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Resumo

Introducao: As delegbes dos genes GSTM1 e GSTT1 tém sido associadas ao
aumento do risco de varias neoplasias, porém ndao ha consenso sobre suas
influéncias no cancer de mama. Objetivo: Avaliar a ocorréncia das delegdes
homozigéticas dos GSTM1 e GSTT1 em mulheres com cancer de mama
esporadico (CME) — casos - e em mulheres sem cancer — controles - e comparar
as caracteristicas clinicas e bioldgicas dos CME entre mulheres portadoras e
nao-portadoras das referidas delegdes. Casuistica e Método: Foram avaliados
177 casos e 169 controles, com determinacdo das frequéncias das referidas
delegdes pelo PCR. Estas foram correlacionadas as caracteristicas clinicas e
biolégicas através do célculo de odds ratio com seus respectivos intervalos de
confianga de 95%. Resultados: Dos casos e controles, respectivamente, 46% e
45% nao apresentaram qualquer delegéo, 37% e 35% apenas do GSTM1, 11%
e 10% apenas do GSTT1, 6% e 9% apresentaram ambos os genes deletados.
Observou-se freqiiéncia menor da delecdo do GSTM1 em mulheres pardas
(p=0,1128), OR=0,48 (0,24 — 0,98). O risco foi menor de ocorréncia de tumores grau
nuclear 3 em pacientes com delegdo do GSTT1 (p=0,04), OR=0,37 (0,15 - 0,90).

A delecdo homozigética de pelo menos um dos genes associou-se com mulheres
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que ndo amamentaram (p=0,0202), OR=0,41 (0,19 — 0,88), e com a auséncia de
expressao dos receptores hormonais (p=0,0300), ORadj=2,25 (1,03 — 4,90). Ja
a delecao de ambos os genes associou-se ao aumento de risco da ocorréncia de
tipos histolégicos diferentes do carcinoma ductal invasivo classico (p=0,0571),
ORadj=12,09 (1,03 — 142,03). Conclusoes: mulheres com CME e antecedente
de miscigenagdo com etnia negra tiveram menor frequéncia da deleg¢ao do
GSTM1, enquanto os tumores com grau de diferenciacdo nuclear mais favoravel
relacionaram-se a delegdo do GSTT1. Ja as pacientes com pelo menos um dos
genes deletados apresentaram maior risco de tumores que nao expressam
receptores hormonais, e a delecdo combinada de ambos 0s genes associou-se

ao aumento de risco para tipo histolégico ndo ductal classico.

Palavras-chave: cancer de mama; polimorfismos genéticos; glutationa S-

transferase; GSTM1; GSTT]1.
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Summary

Introduction: The GSTM7 and GSTT1 gene deletions have been associated with
an increased risk of various neoplasms, although there is a lack of consensus
about their influence on breast cancer. Objective: To evaluate the occurrence of
homozygous deletions of the GSTM1 and GSTT1 genes in women with sporadic
breast cancer (SBC) — cases — and in women without cancer — controls - and
compare the clinical and biological characteristics of SBC among women with
and without the referred deletions. Case Study and Method: The study
evaluated 177 cases and 169 controls, determining the frequency of the above-
mentioned deletions by PCR. These were correlated with the clinical and biological
characteristics by calculating the odds ratios and their 95% confidence intervals.
Results: Of the cases and controls, 46% and 45% did not present any deletion,
37% and 35% had only GSTM1 deletion, 11% and 10% had only GSTT1
deletion, 6% and 9% had both genes deleted, respectively. A lower frequency of
GSTM1 deletion was observed in mulatto women (p=0.1128), OR=0.48 (0.24 —
0.98). The risk of occurring nuclear grade 3 tumors was lower in patients with
GSTT1 deletion (p=0.04), OR=0.37 (0.15 — 0.90). Homozygous deletion of at

least one gene was associated with women who had not breastfed (p=0.0202),
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OR=0.41 (0.19 — 0.88), and with absence of hormone receptor expression
(p=0.0300), ORadj=2.25 (1.03 — 4.90). The deletion of both genes was associated
with an increased risk of occurring histologic types different from classic invasive
ductal carcinoma (p=0.0571), ORadj=12.09 (1.03 — 142.03). Conclusions: women
with SBC and a history of miscegination with the black race had a lower frequency
of GSTM1 deletion, while tumors with a more favorable degree of nuclear
differentiation were related to GSTT1 deletion. Patients with at least one gene
deleted had a higher risk for tumors that did not express hormone receptors, and
the combined deletion of both genes was associtated with a greater risk for the

non-classic ductal histologic type.

Keywords: breast cancer; genetic polymorphisms; glutathione S-transferase;

GSTM1; GSTT1.
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1. Introducao

1.1. Consideracoes Gerais

Dentre todas as neoplasias que acometem as mulheres, o cancer de mama
(CM) tem-se apresentado mundialmente como o segundo mais frequente, com
elevagao de suas taxas de incidéncia (variagao percentual relativa de 80% nos
ultimos 30 anos), e é a principal causa de morte por neoplasia entre as mulheres
brasileiras. Nos Estados Unidos da América foram estimados, para 2007, 178.480
casos novos de CM, com 40.460 &bitos decorrentes desta neoplasia (Ries et al.,
2007). O numero de casos novos de CM esperados para o Brasil em 2006 foi de
48.930, com uma incidéncia estimada de 52 casos a cada 100 mil mulheres,
com aproximadamente 60% da casuistica dos registros hospitalares composta

por casos diagnosticados em estagios avancados (Brasil, 2006).

Alguns aspectos genéticos, epidemiologicos e ambientais tém sido aventados
para justificar o aumento gradual, porém constante, na incidéncia do CM nos
ultimos 50 anos. Destes, ressaltam-se o envelhecimento da populacdo, decorrente

de agdes sociais de saude que evitam mortes prematuras (Kelsey, 1993), e o
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estabelecimento de novos padrdes reprodutivos € hormonais nas ultimas décadas,
com aumento do numero de ciclos ovulatorios vivenciados pelas mulheres durante a

sua vida (Pike et al., 1983; Russo e Russo, 1987; Hardy et al., 1993; Kelsey, 1993).

Nesta linha, tornam-se explicaveis as associagdes epidemioldgicas
observadas entre menarca precoce (antes dos 12 anos), menopausa tardia
(apbs os 54 anos), idade tardia da primeira gravidez a termo (apés os 30 anos
de idade) e aumento do risco da neoplasia e a associagao protetora da lactagao
(Dumitrescu e Cotarla, 2005). Além destes, esta estabelecido o aumento de
risco com o uso de terapia hormonal (TH) por mais de cinco anos consecutivos,
mormente com os esquemas que utilizam estrogénios conjugados associados a

progestagénios sintéticos de uso continuo (Rossouw et al., 2002).

Dieta rica em gordura, ganho de peso na pdés-menopausa e obesidade
também estdo elencados como fatores de risco para o CM (Dumitrescu e Cotarla,
2005), assim como o consumo de alcool acima de duas doses ao dia parece
aumentar este risco, possivelmente pelo aumento de precursores de carcinbgenos

por vias ainda nao completamente determinadas (Singletary e Glapstur, 2001).

Quanto ao habito de fumar, os dados sao controversos, uma vez que nao
existem mecanismos biolégicos que expliquem possiveis associagdes, além da
disparidade dos estudos quanto a quantificagdo do niumero de cigarros consumidos,
populacao, tempo de uso, fumo ativo ou passivo, outros fatores de risco associados

(Coyle, 2004; Terry e Rohan, 2002; Nagata et al., 2006).
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Em relagdo ao componente racial, parece haver uma associagao entre o
CM em mulheres nao-brancas na populagao estadunidense ajustada por idade,
com risco relativo de 1,3 para as nao-brancas (Maxwell e Risinger, 2006); mas
as dificuldades e os desafios na obtencao de informacdes precisas sobre dados

étnicos e possivel miscigenagcdo permanecem na literatura (Tammemagi, 2007).

Dentre os aspectos genéticos, 10% a 15% dos casos de CM tém historia
familiar positiva para a doenga, sendo que apenas 5% podem ser explicados pelas
raras, mas de grande penetrancia genética, mutagbes dos genes BRCAT e
BRCAZ2 (Newman et al., 1988; Peto et al., 1996; Levy-Lahad e Friedman, 2007).
Isto leva a crer que ha outras variagbes genéticas comuns, de baixa penetrancia,

que influenciam a predisposicao ao CM.

