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Analise dos polimorfismos por dele¢cdo de GSTM1 e GSTTL1 e niveis
de glutationa em pacientes com carcinoma mamario:
suscetibilidade e progndstico

Resumo

O céancer de mama € uma doenca heterogénea e de incidéncia mundial, sendo
considerado uma questdo de saude publica. Os fatores externos ambientais,
genericamente denominados de xenobibticos, impactam diretamente no
desenvolvimento e no curso dessa doenca. A metabolizacdo de xenobibticos e de
seus subprodutos garante a eliminacédo de compostos que poderiam ser danosos ao
organismo e essa acdo é desempenhada, também, pelas enzimas glutationas-S-
transferases (GSTs). Os genes glutationa-s-transferase mu 1 (GSTM1) e glutationa-
s-transferase theta 1 (GSTT1) pertencem as classes mu e theta, respectivamente.
Individuos com variantes polimorficas das GSTs possuem menor eficiéncia na
detoxificacdo de metabdlitos provenientes de drogas ou carcindégenos e,
consequentemente, esses individuos podem ser mais suscetiveis ao desenvolvimento
de doencas como o cancer. Nesse sentido, o presente trabalho visou avaliar os
polimorfismos por delecdo de GSTM1 e GSTT1 e os niveis glutationa em pacientes
com cancer de mama e suas correlacdes clinicopatologicas. Participaram do estudo
121 mulheres com cancer de mama ductal invasivo (CDI) e 151 mulheres livres de
neoplasia. A extracdo do DNA das pacientes foi feita por Salting out e das mulheres
controle pelo Kit de Extracdo Mini Spin Plus (BioPur, Curitiba, Parana, BR). A analise
dos polimorfismos foi realizada usando a técnica de Reacao da polimerase em cadeia
(PCR) Multiplex. As dosagens de glutationa foram realizadas com o reagente de
Ellman, a partir das aliquotas de plasma das pacientes. De acordo com o estudo caso-
controle, os polimorfismos GSTT1l e GSTM1 parecem nao ser candidatos a
marcadores de suscetibilidade ao céncer de mama. Além disso, eles ndo se
mostraram marcadores prognoésticos ao serem correlacionados com parametros da
doenca. Resultados significativos foram obtidos entre a presenca de GSTT1 e uma
concentracdo reduzida de GSH em pacientes com histérico de estresse cronico.
Também houve significancia entre o gendétipo duplo positivo e um aumento de GSH
na presenca de embdlos angiolinfaticos, bem como significancia entre o gendtipo

duplo deletado e um alto valor de ki67 (> 14%). Estes resultados mostram que GSH



tem um comportamento diferente na presencga ou auséncia desses genes. Com esse
trabalho espera-se poder contribuir para o desenvolvimento de estudos adicionais,
levando em consideracéo a necessidade de estabelecer novos marcadores para essa

neoplasia, dada a sua consideravel prevaléncia entre as mulheres.

Palavras-chave: cancer de mama, polimorfismo genético, GSTs, xenobidticos,
glutationa reduzida.



Analysis of GSTM1 and GSTT1 deletion polymorphisms and
glutathione levels in patients with breast carcinoma: susceptibility
and prognosis

Abstract

Breast cancer is a heterogeneous disease of worldwide incidence and is considered a
public health issue. External environmental factors, generically called xenobiotics,
have a direct impact on the development and progression of this disease. The
metabolization of xenobiotics and their byproducts ensures the elimination of
compounds that could be harmful to the body and this action is also performed by the
glutathione-S-transferase enzymes (GSTs). The genes glutathione transferase mu 1
(GSTM1) and glutathione transferase theta 1 (GSTT1) belong to the mu and theta
classes, respectively. Individuals with polymorphic variants of GSTs are less efficient
in detoxifying metabolites from drugs or carcinogens and, consequently, these
individuals may be more susceptible to the development of diseases such as cancer.
Therefore, this study aimed to evaluate polymorphisms by deletion of GSTM1 and
GSTT1 and glutathione levels in patients with breast cancer and their
clinicopathological correlations. A total of 121 women with invasive ductal breast
cancer (CDI) and 151 women free of neoplasia participated in the study. DNA
extraction of patients was performed by Salting out and of control women by the Mini
Spin Plus Extraction Kit (BioPur, Curitiba, Parana, BR). Polymorphism analysis was
performed using the Multiplex polymerase chain reaction (PCR) technique. Glutathione
dosages were performed with Ellman's reagent from the patients' plasma aliquots.
According to the case-control study, the GSTT1 and GSTM1 polymorphisms do not
seem to be candidates for markers of susceptibility to breast cancer. In addition, they
did not show prognostic markers when correlated with disease parameters. Significant
results were obtained between the presence of GSTT1 and a reduced concentration
of GSH in patients with a history of chronic stress. There was also significance between
the double positive genotype and an increase in GSH in the presence of
angiolymphatic emboli, as well as significance between the double deleted genotype
and a high ki67 value (> 14%). These results show that GSH has a different behavior

in the presence or absence of these genes. This study is expected to contribute to the



development of additional studies, taking into account the need to establish new

markers for this neoplasm, given its considerable prevalence among women.

