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Glutathione S-transferase M1 (GSTM1) polymorphismin
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Ana Hatagima?, Maria Nazaré Klautau-Guimaraes?, Felizardo Penalva da Silva? and Pedro Hernan Cabello!

Abstract

Thedistribution of GSTM 1 phenotype frequencieswas studied in two Brazilian samples composed of healthy and unrelated blood donors
of both sexesranging in age from 18 to 61 years. Thefirst sample consisted of 658 individualsfrom Rio de Janeiro, and the second
included 179 individualsfrom Brasilia. The GSTM 1 phenotypes were detected using PCR reactions and subsequent digestion by the
restriction enzyme Haell. The GSTM 1 null phenotypefrequency was 46% and 49% for Rio de Janeiro and Brasiliasamples, respectively.
The GSTM 1 phenotype distributionswere not in agreement with Hardy-Weinberg equilibriumin either sample, >, = 11.49 (P<0.001) for
Riode Janeiro and y? = 6.77 (P < 0.01) for Brasilia. Thisdeviation from Hardy-Weinberg equilibrium may be dueto factorssuch as
selection, errorsin the phenotype determination or incomplete panmixiaof the Brazilian popul ation, whose main racial componentsare

Caucasians, Africansand Indians.

INTRODUCTION

Theglutathione S-transferase (GST) enzyme system
constitutesafamily of multifunctional enzymeswhich play
animportant rolein biotransformation and detoxification of
many different xenobiotic and endogenous substances
(Wolkoff, 1980; Mannervick, 1985). GSTM1, amu class
gene of the GST family is polymorphic and hasthree ale-
les: two of them are active, GSTM1* A and GSTM 1*B, and
thethird, GSTM1*0, isanull dlele. TheGSTM1*0adleleis
adel etion and homozygotesfor thisalele (null phenotype)
do not produce any protein product. The GSTM1*A and
GSTM1*B dldescodefor the GSTM1 A and GSTM1B pro-
teins (Seidegard et al., 1988). These proteinsare function-
aly identical (Widersten et al., 1991) and differ only ina
singleamino acid. The GSTM 1 A protein containslysineat
position number 172 (DeJong et al., 1988), whereas the
GSTM1 B protein contains asparagine at this position
(Seidegard et al., 1988). The productsfrom thesetwo genes
combinewith each other to form homo- and hetero-dimeric
activeenzymes(Seidegard et al., 1988; DeJong et al., 1991).

Thislocusis interesting because of its polymorphic
characteristicsand the high frequency of the null phenotype
(40-60%) in most of the populations studied, which varies
among ethnic groups (Board, 1981; Harada et al., 1987,
Groppi et al., 1991; Mikelsaar et al., 1994). Reports of a
lower incidence of the null alelein Nigerians and Indians
contrast with a higher incidence in Chinese and some
Micronesians (Board et al., 1990; Zhao et al., 1994; Lin et
al., 1994). Therearea so differencesin the other dleles: the
frequency of GSTM 1* A ishigher and that of GSTM1*B is
lower in Indians, French, English and Nigeriansthanin Chi-

nese and Japanese populations (L aisney et al., 1984; Harada
etal., 1987; Board et al., 1990; Zhao et al., 1994; Heagerty
etal., 1996). Inaddition, homozygosity for GSTM1*Oisas-
sociated with an increased risk of severa pathologies, in-
cluding some malignancies (Strange, 1993; Baranov et al .,
1996; HelzIsouer et al., 1998). Thus, GSTM 1 polymorphism
could be used, possibly in combination with other detoxify-
ing enzyme polymorphisms, to identify high-risk individu-
asinclinica surveillance programms(Strange, 1993). This
is complicated, however, by the substantial differencesin
the GSTM 1 allelefrequencies observed in different ethnic
groups. Thesefreguenciesareknownin many populations
but there arelimited datafrom Brazilian populations.

Inthiswork our aim wasto study GSTM 1 gene poly-
morphisminthe Brazilian population, sinceit isaspecial
case of atri-racial mixture of Caucasian, African, and In-
dian genes (Krieger et al., 1965).

MATERIAL AND METHODS

Blood samplesfrom unrel ated adult volunteers of both
sexes, with agesranging from 18 to 61 yearswere collected
from the Clementino FragaFilho Hospital Blood Bank (Rio
de Janeiro) and from the Brasilia Blood Bank. The Rio de
Janeiro sample consisted of 658 subjects (392 males and
266 femal es) and the Brasiliasamplewas comprised of 179
subjects (154 males and 25 females). DNA was extracted
from 5 ml of venous blood collected in EDTA Vacutainer
tubesand stored at 4°C (L ahiri and Nurnberger Jr., 1991).