Recentes estudos na literatura tém aumentado as evidéncias de que
polimorfismos genéticos de baixa penetrancia podem aumentar o risco do CM,
apesar do impacto em termos de prevengao ainda ser desconhecido (Tempfer et al.,
2006). Outros estudos ressaltam, ainda, a importancia do estabelecimento das
“assinaturas génicas” dos tumores de mama na particularizagdo do prognéstico
e dos tratamentos dispensados a cada subgrupo de pacientes, por exemplo,
usando kits comerciais, como o Oncotype-Dx® (Genomic Health, Redwood City,
CA, USA), que analisa 21 polimorfismos genéticos, dentre eles o GSTM1 (Paik

et al., 2004; Kaklamani e Gradishar, 2006; Kaklamani, 2006; Paik et al., 2006).

Ha dois grupos principais de genes potenciais candidatos aos papéis

relatados acima (Dunning et al., 1999): aqueles que codificam proteinas envolvidas
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no metabolismo dos horménios esteréides (CYP17, CYP19) e outros relacionados
a expressao de enzimas envolvidas no processo de carcinogénese (CYP1A1,

CYP2D6, CYP2E1, GSTM1, GSTT1, NAT1, NAT2).

Cumpre ressaltar a possivel interagdo entre fatores ambientais-
epidemioldgicos e genéticos, potencializando o risco do desenvolvimento do
CM: fatores de risco relacionados a maior exposigao estrogénica ou tabagismo,

e as mutagdes de baixa penetrancia (Zheng et al., 2002a).

1.2. Fatores Prognésticos

A fim de padronizar o acompanhamento dos casos de CM, no que tange
ao diagnéstico, aplicabilidade de técnicas terapéuticas e prognostico, utiliza-se o
sistema de estadiamento do American Joint Committee on Cancer (Singletary et al.,
2002). Este sistema considera a extensdo do acometimento do tumor na mama
e em tecidos adjacentes, como a pele e a parede toracica (T), a identificagao da
presenga de metastases para linfonodos regionais como cadeias axilares, mamaria
interna, infraclavicular e fossa supraclavicular (N) e a identificacdo da presenca
de metastases a distancia (M). Oito faixas denominadas estadios podem ser
determinadas (estadios O, |, lla, llb, Illa, llIb, llic e IV), com as probabilidades de
sobrevida em cinco anos decrescentes de 92% a menos de 13%. Com base em
registros hospitalares brasileiros, aproximadamente 60% das mulheres tém o CM
diagnosticado em fase avangada - estadios lll e IV (Brasil, 2003) - onde a sobrevida

em cinco anos varia de 13% a 40%, a despeito dos avancos terapéuticos.
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A progressao do CM primario varia independentemente do poder preditivo do
estadiamento. Parte dessas variagdes é explicada por fatores prognoésticos, que
conferem diferengas nas taxas de crescimento do tumor, poder de invasao,
potencial metastatico e outros mecanismos ainda nao completamente conhecidos

(Cianfrocca e Goldstein, 2004).

Podem ser divididos em fatores anatomopatoldgicos e biolégicos. Dentre
os anatomopatolégicos tem-se o tipo histolégico (Rosen e Oberman, 1993),
grau de diferenciagcao tumoral (Bloom e Richardson, 1957; Scarff, 1968; Frierson et
al., 1995), estado linfonodal axilar (Fisher et al., 1983; Mittra e MacRae, 1991),
tamanho tumoral (Clark e McGuire, 1989) e angiogénese peri-tumoral, relacionada
diretamente com pior prognéstico nas mulheres com CM (Gasparini et al.,
1994). Quanto aos fatores progndsticos biolégicos, mais estudados nos ultimos 20
anos, estes adquirem maior expressao nas mulheres sem acometimento linfonodal
axilar, onde exercem papel selecionador de mulheres de maior risco para recidiva
(Mirza et al., 2002). Sdo eles: expressao de receptores hormonais de estrogénio e
progesterona, indice de atividade proliferativa (indice de marcagao, citofluorometria
na fase S, Ki 67), ploidia ou indice de DNA, receptores para fatores de
crescimento (EGF-R, IGF-IR, SS-R receptor de somatostatina, TGF), oncogenes
(Her-2-Neu, p53, BCL2), catepsina D, e outros (Cattoretti et al., 1988; Lovekin et
al., 1991; Gasparini et al., 1992; Toikkanen et al., 1992; Martinazzi et al., 1993;
Mirza et al., 2002). E necessario maior conhecimento sobre a biologia molecular
do tumor para tentar identificar quais os fatores isolados, ou em associagao

com os ja bem estabelecidos, que poderiam predizer a evolugdo da doenga.
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1.3. Aspectos genéticos — Sistema da Glutationa S-transferase

As glutationa S-transferases constituem uma familia de enzimas detoxificantes,
que fazem parte do mecanismo de protegado contra a carcinogénese quimica, por
catalisar a conjugagdo de moléculas eletrofilicas de carcinégenos a glutationa,
reduzindo-os, quase sempre, a produtos menos toxicos (Hayes e Pulford, 1995;
Landi, 2000). Alguns vegetais cruciferos, como o brocolis e a couve-de-bruxelas
(Lin et al., 1998), e o café (Slattery et al., 2000) foram descritos como indutores da
producdo das GSTs ou ativadores destas enzimas. Os isotiocianatos e indois de
vegetais cruciferos, hipoteticamente, reduziriam o risco de ocorréncia do cancer
atribuido a exposigéo a carcindgenos por meio da ativagao das GSTs. O tabagismo
também foi descrito como um indutor da produgcado das GSTs. Este poderia constituir
o seu efeito benéfico, pois altos niveis de GSTs parecem necessarios aos fumantes

para a detoxificagcdo de carcinogenos provenientes do cigarro (Slattery et al., 2000).

Cinco classes de genes codificadores destas proteinas foram identificadas
em humanos: alpha, mu, pi, sigma e theta (Hayes e Pulford, 1995; Parl, 2005).
O gene GSTM1, da classe mu, compreende 5,9Kb de DNA gendmico, contém 8
éxons e esta localizado no brago curto do cromossomo 1, na regiao 1p13. Ja o
gene GSTT1, da classe theta, compreende 7,6Kb de DNA gendémico, contém
cinco éxons e esta localizado no brago longo do cromossomo 22, na regiao
22q11. Os genes GSTM1 e GSTT1 sao polimorficos em humanos, e estdo
ausentes ou deletados de forma homozigotica em 40 a 50% e 16% a 24% das
diferentes populagdes étnicas, respectivamente (Hayes e Pulford, 1995; Nelson et

al., 1995; Arruda et al., 1998), sendo que a delegdo homozigotica do GSTT1 pode
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chegar a 80% em asiaticos (Landi, 2000). Tanto o GSTT1 quanto o GSTM1

estdo expressos no tecido mamario (Kelley et al., 1994).

Individuos com a delegdo homozigotica destes genes seriam mais
susceptiveis ao desenvolvimento de doengas atribuidas a exposicdo a
carcindégenos. A delecdo homozigética dos genes, isolada e combinadamente, foi
associada com risco até seis vezes maior de ocorréncia da leucemia mieldide
aguda (Arruda et al., 2001). Sharma et al. (2006) evidenciaram modulagao de efeitos
entre cancer da cavidade oral relacionado ao tabagismo e dele¢cdo homozigdtica do
GSTT1. Entretanto, varios tumores sdlidos e hematolégicos vém sendo estudados,
com resultados na literatura ndo mostrando aumento do risco associado a delegéo
dos alelos do GST. Na populacao brasileira, ndo se observou aumento de risco em
relacdo a: leucemia mieldide cronica (Lourengo et al., 2005), cancer colorretal
esporadico (Nascimento et al., 2003), cancer de cabega e pescogo (Goloni-Bertollo
et al., 2006). Em recente meta-analise publicada, ndo se evidenciou correlagao

da delegcdo do GSTT1 com o cancer de pulmao (Raimondi et al., 2006).

