1-null frequencies established in this cohort were com-
pared with those described by Garte et al. (2001), because
this is the largest study (15 000 individuals) reported up to
now. For GSTP1-G allele frequency, we used data from the
1000 genomes browser (http://browser.1000genomes.org). All
analyses were performed using GraphPad Prism 6.01 (2014).
Values of p< 0.05 were considered statistically significant.

Results

The distribution of genotype and allele frequencies of GST
polymorphisms established in the healthy Argentinian indi-
viduals is summarised in Table 1. Deletion of GSTM1 and
GSTT1 genes was observed in 45% and 17% of 609 individu-
als, respectively. GSTP1 c.313A>G genotyping performed on
304 samples showed no deviation from Hardy-Weinberg
equilibrium (Chi-square goodness-of-fit test: p> 0.05). The
frequencies observed for GSTP1 gene were the following:
44% homozygous wild type (AA), 45% heterozygous (AG)
and 11% homozygous variant (GG) genotypes. The analysis
of GSTP1 allele distribution performed by direct counting
revealed that 66.5% of the population exhibited the wild
type allele (A), whereas the remainder of the subjects (33.5%)
presented the variant G allele (Table 1). The distribution of
genotype frequencies in controls showed no significant dif-
ferences when stratified by gender or when comparing
paediatric vs adult individuals (all p> 0.07). Moreover, the
distribution of GST genotype frequencies stratified according
to seven age strata showed some differences between
groups, but statistical analysis revealed no significant differ-
ences (data not shown).

Given that different GST enzymes are involved in the
detoxification of similar activated carcinogens, we analysed
the distribution of combined double and triple GST geno-
types in our cohort (Table 2). Regarding double combina-
tions, 45.1% of individuals were GSTM1-present/GSTT1-
present, while 6.6% exhibited a concurrent lack of both
genes. Other comparisons showed that the most frequently
combined genotypes were GSTM1-present/GSTP1-AG (27.7%)
and GSTT1-present/GSTP1-AG (39.1%), whereas the less com-
mon combinations were GSTM1-null/GSTP1-GG (3.1%) and
GSTT1-null/GSTP1-GG (1.6%). The analysis of the triple

Table 1. Distribution of GST genotype and allele frequencies among Argentinians.

Genes Genotypes/Alleles All subjects, n (%) Paediatrics, n (%) Adults, n (%) Females, n (%) Males, n (%)

GSTM1 present 337 (55) 25 (66) 312 (45) 153 (52) 174 (57)
(n¼ 609) Null 272 (45) 13 (34) 259 (55) 140 (48) 129 (43)
GSTT1 present 507 (83) 33 (86.8) 474 (83) 236 (80) 258 (85)
(n¼ 609) Null 102 (17) 5 (13.2) 97 (17) 57 (20) 45 (15)
GSTP1 AA 136 (44) 12 (42.1) 124 (44,7) 61 (50) 65 (38)
(n¼ 309) AG 139 (45) 18 (47.4) 123 (44.5) 50 (40) 87 (50)

GG 34 (11) 4 (10.5) 30 (10.8) 11 (10) 21 (12)
A 411 (66.5) 50 (65.8) 371 (67) 172 (70.5) 217 (62.7)
G 207 (33.5) 26 (34.2) 183 (33) 72 (29.5) 129 (37.3)
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combined GST genotypes demonstrated that 24.7% of indi-
viduals were GSTM1-present/GSTT1-present/GSTP1-AG and
only one exhibited the triple variant genotype GSTM1-null/
GSTT1-null/GSTP1-GG. The statistical analysis of combined
genotypes revealed that only double combined polymor-
phisms of GSTM1-present plus GSTP1-AG or GSTP1-GG geno-
types were significantly associated (p¼ 0.037; p¼ 0.034,
respectively) (Figure 1).

Inter-population comparisons among Argentinians and dif-
ferent populations were performed (Table 3). GST frequencies
in our cohort are similar compared to previously reported
studies evaluating smaller samples of subjects from different
geographical regions from Argentina (Bailliet et al., 2007;
Galv�an et al., 2011; Moore et al., 2004). The prevalence of
GSTM1-null variant found in our study (45%) showed a sig-
nificantly lower-frequency value with respect to Western
Eurasian populations (53%) (p¼ 0.001). However, when com-
pared with different European populations, we found that
GSTM1-null frequency was in agreement with Spaniards
(50%) and Italians (49%), whereas significant differences were
seen in relation to Denmark (53.6%), France (53.4%),
Germany (51.6%), Sweden (55.9%) and the UK (57.8%) (Garte
et al., 2001). No significant differences were found between
the frequencies for GSTT1-null genotype and GSTP1-G variant
allele in our cohort and those reported for Western Eurasian
populations. In our sample, frequencies of GSTM1-null and
GSTT1-null genotype were significantly lower (p¼ 0.0015 and
p¼ 0.0001, respectively), whereas the incidence of GSTP1-G
allele was increased (p¼ 0.0001) compared to Asian popula-
tions. In addition, compared to African populations, our
cohort displayed a higher frequency of GSTM1-null genotype
(p¼ 0.0001) and a lower incidence of GSTT1-null genotype as
well as GSTP1-G allele (p¼ 0.0001).