The GSTM 1 polymorphismswereidentified by theuse
of site-directed mutagenesis of allele-specific PCR prim-
ers. All PCR reactionswere performed using three primers
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to GSTM 1. These comprised, firstly, acommon GSTM1-
specific primer tointron 6 (GSTM116) and secondly, prim-
erstoexon 7, onespecificto GSTM1*A (GSTM 1E7A) and
another (GSTM17B) specificto GSTM1*B. In pilot studies
using DNA from subjectswithknown GSTM1 A or GSTM 1
B phenotypes GSTM 1E7A did not anneal to GSTM1*B and
vice-versa(Fryer etal., 1993). Thefinding of a268-bp DNA
fragment (-globin) confirmed the success of amplifica-
tion (Saiki et al., 1988). Negative controlswere included
in every run to test possible contamination.

Ten microliters of the PCR product was analyzed on
2% agarose gels stained with ethidium bromide. At this
stagetwo groups of individual swere determined: onewith
positive GSTM1 adleles (GSTM 1+) and another without
them (GSTM 1-). Thisamplified materia was subsequently
digested by Haell for 4 h at 37°C, to differentiate
GSTM1* A and GSTM 1* B becausethe GSTM 1* A primer
differsfromthe GSTM 1* A sequenceby an A—G subgtitu-
tion at the 3' end of the primer, thus introducing a Hael
restriction site into the amplified DNA. DNA from sub-
jectswith positive GSTM 1 alleles allowed amplification
of a132-bp fragment. However, while GSTM1E7A and
GSTM17B effected amplification of afragment of the same
sizefrom GSTM1* A and GSTM 1* B, respectively, these-
guence of the PCR product differed by two bases, intro-
ducing a Haell restriction site into the amplified DNA.
Digestion by Haell produced 112- and 20-bp fragments
(corresponding to GSTM1 A). DNA fragments were re-
solved by electrophoresisin 4% agarose gels, which were
ethidium bromide stained and photographed under UV light.

RESULTS AND DISCUSSION

Itisapparent from the GSTM 1 phenotype distribu-
tion (Tablel) that genefrequencies of thetwo samplesare

very similar. The GSTM1 null phenotypefrequencieswere
46 and 49%, for Rio de Janeiro and Brasilia, respectively.
Thesevauesaresimilar to the datafoundintheliterature
for most human populations(Tablell).

Both samples were aso tested in order to check if
therewere differencesin the GSTM 1 phenotype frequen-
cies according to age, sex or ethnic group (White versus
Black), but no significant differenceswere observed. A ten-
dency towardsadeclinein GSTM 1* 0 frequenciesfor the
Black group in Brasiliaand Rio de Janeiro samples was
observed, but it is not statistically significant (Tables |11
and1V).

Thedifferenceinthe GSTM 1* 0 frequencies observed
among races in the Rio de Janeiro and Brasilia samples
was not significant, however, it wasborderlineinthe Rio
deJaneiro sample, inwhich alelic frequencieswere 42%
inthe Black group and 49% in the White group (P = 0.06).
Previous studies have shown that the admixture proportion
inRio de Janeirois40.18% Caucasian, 52.06% Black, and
0.08% Native (Lopez-Camelo et al., 1996). This prepon-
derance of black genes could be responsible for the
GSTM1*0frequency (46%) in the Rio de Janeiro sample
whichisdlightly lower than Brasilia(49%). Theracia ad-
mixture proportion of the Brasiliapopulation isunknown,
but the proportion of black genesiscertainly lower thanin
the Rio de Janeiro population, based on historical data. This
isprobably dueto the recent founding of the Brasiliapopu-
lation by migrantsfrom many regionsof thecountry, mainly
fromthe Northeast, whichisatri-racial mixturewith gene
proportions of Caucasian = 0.586, Black =0.301, and In-
dian=0.113 (Krieger et al., 1965).

Studies of African samples have shown that thefre-
guency of the GSTM1 null phenotypeislower (22-38%)
thanin other populations (Bell etal., 1993; Linetal., 1994;
Zhao et al., 1994; Mukanganyamaet al., 1997; Arrudaet

Tablel - Test for Hardy-Weinberg equilibrium of two Brazilian populations (Rio de Janeiro and Brasilia).