Ao mesmo tempo em que a expressao dos genes do GST seria benéfica
por diminuir a chance de desenvolvimento de neoplasias de uma forma geral,
pode também, em pacientes portadores de um cancer, propiciar maior resisténcia ao
tratamento quimioterapico adjuvante, uma vez que essas drogas (ciclofosfamida,
metotrexate, fluorouracil, doxirrubicina) seriam toxinas exégenas, com eliminagéo
maior pelo GST, agindo assim com menor eficacia nas células tumorais (Hayes e
Pulford, 1995). Yang et al. (2005) avaliaram a relagédo entre as dele¢des dos genes

GSTM1, GSTT1 e GSTP1 em pacientes com CM e a sobrevida pés-quimioterapia.
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Apods cinco anos de acompanhamento, ndo houve diferenga na sobrevida para
pacientes que expressavam as do GSTM1 e do GSTT1, porém as pacientes que

apresentavam delegdo homozigotica do GSTP1 tiveram menor sobrevida.

Os resultados de estudos epidemioldgicos prévios sdo controversos em
relacdo ao CM. Alguns indicaram a associacdo da delegdo homozigética do gene
GSTM1 ao aumento do risco para CM (Zheng et al., 2002b), associagéo esta
nao observada por outros autores (Curran et al.,, 2000; Millikan et al., 2000);
associagao inversa (diminuigdo do risco para CM em mulheres com a delegao
homozigética do gene GSTM1) foi observada em outros estudos (Roodi et al.,
2004). Sull et al. (2004), incluindo os trabalhos citados acima em meta-analise (total
de 30 estudos selecionados), concluiram pelo aumento do risco frente a delegéo
homozigética do gene GSTM1, em especial nas pacientes pés-menopausadas;
ressaltada a limitagdo da distribuicdo heterogénea do polimorfismo nas diferentes

populacdes étnicas.

A delegéo homozigdtica do gene GSTT1 também foi associada ao aumento
significativo do risco de CM por Zheng et al. (2002b), o que n&o se repetiu em
outros estudos (Curran et al., 2000; Millikan et al., 2000; Gudmundsdottir et al.,
2001; Krajinovic et al., 2001; Amorim et al., 2002), mesmo em analises

ampliadas (Vogl et al., 2004).

Também a delegdo combinada dos genes GSTM1 e GSTT1 esteve
associada ao aumento do risco de CM em alguns estudos (Gudmundsdottir et

al., 2001; Mitrunen, et al., 2001; Amorim et al., 2002), porém nao em outros
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(Curran et al., 2000; Millikan et al., 2000). Por outro lado, menor risco de
ocorréncia do CM foi observada por Ambrosone et al. (2001) em mulheres com
a delecédo combinada dos genes GSTM1 e GSTT1 do que em mulheres com a
presenca de ambos os genes. Menor taxa de mortalidade associada a doencga
foi também observada, pelos mesmos autores, em mulheres com a delegao
combinada dos genes, em relacdo a taxa de mortalidade observada em mulheres

com a presenga de ambos 0s genes.

Ainda ha a postulagcédo de que a presenga dos alelos dos genes do GST
favoreceria a sobrevivéncia das células tumorais, aumentando a resisténcia ao
estresse oxidativo e aos mecanismos de apoptose (Perquin et al.,, 2001). A
associagao da delegdo homozigotica do gene GSTT1 com o tabagismo iniciado
em idade precoce favoreceria a ocorréncia de CM na pds-menopausa (Zheng

et. al., 2002a).

Nao se encontra estabelecido se ocorrem associacbes das delecdes
homozigéticas dos genes GSTM1 e GSTT1 com variaveis clinico-patoldgicas de
mulheres com CM, como idade de manifestacdo da doencga, etnia, tabagismo
(Zheng et al., 2002a), etilismo (Zheng et al., 2003), extensdo de acometimento
do tumor, grau de diferenciagcdo do tumor, estado dos receptores hormonais

(Park, 2003) e outros.

Enfim, o desenvolvimento do CM é multifatorial, no qual componentes
genéticos, ambientais e bioldgicos estdo imbricados na seqliéncia de eventos da

diferenciagcao tumoral. Dentre os componentes genéticos existe pouca informagao
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sobre o papel dos polimorfismos de baixa penetrancia na génese desta neoplasia,
em sua forma esporadica (nao-familial). Os papéis desempenhados pelas
delegbes homozigéticas dos genes GSTM1 e GSTT1 no risco de ocorréncia do CM
€ suas associagdes com os aspectos clinicos das mulheres e anatomopatoldgicos

do tumor nao estao suficientemente definidos.

A falta de conhecimento acerca destes componentes néo permite programar
a abordagem diagnéstica, nem planejar adequadamente o tratamento de mulheres

com CME, o que se reflete no desfecho desta doenca.
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2. Objetivos

2.1. Objetivo geral

Avaliar a ocorréncia das dele¢gdes homozigéticas dos genes M1 e T1do GST
em mulheres portadoras de CME e em mulheres sem CM, e verificar se a ocorréncia

das delecdes esta associada com fatores clinicos ou biolégicos do tumor.

2.2. Objetivos especificos

m Verificar se a ocorréncia das dele¢gdes homozigoticas dos genes GSTM1

e GSTT1 se associa com a ocorréncia de CME.

m Verificar se a ocorréncia das dele¢cdes homozigéticas dos genes GSTM1
e GSTT1 (e suas combinagbes) se associa as caracteristicas clinicas

das mulheres.

m Verificar se a ocorréncia das delegbes homozigdticas dos genes GSTM1 e
GSTT1 (e suas combinagdes) se associa as caracteristicas bioldgicas
do CME.
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Summary

Introduction: The GSTM1 and GSTTI gene deletions have been associated with an
increased risk of various neoplasms, although there is a lack of consensus about their
influence on breast cancer. Objective: To evaluate the occurrence of homozygous
deletions of the GSTM1 and GSTTI genes in women with sporadic breast cancer (SBC)
— cases —and in women without cancer — controls - and compare the clinical and
biological characteristics of SBC among women with and without the referred deletions.
Case Study and Method: The study evaluated 177 cases and 169 controls, determining
the frequency of the above-mentioned deletions by PCR. These were correlated with the
clinical and biological characteristics by calculating the odds ratios and their 95%
confidence intervals. Results: Of the cases and controls, 46% and 45% did not present
any deletion, 37% and 35% had only GSTM1 deletion, 11% and 10% had only GSTT1
deletion, 6% and 9% had both genes deleted, respectively. A lower frequency of GSTM 1
deletion was observed in mulatto women (p=0.1128), OR=0,48 (0.24 — 0.98). The risk of
occurring nuclear grade 3 tumors was lower in patients with GSTT1 deletion (p=0.04),
OR=0.37 (0.15 — 0.90). Homozygous deletion of at least one gene was associated with
women who had not breastfed (p=0.0202), OR=0.41 (0.19 — 0.88), and with absence of
hormone receptor expression (p=0.0300), ORadj=2.25 (1.03 — 4.90). The deletion of
both genes was associated with an increased risk of occurring histologic types different
from classic invasive ductal carcinoma (p=0.0571), ORadj=12.09 (1.03 — 142.03).
Conclusions: women with SBC and a history of miscegination with the the black race

had a lower frequency of GSTM1 deletion, while tumors with a more favorable degree of
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nuclear differentiation were related to GSTT deletion. Patients with at least one gene
deleted had a higher risk for tumors that did not express hormone receptors, and the
combined deletion of both genes was associtated with a greater risk for the classic non-

ductal histologic type.

Keywords: breast cancer; genetic polymorphisms; glutathione S-transferase; GSTMI;

GSTTI.
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Introduction

Among all the malignancies that affect women, breast cancer (BC) is the second
most common neoplasm worldwide, with a relative variation in incidence rate of 80% in
the last 30 years. It is the main cause of cancer death among Brazilian women (1).

It has been suggested that several genetic, epidemiological and environmental
aspects may justify this gradual but steady rise in disease incidence (2). In about 10 to
15% of BC cases, there is a positive family history for the disease, and only 5% may be
explained by the rare BRCAI and BRCA2 gene mutations (3,4,5), despite their high
gene penetrance. Thus it can be assumed that there may be other common genetic
variations of low penetrance, which influence predisposition to the disease, although the
impact on prevention is still unknown (6).