Comments

Pharmacogenetic studies have shown that GST genetic vari-
ability contributes to inter-individual and population differen-
ces in cancer risk, chemotherapy resistance and
environmental exposure response. Moreover, GST polymor-
phisms have been associated with major consequences upon
human exposure to distinct man-made chemicals (Bolt &
Thier, 2006). We defined, for the first time, the genetic

Table 2. Distribution of double and triple combined GST genotypes.

Combined genotypes n %

GSTM1/GSTT1 þ/þ 275 45.1
(n¼ 609) þ/� 62 10.2

�/þ 232 38.1
�/� 40 6.6

GSTM1/GSTP1 þ/AA 65 24.1
(n¼ 304) þ/AG 87 27.7

þ/GG 24 8.2
�/AA 66 21.7
�/AG 52 16.9
�/GG 10 3.1

GSTT1/GSTP1 þ/AA 110 36.1
(n¼ 304) þ/AG 119 39.1

þ/GG 29 9.5
�/AA 21 6.9
�/AG 20 6.6
�/GG 5 1.6

GSTM1/GSTT1/GSTP1 þ/þ/AA 52 17.1
(n¼ 304) þ/þ/AG 75 24.7

þ/þ/AG 20 6.6
þ/�/AA 13 4.3
þ/�/AG 12 3.9
þ/�/GG 4 1.3
�/þ/AA 58 19.1
�/þ/AG 44 14.5
�/þ/GG 9 3
�/�/AA 8 2.6
�/�/AG 8 2.6
�/�/GG 1 0.33

þ: Presence of GSMT1 or GSTT1 genes; �: Null genotype GSMT1 or GSTT1.

Figure 1. Contingency analysis of double GST genotypes: The double combination between different GST genotypes in our population showed that GSTM1 and
GSTP1 genes exhibited a statistical association. The majority of the individuals carrying GSTM1-present genotype also have GSTP1-AG (p¼ 0.037) or GSTP1-GG
(p¼ 0.034) variant genotypes.
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profiles of drug-metabolising enzymes GSTM1, GSTT1 and
GSTP1 in the largest cohort of healthy individuals from two
important urban cities from Argentina. We demonstrated a
significant association between GSTM1-present with GSTP1-
AG or GSTP1-GG genotypes, suggesting a potential protective
mechanism that involves the presence of GSTM1 protein to
balance the reduced GSTP1 enzyme activity associated with
GSTP1-AG or GSTP1-GG genotypes. In addition, the compen-
satory mechanism reported for GSTP1 when GSTM1 is lacking
(Fuciarelli et al., 2009) supports our hypothesis. In fact, few
studies demonstrated that double GSTM1 and GSTT1 null
genotypes confer an increasing risk of development of
numerous diseases such as cancer (Di Pietro et al., 2010).
In addition, inter-population comparisons enable us to find
differences with other human groups. The GSTM1-null fre-
quency determined in our cohort exhibits significant differen-
ces compared to Denmark, France, Germany, Sweden and UK
populations, but it resembles that of Spaniards and Italians.
This finding could be related to the remarkable intra-popula-
tion heterogeneity described for GSTM1-null genotype
among northern and southern European countries (Garte
et al., 2001) and also to the well-documented immigration
flows landing in Argentina from Spain and Italy (Avena et al.,
2006; Catelli et al., 2011; Corach et al., 2010). Moreover, we
found that GST frequencies in our cohort significantly differ
from those reported for Asians and Africans, which is prob-
ably related to the limited immigration flow from these coun-
tries (Avena et al., 2006, 2012).

Pharmacoethnic characterisation of gene polymorphisms
is crucial to elucidate the genetic background underlying the
differences in drug responses and is one of the main goals in
future chemotherapy pharmacogenomics research. In low-
resource settings, it will be of particular importance because
sparse resources may be preferentially guided toward opti-
mising chemotherapy. The establishment of geographical
patterns of GST polymorphisms in different human popula-
tions may be of great value to understand population differ-
ences in disease risk and variable clinical responses to

chemotherapy. Our results provide new insights for future
association studies to define the potential role of GSTs in
cancer risk and pharmacogenetic responses contributing to
favourably impact the development of personalised medicine
in the Argentinian population.
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