Phenotype Rio de Janeiro Brasilia
No. of individuals X2 No. of individuals e

Obs. Exp. Obs. Exp.
GSTM10 35 291.73 0.603 87 8163 0.354
GSTM1A 197 21158 1004 3 48.9%6 0.726
GSTM1B 12024 1932 33 39.07 0.944
GSTM1AB 34.45 7.951 16 9.4 4.749
Total 658 658.00 11491 179 179.00 6.773
P-value <0.001(1df.) P-value <0.01(1d.f.)
Alleles Frequencies F Alleles Frequencies £
GSTM1*A 0.2087 0.0120 GSTM1*A 0.1788 0.0217
GSTM1*B 0.1254 0.0095 GSTM1*B 0.1459 0.0198
GSTM1*O 0.6659 0.0131 GSTM1*O 06753 0.0242

Obs. - Observed; Exp. - expected; SE - standard error of the mean.
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al., 1998). Theseresults corroborate our finding of alower
frequency of thisallelein our Black group.

Thedistribution of the GSTM 1 null phenotypevaries
in the different ethnic groups (Table I1). Despite the fact
that the methods to determine GSTM 1 phenotypes were
different (electrophoresisin starch gel or S-GEF and PCR)
the resultswere similar. Most of these populationsarein
Hardy-Weinberg equilibrium, except for the Brazilian
samples (x2 = 11.49; P< 0.001 and x2, = 6.77;, P< 0.01,
for Rio de Janeiro and Brasilia, respectively). This depar-
ture from Hardy-Weinberg equilibrium had already been
observed in aprevious study of asamplefrom the city of
Ribeiréo Preto (Klautau-Guimardes et al., 1993). In the
three Brazilian samples the deviation of the equilibrium
proportionsismainly dueto an excessof GSTM1 A/B het-
erozygotes.

Threefactorsmight explain thedeviation from Hardy-
Weinberg equilibrium proportions. Firstly racia mixture,
because GSTM1 frequency varies in the different ethnic
groupsand our sasmplesarebasically tri-hybrids. Brazilian
populationsareaproduct of admixture (Krieger et al., 1965)
among Caucasian (mainly Portuguese), Black (Bantu and
Sudanese origin) and native Indians. Wedid not find signifi-
cant differences among the ethnic groups, although there-
sults were borderline. This could be explained by the fact
that our race classificationswererelatively subjective.

Tablell - Distribution of glutathione S-transferase M 1 phenotype
frequenciesin different populations.

Samples Phenotype GSTM 1 x2(d.f.=1) Methods
A B A/B  O(Nul)

Brazilian(R)® 197 106 51 305(46.0%) 11.49 FCR
Brazilian(DF)? 43 3B 16  87(486%) 6.77 PCR
Brazilian(SP® 21 10 7  35(47.9%) 398 SGEF
Nigerians® 9 4 1 15(2L7%) 009 FCR
Japanese 13 8 5 80(48.2%) 004 SGEF
Chinese® 0 8 2 56(583%) 001 SGEF
Indians® 5 7 6 15(35.0%) 193 SGEF
Frenchf 24 5 3 24(429%) 031 SGEF
English? 158 74 23 306(54.5%) 196 FCR

d.f. = Degrees of freedom. S-GEF = Starch gel electrophoresisand PCR =
polymerase chain reaction. ®Present paper. °Klautau-Guimaraes, 1993.
¢Zhaoet al., 1994. ‘Haradaet al., 1987. “Board et al ., 1990. 'Laisney et al.,
1984. 9Heagerty et al., 1996.

Secondly, the association of GSTM 1 polymorphism
with many typesof diseasesisdocumented by several stud-
ies, which indicate that individuals homozygous for the
GSTM1*0dleleseemto haveahigher risk for sometypes
of lung cancer (Seidegard et al., 1986), stomach cancer
(Haradaet al ., 1992), bladder cancer (Abdel-Rahman et al.,
1998), cystic fibrosis (Baranov et al., 1996) and athero-
sclerosis (Pessah-Rasmussen et al., 1992). The higher fre-
guencies of the GSTM1*0 allele, in spite of its associa-
tion with some diseases, could be explained by thefact that
most of these di seases are manifested at amature age when
most GSTM 1 0/0 homozygous individuals have already
transmitted the GSTM 1* 0 geneto their descendents (Board
et al., 1990). It has also been observed that inindividuals
with gastrointestinal, brain and skin cancer the GSTM1 A/
B genotype is less common than in controls (Strange et
al., 1991; Strange, 1993; Heagerty et al., 1994), suggest-
ing that this polymorphism isgoing through somekind of
selection that is favorable to the GSTM1 A/B heterozy-
gous and/or disadvantageousto GSTM 1 0/0 homozygous
individuals. When we consider that GSTM 1 0/0 homozy-
gousindividuasaredeficientin GST, acarcinogen detoxi-
fication enzyme, it isreasonable to suggest that theseindi-
viduals have higher risks when exposed to carcinogens.
GSTM1A/B heterozygousindividuals, inturn, expressboth
aleles and have higher enzyme activity (Brockmoller et
al., 1992, 1994), and are consequently better protected and
more effectivein the process of detoxification. Inthe spe-
cificcaseof GSTM1, sincethenull allelefrequency ishigh,
theHardy-Weinberg modd predictsthat most of the GSTM 1
A and GSTM1 B phenotypes are heterozygous for
GSTM1*0. These two phenotypes have alower average
activity thanthat of GSTM 1 A/B heterozygousindividuals.
Thissdection, whichisfavorableto GSTM 1 A/B heterozy-
gotes and/or unfavorable to GSTM1 0/0 homozygotes,
could have taken place recently because of increased in-
dustrialization and the exposure to toxic substances, such
as insecticides, cigarettes and other chemical pollutants
and carcinogens. In our study the observed frequency of
GSTM1 A/B heterozygotesishigher than the expected fre-
guency and isthe main reason for the departure of our data
from Hardy-Weinberg equilibrium.