Glutathione S-transferases (GSTs) are a family of detoxifying enzymes, which
are part of a protective mechanism against chemical carcinogenesis, through catalytic
conjugation of carcinogen electrophilic molecules to glutathione, reducing them
virtually always to less toxic products (7). Five classes of genes encoding these proteins
have been identified in humans: Alpha, Mu, Pi, Sigma and Theta (7,8). The GST Mu 1
(GSTM1) and GST Theta 1 (GSTT1) genes are polymorphic in humans and are absent or
homozygously deleted in 40 to 50% and 16 to 24% of different ethnic populations,
respectively (7,9,10).

Individuals with these deletions would be more susceptible to the development of
neoplasms (7,11). Nevertheless, studies of various solid and hematological tumors have
been conducted, with results showing that there was no increased risk associated with

GST allele deletions (12,13,14,15).
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In a meta-analysis, Sull et al. (2004) concluded that there was an increased risk
of BC in the GSTM1 deletion, especially among postmenopausal patients (16). However,
these authors highlighted the limitation of results due to the heterogeneous distribution
of polymorphism in different populations. Other studies are controversial regarding
BC (17-26).

The roles of GSTM1 and GSTT1 deletions in the risk of BC occurrence and their
associations with clinical (27,28) and histopathological (29) aspects are not sufficiently
defined and knowledge of these components would permit a more adequate working
plan regarding prevention, diagnosis and treatment of women with sporadic breast
cancer (SBC).

Thus, the study proposed to know the proportion of women with SBC who have
homozygous deletions of the GSTMI and GSTTI genes, in comparison to women
without cancer, and verify whether these deletions are associated with clinical and

biological characteristics.

Patients and Methods

Type of study

A case-control study was conducted to investigate 175 women with SBC,
two with bilateral disease, totalling 177 cancer cases, sequentially examined at
CAISM/UNICAMP from December 2002 to October 2004, and a control group of 169
healthy female blood donors (from a universe of 367 donors) who had been enrolled in

the Blood Center of UNICAMP during the same period.
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Selection of subjects

Women aged 25 years or older and with no previous personal history or family
history of BC in a first-degree relative were included as controls. These same criteria were
adopted for the case group, associated with the histopathological diagnosis of invasive
breast carcinoma. Excluded were women who had no knowledge of their family history
(adoption, in vitro fertilization), or those incapable of informing their clinical data.

These women were invited to participate in the study at the time of hospital
admission for their surgical treatment, or at the time of blood donation. Peripheral blood
was drawn for DNA analysis and study of GST polymorphisms.

This study was approved by the Ethics in Research Committee of the School of
Medicine of UNICAMP and by the National Comission of Ethics in Research (CONEP),
following the precepts of the Declaration of Helsinke (2004) and Resolution 196/96 of
the National Council of Health (Brasil, 1996). All subjects signed an informed consent

term, and no one refused to participate in the study.

Molecular analysis of the GST genes

Genomic DNA was prepared from peripheral blood samples by extraction with
the GFX Genomic Blood DNA™ (Amersham Pharmacia Biotech) purification Kkit.
Exons 4 and 5 of the GSTM1 gene and exon 4 and intron 4 of the GSTTI gene were
amplified by Multiplex polymerase chain reaction of (PCR) (30,31). A fragment of the
beta globin gene, including exon 3 and sequence of introns 2 and 3, was amplified in the

same reaction and served as control for the DNA sample (32).
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The presence or homozygous deletion of the GSTMI and GSTTI genes were
analyzed by electrophoresis in 2.0% agarose gel. Genotypes were evaluated only when a band

corresponding to fragment amplification of the beta globin gene was identified (Figure 1).

Obtainment of clinical and biological characteristics

From review of the medical charts and interview to present the informed consent
term, the following information was obtained: age, ethnic group, age at menarche, age at
first full-term pregnancy, lactation, menstrual status, age at menopause, smoking, use of
hormone therapy, clinical tumor staging, histologic type, histologic and nuclear grades,
in addition to the expression of hormone receptors.

Etnic group was the racial group in which each woman was self-assigned: white, no
history of miscegenation, miscegenated (mulatto, or white with a history of miscegenation
with the black ethnic group), black. Lactation was considered a history of having breastfed
continuously for at least six months. Smoking was considered a habit of consuming at

least one cigarette a day, or having quit smoking less than ten years previously.

Statistical analysis

The data collected was typed twice and the data bank was submitted to review
and consistency analysis. A descriptive evaluation was made by calculation of the mean,
standard deviation, median, absolute and relative frequencies. Associations between
groups, deletion patterns and clinical/biological characteristics were assessed by the chi-
square and Fisher exact tests. To estimate risks, the crude and adjusted odds ratios (OR)

were calculated (using multiple logistic regression models). Homogeneity according age
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was evaluated by the Mann-Whitney test. The significance level was set at 5% and SAS

version 9.01 software was used.

Results

Homozygous deletion of the GSTM1 gene was observed in 75 (42.2%) cases of
SBC and in 75 (44.4%) controls (p=0.7067). Homozygous deletion of the GSTTI gene
was detected in 30 (16.9%) and 33 (19.5%) cases, respectively (p=0.5346). At least one
deletion studied was found in 95 (53.7%) and 93 (55%) cases, respectively.

The mean age of the controls was 52.57 + 4.64 years (ranging from 31 to 62
years). Around 89% were classified as being part of the white ethnic group and 11%
were non-white. Of the 177 BC cases, the mean age was 56.23 + 13.35 years, ranging
from 28 to 89 years. About 65% of the patients declared themselves white, 58% were
aged 50 years or older at the time of diagnosis and 62% were postmenopausal. One-
fourth were smokers and only 5% had used combined HT with estrogen and progestin
for at least 5 years prior to BC diagnosis.

Regarding biological characteristics, the histologic type of 147 cases (83%) was
invasive ductal carcinoma (classic) and the histologic types of the remaining tumors
were: 7 (4%) lobular, 8 (4.5%) colloid, 1 (0.6%) medullary, 4 (2.3%) tubular, 4 (2,3%)
apocrine, 1 (0.6%) undifferentiated, 2 (1.1%) papillary and 3 (1.7%) histiocytoid. In the
majority of cases, tumors were undifferentiated, histologic and nuclear grade 3, although
they expressed hormone receptors in about 70%. In 57% of the cases, clinical staging for

diagnosis revealed disease that was still locally and regionally restricted - stages I and 1I.
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Among BC cases, when correlating the presence of each polymorphism alone with
sociodemographic and clinical characteristics, a significantly lower frequency of homozygous
deletion of the GSTM1 gene was evidenced in mulatto women or in those with a history
of black miscegenation (p=0.1128), OR= 0.48 (0.24 — 0.98). No association was
observed between isolated deletions of the GSTM I and GSTT1 genes and the remaining
characteristics studied (Table 1).

After adjusting for age, ethnic group, menopausal status and smoking, no relationship
was observed between tumor biological characteristics and homozygous deletion of the
GSTM1 gene. Regarding GSTT1, a significantly lower risk of occurring undifferentiated
tumors (nuclear grade 3) was observed in patients with the referred homozygous
deletion (p=0.04), ORadj=0.37 (0.15 — 0.90) (Table 1).

The same analyses were carried out taking combinations of deletion into
consideration. The genotype distribution in the SBC group was 82 (46.3%) with both
genes present, 10 (5.6%) women with combined homozygous deletion of both genes,
and 95 (53.7%) with homozygous deletion of at least one of the genes studied. A lower
occurrence of homozygous deletion of at least one gene was observed in patients who
had not breastfed (p=0.0202), OR=0.41 (0.19 — 0.88). A higher occurrence of this
genotype in cases that did not express hormone receptors was also evidenced
(p=0.0300), ORadj=2.25 (1.03 — 4.90). Regarding deletion of both genes, an increased
risk of occurring tumors with a histological type different from classic ductal carcinoma

was observed (p=0.0571), ORadj=12.09 (1.03 — 142.03) (Table 2).
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Discussion

In this study, an association between several clinical and biological characteristics
of SBC and certain genotypes of GST polymorphisms was observed, chracterizing a
possible association between these polymorphisms and BC.

Glutathione S-transferase is a family of intracellular enzymes divided into five
major groups with their respective subunits: Alpha (A1, A2, A3 and A4), Pi (P1), Mu
M1, M2, M3, M4 and M5), Theta (T1 and T2), and Zeta (33,34). This family of
enzymes located in the cell cytosol prevents the action of substances on cells, avoiding
DNA damage. These enzymes catalyze the conjugation of diverse electrophilic
compounds (particularly halogenated) to glutathione, mostly promoting the formation of
less reactive and more water-soluble metabolites that are readily excreted in urine,
preventing DNA mutations in cells (24,35).

Epidemiological studies suggest that individuals with homozygous deletions of
these genes, particularly the GSTM1 gene, have a high risk of developing various types of
neoplasia, including cancers of the bladder, colon, lung, skin and stomach (7). Meanwhile, the
frequency of GSTTI gene deletion also varies among different populations, and few
studies have correlated this genotype with an increased risk of cancer susceptibility (11).

Several studies have investigated the association of the GSTMI and GSTTI
genotypes with the risk of developing breast carcinoma, but the results are mostly
inconsistent and heterogeneous (18,22,24). In a case-control study with 224 Indian women,
Chacko et al. (2005) observed no association between the GSTM1 gene deletion and a
significantly increased risk of BC (36). However, these authors did find an increased risk

in women with the GSTT1 gene deletion (OR=3.6, CI=1.6 — 7.7). Also in a case-control
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study, Roodi et al. (2004) found a significant risk of BC in women without the GSTM [
gene deletion, suggesting that this genotype might have a protective effect (25).

Recently, a meta-analysis published by Sull et al. (2004), which evaluated 30
studies correlating the GSTM1 gene status with the risk of BC, indicated that since
deficiency of this gene is not rare in the general population, there may be variability in
the risk of BC attributed. The strongest associations were observed in postmenopausal
women with a low frequency of GSTM1 deletion (16). Vogl et al. (2004) published an
analysis on the association of the GST M/, TI and PI genes and BC. Their results
showed that the isolated deletion of these genes confers no substantial risk of BC on
their carriers. Therefore, analysis of population-based (clinical) and histopathological
(biological) characteristics is necessary for individualizing risk (26).

The risk of BC increases with age, due to exposure of women to their own sex
hormones or other factors not yet fully established (2, 37-39). BC is quite uncommon
before the age of 35 years, but its incidence increases rapidly and progressively above
this age group (1). Stratifying SBC cases by age, it was observed that the mean age of 56
years was similar to that observed in the control group (52 years) and to that described in
international case studies: 61 years in the United States of America (40).

Among the clinical characteristics common to the control group and SBC cases
(age, race and polymorphisms), no statistically significant differences were observed
regarding the distribution of deletions studied. Furthermore, the distribution was similar
to that expected in the world literature and in Brazilian case studies (7, 9, 10). The
distribution of different deletion patterns of polymorphisms studied was shown to be similar

between the groups: OR=0.98 (0.63 — 1.53) and OR=1.19 (0.66 — 2.13), respectively.
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The data derived from the study indicate that there is a genetic balance between
the population of SBC cases and the general Brazilian population regarding these GST
polymorphisms, suggesting the low penetrance of these homozygous deletions relative
to BC occurrence. In all analyses, homogeneity according to age was evaluated to reduce
the distortions connected with the younger mean age of the controls.

The distribution of polymorphisms was examined according to clinical and
sociodemographic characteristics, e.g. race, age at diagnosis, age at menarche, age at
first full-term pregnancy, lactation, age at menopause, menopausal status at diagnosis,
smoking, use of HT. This data has been widely used for characterizing epidemiological
risk factors (41). Among SBC cases, it was verified that a history of miscegenation with the
black ethnic group confers protection against homozygous deletion of GSTM1 (which is
more prevalent than GSTT! in the population). Analysis of ethnic groups, incorporating the
history of miscegenation, was shown to be adequate for a miscegenated population such
as the Brazilian. Risk stratification is necessary, since different ethnic groups aggregate
genetic alterations in penetrance that are as low as the polymorphisms currently studied,
conferring significant genetic peculiarities upon large populations and cancer risk (42).

Among tumor biological characteristics, the distribution of polymorphisms was
examined according to histologic type, nuclear and histologic grades, expression of hormone
receptors, and staging. Homozygous deletion of the GSTT1 gene was associated with better
differentiated tumors according to nuclear grade and no other associations were observed.
Since gene encoding enzymes act on carcinogen detoxification, and a significant amount of
this class is found in breast tissue (43), it could be assumed that a carcinogenic pathway

occurred in these cases through metabolites that led to reduced differentiation of cell clones.

Publicagdo 38



On the other hand, it is known that GST also plays an important role in estrogen
metabolism (29). The decreased enzyme activity due to the GSTTI null genotype could
explain the association observed between this deletion and tumors with a better prognosis,
since higher estrogen exposure is necessary for cell differentiation to occur. A decreased
risk for deletion of at least one GST gene in nonbreastfeeding women with SBC may
also be correlated with reduced differentiation of breast tissue in these patients.

Regarding the combination of polymorphisms, the occurrence of homozygous
deletion of at least one gene was associated with tumors that did not express hormone
receptors, conferring a worse oncologic prognosis on this subgroup of patients. The
combined homozygous deletions of GSTMI and GSTTI were associated with tumors
having a histologic type different from the classic invasive ductal carcinoma. In this
subgroup of patients, 17 (10%) of them had a worse oncologic prognosis.

These observations have made it possible to consider that regulation of carcinogen
detoxification and their effects on cells are complex mechanisms, and the case studies
presented did not permit further elucidation. In addition, other characteristics that are
dependent on estrogen exposure had no correlation with deletions evaluated in the
current study.

In future studies with a larger number of cases in each ethnic stratum, more
consistent data could be obtained on the influence of racial miscegenation present in the
Brazilian population and the genotypic profile in relationship to the GST system. It is
also possible to obtain further information about the reproductive clinical characteristics
between carriers and non-carriers of deletions.

Concerning determination of GST polymorphisms, Vogl et al. (2004) proposed

analyzing variations in homozygosis and heterozygosis in individuals that have at least
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one of the alleles, thus constituting three possible genotypes for each GST class:
homozygous for presence of the gene, heterozygous, and homozygous for deletion (26).
It is presumed that analysis would be stratified further, observing the nuances of
heterozygous deletion of these polymorphisms. Such an undertaking could result in a
combinatory analysis of all deletions in the three most prevalent classes in healthy breast
tissue and in breast tumors: GSTT1, GSTM1 and GSTP].

Furthermore, there has been a recent trend in the literature towards evaluating the
influence of these polymorphisms not only on carcinogenesis and tumor characterization,
but also on assessment of therapeutic response to different genotypes (44). The presence
of GST alleles is presumed to favor the survival of tumor cells, increasing resistance to
oxidative stress and to the mechanisms of apoptosis (45). The oncologic treatment currently
used for BC may have a large degree of overlap with these metabolic pathways: radiotherapy
and chemotherapy, concerning detoxification of electrophilic compounds, and hormone
therapy, according to modulation of estrogen metabolism.