Thirdly, there may be an error in the determination of
the GSTM 1 phenotypes. We can not differentiate GSTM 1
AJ/A from GSTM1 A/Oindividuals, so we consider all of

Tablelll - Distribution of glutathione S-transferase M 1 allele frequenciesin racial sub-groupsof the Brasiliasample.

Alleles Allelefrequencies
White (N =53) Light Medium Dark Black (N=5)
Mulatto (N =54) Mulatto (N =51) Mulatto (N = 9)
A 0.174+0.039 0.193+0.040 0.180+0.039 0.155+0.098 0.216+0.150
B 0.141+0.035 0.127+0.033 0.149+0.036 0.214+0.113 0.216+0.150
) 0.685+0.045 0.680+0.045 0.670+0.042 0.630+0.093 0.570+0.143
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TablelV - Distribution of glutathione S-transferase M1
alelefrequenciesin racial sub-groups of the Rio de Janeiro sample.

Alldle Allelefrequencies
White (N =429) Mulatto (N = 134) Black (N =95)
A 0.186+0.014 0.212+0.027 0.313+0.038
B 0.130+0.012 0.110+0.020 0.127+0.025
o 0.684+0.016 0.678+0.029 0.560+0.037

themasclassGSTM1A. Thesameistruefor the GSTM1
B phenotype. GSTM 1 A/0 and GSTM1 B/0 heterozygous
genotypescould give aweaker reactionin the electrophore-
sisgel, which would increase the probability of theseindi-
viduals being considered as null homozygotes and conse-
guently would overestimate the proportion of this pheno-
typeand decreasethefrequency of theGSTM1 A and GSTM 1
B phenotypes. On the other hand, our resultsdo not show a
significant differenceinthe expected vaues of these classes.
A recent study (Arrudaet al., 1998) on threedistinct ethnic
groupsof Braziliansindicated GSTM 1 null phenotypefre-
guenciesof 55% in Caucasian, 33% in descendants of Afri-
cansand 20% in Indian lineages. Taking into account thera-
cial admixture in our samples our results are in agreement
withthosefound by Arrudaet al. (1998). Thedeviationfrom
Hardy-Weinberg equilibrium verified in our study could be
explained by selection, incompl ete panmixiaof these popu-
lations or other unknown factors.
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RESUMO

A distribuicéo dasfrequiénciasfenotipicasdo gene GSTM1
deduasamostrasbrasileiras, compostas de doadores sanguineos
deambos os sexos com idade entre 18 e 61 anos, foi estudada. A
primeiraamostraé compostade 658 individuos provenientesdo
Rio deJaneiro easegundade 179 individuosde Brasilia. Osfend-
tiposda GSTM 1 foram determinados utilizando-se atécnicada
reacdo em cadeia da polimerase e subsequente digestéo com a
enzima de restricdo Haell. As frequiéncias observadas para o
fendtipo GSTM1 nulo foram de 46,4% e 48,6% paraasamostras
do Rio de Janeiro e Brasilia, respectivamente. Osresultadostam-
bém mostram que adistribui¢do fenotipicadaGSTM 1 ndo esta
em equilibrio de Hardy-Weinberg paraambas asamostras: 2, =
11,49 (P < 0,001) parao Rio de Janeiro ey? = 6,77 (P < 0,01)
paraBrasilia. Este desequilibrio pode ser atribuido afatorescomo
selecdo, erros nadeterminagao fenotipicaou panmixiaaindain-
completada popul agéo brasileira, cujos componentes raciais séo
caucasdides, africanoseindios.
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