Therefore, our results indicate that investigation into the role of polymorphisms in the
GST system, especially the GSTM1 and GSTT1 genes, in the genesis and evolution of SBC
should proceed, aimed at broadening knowledge of the metabolic pathways of carcinogens

and their overlap with BC development and individualized treatments for these patients.
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Table 1 - Correlation of the presence of each polymorphism alone with sociodemographic

and clinical characteristics

Mi T1
DEL PRE pvalue OR(ICY95%) | DEL PRE pvalue OR (IC 95%)
n(%) n(%) n(%) n(%)
75 (42.4) 102 (57.6) 30(169) 147 (83.1)
AGE 04917 0.0994
<56 38 (40.0) 57 (60.0) 123(0.68-224) | 12(12.6) 83 (87.4) 1.95 (0.87 -4.33)
>56 37(45.1) 45(54.9) 1.00 18(22.0) 64 (78.0) 1.00
MENARCHE 0.6204 0.7890
<11 13(464) 15 (53.6) 123(0.55-2.77) | 4(143) 24(85.7) 0.76 (0.24 - 2.39)
>12 60 (41.4) 85(58.6) 1.00 26(17.9) 119 (82.1) 1.00
RACE 0.1128 0.4600
White 54(47.0) 61 (53.0) 1.00 18(157) 97 (84.3) 1.00
Black 5(500) 5(50.0) 1.13(031-4.11) | 3(300) 7(70.0) 231 (0.55-9.77)
Mulatto 15(30.0) 35 (70.0) 048 (024-098) | 9(180) 41(82.0) 1.18 (049 - 2.85)
RACE 0.0833 0.4688
White 54(47.0) 61(53.0) 1.00 18(157) 97 (84.3) 1.00
Non-white 20(333) 40(66.7) 057 (0.30- 1.08) | 12(20.0) 48 (80.0) 1.35(0.60 - 3.02)
1st PREGNANCY 03774 0.7213
<29 55(44.4) 69 (55.6) 1.00 18(14.5) 106 (85.5) 1.00
>30 6(333) 12(66.7) 0.63(022-1.78)| 3(167) 15(83.3) 1.18 (031 - 4.48)
LACTATION 0.0784 0.6996
N 12(30.8) 27 (69.2) 050(0.23-1.09) | 5(12.8) 34(87.2) 0.81 (0.28 -2.38)
Y 49 47.1) 55(52.9) 1.00 16(154) 88 (84.6) 1.00
MENOPAUSE (age) 0.1785 0.4768
<53 40 (44.9) 49 (55.1) 1.00 18(202) 71(79.8) 1.00
> 54 5(278) 13(722) 2.12(0.70-646) | 5278) 13(72.2) 1.52 (0.48 - 4.81)
MENOPAUSAL STATUS 0.9878 0.0943
N 26(41.9) 36(58.1) 1.00 7(113)  55(88.7) 1.00
S 45@2.1) 62(579) 1.00(0.53-1.88) | 23 (21.5) 84 (78.5) 1.52(0.48 - 4.81)
SMOKING 0.9509 0.879
N 56(42.7) 75(57.3) 1.00 22(168) 109 (83.2) 1.00
Y 19(422) 26(57.8) 098 (049-194)| 8(17.8) 37(82.2) 1.07 (044 -2.61)
HISTOLOGIC TYPE* 0.4590 0.0957
DCI 71(41.8) 99(582) 1.00 27(159) 143 (84.1) 1.00
LCI and others 4(57.1) 3429 1.60(033-7.70) | 3(429) 4(57.1) 3.79 (0.72 - 20.00)
HISTOLOGIC GRADE* 05120
lor2 10@1.7) 14(583) 1.00 5(208) 19(79.2) 1.00
3 59(41.5) 83(58.5) 093 (0.38-2.31) | 22(15.5) 120 (84.5) 0.71 (023 -2.18)
NUCLEAR GRADE?* 0.0400
lor2 24(353) 44(64.7) 1.00 16(23.5) 52(76.5) 1.00
3 43 44.8) 53(552) 143(0.73-278) | 11(11.5) 85(88.5) 0.37 (0.15 - 0.90)
STAGING* 0.9836
1/2 41(41.0) 59 (59.0) 1.00 17(17.0) 83 (83.0) 1.00
3/4 34.(442) 43(55.8) 1.25(0.66-2.36) | 13(169) 64 (83.1) 1.00 (0.44 - 2.26)
HORMONE RECEPTORS* 0.4081
N 22(53.7) 19(463) 198 (093-420) | 9(220) 32(88.0) 1.35(0.54 -3.38)
P 46 374) 77(62.6) 1.00 20(163) 103 (83.7) 1.00

* after adjusting for age, ethnic group, menopausal status and smoking
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Table 2 - Correlation of the combination of deletions with sociodemographic and clinical characteristics

’;‘;‘e}; senes ;:f;setlgtl;fl pvalue  OR(C95%) B‘Z:’li‘;zes pvalue  OR(IC 95%)
n n n
82 95 10

AGE 0.1315 03136

<56 49 46 158(087-287) 4 223(0.58 - 8.51)

>56 33 49 1.00 6 1.00
MENARCHE 0.6632 03919

<l 14 14 084(037-188) 3 202 (0.46 - 8.79)

12 66 79 1.00 7 1.00
RACE 0.1945 03819

White 50 65 1.00 7 1.00

Black 3 7 179(044-729) 1 238 (0.22-26.18)

Mulatto 28 » 060(031-1.18) 2 051 (0.10-2.63)
RACE 03025 0.7381

White 50 65 1.00 7 1.00

Non-white 31 29 072(039-135) 3 0.69 (0.17 - 2.87)
1st PREGNANCY 0.4859 1.000

<29 58 66 1.00 7 1.00

530 10 8 070(026-190) 1 0.83 (0.09-7.48)
LACTATION 0.0202 1.0000

N 25 14 041(0.19-088) 3 1.06 (023 - 4.80)

s 44 60 1.00 5 1.00
MENOPAUSE (age) 0.9612 0.5868

<53 39 50 1.00 8 1.00

> 54 8 10 098(035-270) 0 366 (0.19 - 69.69)
MENOPAUSAL STATUS 04452 0.3090

N 31 31 078(042-147) 2 0.38 (0.08 - 1.91)

Y 47 60 1.00 8 1.00
SMOKING 0.6548 04631

N 59 7 086(044-169) 6 179 (0.46 - 6.94)

Y » 23 1.00 4 1.00
HISTOLOGIC TYPE* 04528 0.0571

DCI 80 90 1.00 8 1.00

LCI and others 2 5 179(032-954) 2 12.09 (103 - 142.03)
HISTOLOGIC GRADE* 0.8522 06161

lor2 1 13 1.00 2 1.00

3 68 74 090(031-221) 7 0.28 (0.04 - 1.98)
NUCLEAR GRADE* 0.4766 0.0800

lor2 35 33 1.00 7 1.00

3 44 52 123(063-240) 2 028 (0.05 - 1.62)
STAGING* 0.9206 0.5034

172 46 54 1.00 4 1.00

3/4 36 41 104(056-195) 6 235 (0.57-9.61)
HORMONE RECEPTORS* 0.0300 0.3606

N 13 28 225(1.03-490) 3 2.19 (0.44 - 10.96)

p 63 60 1.00 6 1.00

* after adjusting for age, ethnic group, menopausal status and smoking
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Figure 1 - Exons 4 and 5 of the GSTMI gene and exon 4 and intron 4 of the GSTT1
gene amplified by Multiplex polymerase chain reaction of (PCR): 480 pb (GSTTI) and
273 pb (GSTM1). A fragment of the beta globin gene, including exon 3 and sequence of
introns 2 and 3, was amplified in the same reaction and served as control for the DNA

sample (first column). Both deletions are presented on the second column.
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4. Conclusoes

As frequéncias das delegdes homozigéticas dos genes GSTM1 e GSTT1 e
de suas combinagdes foram semelhantes nos grupos com CME e no grupo-

controle.

A menor ocorréncia da delegdo homozigotica do gene GSTM1 em mulheres
com CME se associou a etnia parda; a ocorréncia de pelo menos uma das

dele¢cbes homozigoticas se associou a mulheres que ndo amamentaram.

A menor ocorréncia da delegdo homozigética do gene GSTT1 em mulheres com
CME se associou a tumores melhor diferenciados. Ja a ocorréncia de pelo
menos uma das delegbes homozigdticas se associou com a auséncia de
expressao dos receptores hormonais. Ainda, a ocorréncia de ambas as delegdes
homozigdticas se associou a tipos histologicos diferentes do carcinoma ductal

invasivo classico.
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7. Anexos

7.1. Anexo 1 — Check List

Polimorfismos genéticos do sistema da glutationa S-transferase:
epidemiologia e fatores prognésticos do cancer de mama esporadico

Pesquisador: Cassio Cardoso Filho

SIM NAO

Sexo feminino a a
Idade > 25 e < 90 anos a a
Antecedente pessoal negativo para cancer de mama d d
Conhece seus antecedentes familiares a a
Antecedente familiar de primeiro grau negativo para cancer 0 0
de mama

Grau de compreensao adequado frente aos 0 0
questionamentos do pesquisador

Se todas as questdes forem respondidas como “SIM”, o sujeito sera incluido no projeto sob o
ndmero: a CASO O CONTROLE
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7.2. Anexo 2 - Ficha para coleta de dados

Polimorfismos genéticos do sistema da glutationa S-transferase:
epidemiologia e fatores prognésticos do cancer de mama esporadico

Pesquisador: Cassio Cardoso Filho

Numero na pesquisa: Data programada da cirurgia: /[
1. Idade: anos Qign

2. ldade a menarca: anos 4 ign

3. Idade a menopausa:______anos U nao se aplicall ign

4. Idade a primeira gravidez a termo: anos U n&o se aplica 4 ign

5. Lactagéo (por tempo maior do que 06 meses): U sim U nao

6. TRH por mais de 05 anos: a sim d nao Qign

7. Habito tabagico: U nunca fumou, ou parou ha mais de 10 anos
4 fumante, ou parou ha menos de 10 anos (inclusive)

8. Etilismo: O sim U nao

9. Etnia:
[1] Branca, sem antecedente de miscigenag¢do com outras etnias
[2] Parda, ou branca com antecedente de miscigenagéo com etnia negra
[3] Branca, com antecedente de miscigenagado com etnia amarela
[4] Branca, com antecedente de miscigena¢do com indigenas

[5] Negra

[6] Amarela

[7] Outros
10. GH iy a2 a3 dign U nao se aplica
11. GN a1 a2 a3 dign U nao se aplica
12. RE a(+) a(-) dign U nao se aplica
13. RP a(+) a(-) U ign U ndo se aplica
14. Estadiamento al Qlla Qlib Qlila Qb Qllic QAlv

4 ignorado U ndo se aplica

Nome: HC:
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7.3. Anexo 3 — Carta de aprovacao do projeto CP - DTG — FCM — Unicamp

SOMISSAO
MESQUISA

Campinas, 11 de setembro de 2003

QO protocolo de pesquisa “INFLUENCIA DO POLIMORFISMO DOS ALELOS DO SISTEMA DA
GLUTIONA S-TRANSFERESE UM 1 (GSTM1) E THETA 1 (GSTT1) NA SUSCEPTIBILIDADE AO
CANCER DE MAMA ESPORADICO” da pesquisadora Maria Salete Costa-Gurgel foi
aprovado pela Comissdo de Pesquisa do DTG/FCM/UNICAMP e encaminhado ao Comité

de Etica em Pesquisa-FCM-UNICAMP.

Atenciosamente,

/ IS

e et A

Profa. Dra. Lucia Helena Costa Paiva

Presidente da Comissdo de Pesquisa
Departamento de Tocoginecologia - DTG/FCM/UNICAMP

Comisséo de Pesquisa-FCM-DTG-UNICAMP
Rua Alexander Flemming, 101 - Cidade Universitaria Zeferino Vaz — Campinas/SP
Fones: (019) 3788-9402/3788-9403
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7.4. Anexo 4 — Carta de aprovacao do projeto no CEP — FCM — Unicamp

“'} FACULDADE DE CIENCIAS MEDICAS
& A COMITE DE ETICA EM PESQUISA
v " B4 Caixa Postal 6111

‘.\ 13083-970 Campinas, SP
UNICAMP ® (0__19) 3788-8936

fax (0__19) 3788-8925
8 cep@head.fcm.unicamp. br

CEP, 17/12/02
(Grupo I

PARECER PROJETO: N° 582/2002
I-IDENTIFICACAO:

PROJETO: “INFLUENCIA DOS POLIMORFISMOS DOS ALELOS DO DO
SISTEMA DA GLUTATIONA S-TRANSFERASE MU 1 (GSTM1) E THETA i
(GSTT1) NA SUSCEPTIBILIDADE AO CANCER DE MAMA ESPORADICO”
PESQUISADOR RESPONSAVEL: Carmen Silvia Passos Lima

INSTITUIGAO: HEMOCENTRO/UNICAMP

APRESENTACAO AO CEP: 12/12/2002

II - OBJETIVOS

Determinar a frequéncia de ocorréncia das delegdes homozigoticas dos genes
GSTM1 e GSTT1 do sistema glutationa-S-transferase em um grupo de pacientes portadores
de cancer de mama esporadico € em um grupo controle.

III - SUMARIO

Serdo investigados 300 pacientes portadores de cincer de mama esporéadico e 300
individuos normais. Os pacientes encontram-se em seguimento clinico nos ambulatérios
do CAISM e os individuos controles serdo doadores de sangue. Sera feita uma coleta de
sangue para analise de DNA em todos os sujeitos de pesquisa e nos casos dos pacientes sera
extraido também DNA de um fragmento do tumor que for retirado cirurgicamente.

IV - COMENTARIOS DOS RELATORES

Trata-se de um estudo de grupo I, onde serdo analisados fatores de susceptibilidade
ao cancer de mama. O projeto estd bem estruturado. O DNA serd guardado e estudos
futuros serdo apresentados ao Comité de Etica. Ao final do trabatho, como se trata de uma
analise de susceptibilidade, os pacientes deverdo ser informados dos resultados obtidos.
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V-PARECER DO CEP . -

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP,
apds acatar os pareceres dos membros-relatores previamente designados para 0 presente
caso e atendendo todos os dispositivos das Resolugdes 196/96 e 251/97, bem como ter
aprovado o Termo do Consentimento Livre e Esclarecido, assim como todos 0s anexos
incluidos na Pesquisa, lembrando que o pesquisador deve:

a) no caso de utilizacio do _material biolégico para um novo estudo, um
novo protocolo deveri ser submetido ao CEP/FCM.
b) os resultados e conclusdes deverfio ser informados aos pacientes no

final do estudo, bem como feita a orientacdo genética.

VI - INFORMACOES COMPLEMENTARES

O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu
consentimento em qualquer fase da pesquisa, sem penalizagdo alguma e sem prejuizo ao
seu cuidado (Res. CNS 196/96 — Item IV.1.f) e deve receber uma copia do Termo de
Consentimento Livre e Esclarecido, na integra, por ele assinado (Item I'V.2.d).

Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo
aprovado e descontinuar o estudo somente ap6s analise das razdes da descontinuidade pelo
CEP que o aprovou (Res. CNS Item III.1.z), exceto quando perceber risco ou dano néo
previsto ao sujeito participante ou quando constatar a superioridade do regime oferecido a
um dos grupos de pesquisa (Item V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que
alterem o curso normal do estudo (Res. CNS Item V.4.). E papel do pesquisador assegurar
medidas imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha
sido em outro centro) e enviar notificagio ao CEP e a Agéncia Nacional de Vigilancia
Sanitaria — ANVISA — junto com seu posicionamento.

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP
de forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas
justificativas. Em caso de projeto do Grupo I ou II apresentados anteriormente 2 ANVISA,
o pesquisador ou patrocinador deve envid-las também & mesma junto com O parecer
aprovatorio do CEP, para serem juntadas ao protocolo inicial (Res. 251/97, Item II1.2.¢)

Relatorios parciais e final devem ser apresentados ao CEP, de acordo com os prazos
estabelecidos na Resolugdo CNS-MS 196/96.

Atencdo: Projetos de Grupo I serdo encaminhados 2 CONEP e s6 poderio ser
iniciados apés Parecer aprovatorio desta.

VII - DATA DA REUNIAO I T

Homologado na XII Reunizo Ordinaria do CEP/FCM, em 17 de dezembro de 2002. '

Prof. Dr. Sebastido Araijo

PRESIDERTE do COMITE DE ETICA EM PESQUISA
FCM / UNICAMP
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7.5. Anexo 5 — Carta de aprovacao do projeto no CONEP

FaGE 05

94/83/2021 15:18 BEIZ2ER453 COHEP

MINISTERIO DA SAUDE
Conselho Naclonal de Saude
Comissao Naclonal de Etica em Pesquisa - CONEP

PARECER N° 504/2003
Registro CONEP: 7238 (Este n® deve ser citado nas correspondéncias referentss a este projeto )

Registrc CEP: 582/2002 Processo n° 25000.007434/2003-12
Projeto de Pesquisa: “Influéncia dos polimorfismos dos alelos do sistema glutationa
um 1 ( GSTM1) e THETA 1 ( GSTTI1) na susceptibilidade ao Céncer de mama
esporddico " :
Pesquisador Responsavel : Dr.®? Carmen Silvia Passos Lima
Instituigao: Faculdade de Ciéncias Médicas / UNICAMP
Area Tematica Especial :Genética Humana

Ao se proceder a andlise das respostlas ao Parecer 287/2003, relativo
ao projeto em questéo, considerou-se que:

a) foram alendidas as solicitagoes co referidu parecer;

b) o projeto preenche 0s requisitos fundamentais da Resolugdo CNS
196/96 sobre Diretrizes e Normas Regulamentadoras de Pesquisas Envolvendo
Seres Humanos;

¢) ¢ projelo foi aprovado pelo Comilé de Etica em Pesquisa da
instituigao supracitada .

Diante do exposto, a Comissdo Nacional de Etica em Pesquisa -
CONEP, de acordo com as atribuicoes definidas na Resolugdo CNS 196/96,

manifesta-se pela aprovagao do projeto de pesquisa proposto.

Situagao : Projeto aprovado
Brasilia, 28 de margo de 2003

- 4
A2
2 ;«éc: A AR

-

~ WILLIAM SAAD HOSSNE
~ Coordenador da CONEP/CNS/MS
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7.6. Anexo 6 — Termo de Consentimento Livre e Esclarecido (casos)

Influéncia dos polimorfismos dos alelos do sistema da glutationa S-transferase Mu 1
(GSTMT) e Theta 1 (GSTT1) na susceptibilidade ao cancer de mama esporadico

Pesquisador: Cassio Cardoso Filho

Nome:
Idade: anos RG: HC:
Endereco:

Nome do responsavel legal (se aplicavel):

RG: Grau de parentesco:

Endereco:

Aceito participar de um estudo no CAISM — UNICAMP sobre alteragdes genéticas que podem estar
envolvidas no aparecimento do cancer de mama. Isto ainda ndo esta comprovado, e a anélise do meu
DNA poderd ajudar a esclarecer essa duvida. Assim eu contribuirei para um melhor entendimento dos
fatores que levam ao surgimento do cancer de mama, para o progresso de exames diagndsticos

e para novas formas de tratamento. Minha contribuicdo sera autorizar a utilizacao de:

m uma parte do sangue colhido antes da cirurgia ou da quimioterapia para a analise de DNA.

Compreendo que néo terei prejuizos com a realizagao desta analise.

m informagdes do meu prontuario médico, sabendo que meus dados pessoais de identificagao

serao mantidos em sigilo pelo pesquisador.

Fui informada que posso sair do estudo a qualquer momento e que isto ndo vai prejudicar o
meu tratamento no CAISM. Se tiver qualquer duvida sobre o estudo poderei procurar o Dr.
Cassio Cardoso Filho ou a Dra. Maria Salete Costa-Gurgel, Tel: (19) 3788-9305. Em caso de
reclamacdes sobre qualquer procedimento do estudo, poderei procurar a secretaria do Comité
de Etica da FCM - UNICAMP, Tel: (19) 3788-8936. Eu li/ouvi o conteido deste termo e recebi

esclarecimentos sobre as minhas duvidas oralmente.

Assinatura do sujeito ou do responsavel legal Assinatura do pesquisador

Campinas, / /
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7.7. Anexo 7 — Termo de Consentimento Livre e Esclarecido (doadores)

Influéncia dos polimorfismos dos alelos do sistema da glutationa S-transferase Mu 1
(GSTMT) e Theta 1 (GSTT1) na susceptibilidade ao cancer de mama esporadico
Pesquisador: Cassio Cardoso Filho

Nome:
Idade: anos RG: HC:
Endereco:

Nome do responsavel legal (se aplicavel):

RG: Grau de parentesco:

Endereco:

Fui convidada a participar de um estudo no HEMOCENTRO — UNICAMP por ser uma pessoa sadia.
O objetivo do estudo é estudar as alteragbes genéticas que podem estar envolvidas no aparecimento
do cancer de mama. Isto ainda ndo esta comprovado, e a analise do meu DNA podera ajudar a
esclarecer esta associagdo, contribuindo para um melhor entendimento dos fatores que levam ao
surgimento desta doenga, podendo colaborar para o progresso de exames para o diagndstico e para
novas formas de tratamento. O pesquisador necessita de um grupo de mulheres sem cancer de mama

para comparar com as que tém esta doenga. Minha contribuigdo sera a de autorizar a utilizagdo de:

m  Uma parte do sangue colhido quando da doacgdo de sangue para a analise de DNA. Compreendo

que nao terei prejuizos com a realizagao desta analise.

m Informagdes do meu prontuario médico, sabendo que meus dados pessoais de identificacdo

serao mantidos em sigilo pelo pesquisador.

Fui informada que posso sair do estudo a qualquer momento e que isto ndo vai me trazer prejuizos.
Se tiver qualquer duvida sobre o estudo poderei procurar o Dr. Cassio Cardoso Filho, Tel: (19)
3788-9305 ou a Dra. Carmen Silvia Passos Lima , Tel: (19) 3788-8740. Em caso de reclamagdes
sobre qualquer procedimento do estudo, poderei procurar a secretaria do Comité de Etica da FCM -
UNICAMP, Tel: (19) 3788-8936. Eu li/ouvi o conteludo deste termo e recebi esclarecimentos

sobre as minhas duvidas oralmente.

Assinatura do sujeito ou do responsavel legal Assinatura do pesquisador

Campinas, / /
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7.8. Anexo 8 — Planilhas de calculos do tamanho amostral dos polimorfismos
do sistema GST

“CONTROLES”

Equilibrio de Hardy-Weinberg (HW) - Polimorfismo do gene GSTM1

Gendtipo Observado(0) %  freq Genotipo Esperado (E) O-E (O-E)? (O-E)2E
AA 0 Valordep 0,33 AA 33,00 -33,00  1089,08 33,00
AB 0 Valordeq 0,67 AB 133,00 -133,00 17688,67 133,00
BB 134 44,67 0,45 BB 134,00 0,00 0,00 0,00

Total 300 0,45 1,00 X2 166,000
HW  Desequilibrio
GL 1

p value 0,0001

Calculo do tamanho amostral - GSTM1

E ** (30%) 0,20 E(20%) 0,13

N ***(30%) 21,18 N (20%) 47,66

Equilibrio de Hardy-Weinberg (HW) - Polimorfismos do gene GSTT1

Gendtipo Observado(0) %  freq Gendtipo Esperado(E) O-E (O-E)? (O-E)¥E
AA 0 Valordep 0,58 AA 102,20 -102,20  10444,86 102,20
AB 0 Valordeq 0,42 AB 145,80 -145,80 21257,62 145,80
BB 52 17,33 0,17 BB 52,00 0,00 0,00 0,00

Total 300 0,17 1,00 X2 248,000
HW  Desequilibrio
GL 1

p value 0,0001

Calculo do tamanho amostral - GSTT1

E (30%) 0,12 E(20%) 0,08
N (30%) 59,84 N (20%) 134,64
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Equilibrio de Hardy-Weinberg (HW) - Polimorfismos dos genes GSTM1e GSTT1

Gendtipo Observado(0) %  freq Gendtipo Esperado(E) O-E (O-E)? (O-E)¥E
AA 0 Valordep 0,72 AA 154,29 -154,29  23806,75 154,29
AB 0 Valordeq 0,28 AB 121,71 -121,71  14812,26 121,71
BB 24 8,00 0,08 BB 24,00 0,00 0,00 0,00

Total 300 0,08 1,00 X2 276,000
HW  Desequilibrio
GL 1

p value 0,0001

Calculo do tamanho amostral - GSTM1e GSTT1
E (30%) 0,08 E(20%) 0,06
N (30%) 108,23 N (20%) 243,51

* Segundo Beiguelman, numa amostra de n individuos, x apresentam fenétipo recessivo autossdmico. Se aceita-se que a hipdtese
esta verdadeira (AA=p?, Aa=2pq e aa=q?), pode-se aceitar que x/n determina a frequéncia q?

** Erro tolerado (E), com probabilidade de 95%, a 30% e 20% da frequéncia real
E = q x precisao da estimativa (em percentual)

*** Tamanho amostral (N), depende da precisdo da estimativa: N = (1,96)2x p x q/ E2
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