Keywords: breast cancer, genetic polymorphism, GSTs, xenobiotics, reduced
glutathione.
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1. INTRODUCAO

O cancer é uma doenca heterogénea e de incidéncia mundial, sendo
considerado uma questao de saude publica. Conforme mostra o panorama da Agéncia
Internacional para Pesquisa em Cancer (IARC), para 2018, estimou-se 18,1 milhdes
de novos casos e 9,6 milhdes de Obitos. Ressalta-se, que 0 carcinoma mamario esta
em segundo lugar no ranking de causas de morte por cancer no mundo, com 11,6%
do total, seguido pelo de préstata em terceiro, com 7,1% (Bray et al., 2018). Segundo
dados do Instituto Nacional do Céancer (INCA), no Brasil, ha estimativas de
aproximadamente 60 mil novos casos de neoplasia mamaria para os anos de 2018 e
2019. Alem disso, desconsiderando os tumores de pele ndo melanoma, esse € o tipo
mais incidente na regido Sul do pais, revelando um risco estimado de 73,07 casos a
cada 100 mil mulheres (Inca, 2017).

Assim como os demais tipos de céncer, o desenvolvimento do carcinoma
mamario € complexo e é influenciado ndo somente pela genética, mas também por
variaveis ambientais como o estilo de vida, idade (Anders et al., 2009; Fredholm et al.,
2009), fatores hormonais (Yerushalmi et al., 2010), menopausa (Ahmed et al., 2016),
tabagismo (Catsburg et al., 2015), exposicéo a radiacéo ionizante (Boice et al., 1991)
e sobrepeso (Sebastiani et al., 2016).

Entre esses fatores, destaca-se a idade ao diagnostico sendo mais incidente
em mulheres acima de 50 anos de idade. Quando diagnosticado em mulheres jovens
essa neoplasia pode ser mais agressiva e com prognéstico menos favoravel nesses
casos se comparadas aquelas diagnosticadas no grupo de mulheres com mais idade
(Anders et al., 2009; Fredholm et al., 2009). A menopausa tardia (apds os 55 anos de
idade) também consiste em um fator de risco importante, devido a maior exposi¢cao
hormonal que essa mulher sofre (Winters et al., 2017).

Fatores externos como o historico de estresse emocional crénico tem sido
associados ao desenvolvimento do cancer de mama (Kornblith et al., 2001). Além
disso, em estudo brasileiro, foi demonstrado que esse parametro estava associado a
uma coorte de pior prognostico, caracterizados por presengca majoritaria de
superexpressado do Receptor do fator de crescimento epidermal humano 2 (HER2) e
obesidade (Cormanique et al., 2015).
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A carcinogénese é acompanhada de diversos fatores desencadeantes como o
acumulo de mutacdes celulares que marcam o inicio de uma neoplasia, levando a
manutencdo da proliferagdo celular, inibicdo dos supressores de crescimento,
resisténcia a apoptose, aumento da angiogenése e capacidade em realizar metastase
(Hanahan e Weinberg, 2000). O desenvolvimento dessa patologia também é
influenciado pela evasdo ao sistema imunologico e pelo conjunto de fatores que
regulam o metabolismo energético do individuo, mostrando que o microambiente em
gue o tumor estd inserido é crucial para o entendimento do desenvolvimento e
progresséo dessa doenca (Hanahan e Weinberg, 2011).

Para entender a origem e o desenvolvimento do cancer de mama é preciso
compreender que esta doenca abrange diferentes tipos histologicos, os quais
recebem uma classificacdo de acordo com sua origem, localizacéo e caracteristicas
morfologicas. Os carcinomas correspondem aos tumores malignos de origem epitelial
e compreendem a maioria dos canceres de mama, sendo divididos em duas classes:
in situ e invasivos. A primeira € caracterizada por células tumorais localizadas no
ducto, cancer ductal in situ (CDIS) ou no I6bulo, cancer lobular in situ (CLIS) das
glandulas mamarias. Ja4 os carcinomas invasivos compreendem a classe em que a
membrana basal € parcial ou totalmente destruida, sendo o tipo mais comum o
carcinoma ductal invasivo (CDI) (Hondermarck et al., 2001).

Os CDIs nao possuem especificagdo que permita uma classificacdo em
subtipos especiais, dessa forma, parametros como o0 grau histopatolégico sao
utilizados para subclassificar esses tumores conforme o pleomorfismo nuclear,
guantidade de mitoses e indice de formacao dos componentes funcionais da mama,
0s tubulos e as glandulas. A partir disso, o tumor de mama pode ser dividido em graus
I, 11 e 1, conforme a diferenciacdo do carcinoma em bem diferenciado,
moderadamente diferenciado e pouco diferenciado, respectivamente. Este parametro
€ tido como um fator progndstico significante, uma vez que a sobrevida piora em uma
relacdo direta com o aumento do grau histoldgico da paciente, visto que quanto menos
diferenciado, menos semelhante sdo as células tumorais em relacdo as células
normais da mama (Elston e Ellis, 1991; Rakha et al., 2010).

Para auxiliar no direcionamento do tratamento do céncer de mama, é
preconizado pela Unido Internacional de Controle ao Cancer (UICC), o uso do sistema
de estadiamento Tumor-Noédulo-Metastase (TNM). Este sistema visa estratificar o

tumor conforme sua extensédo, levando em consideragéo o tamanho do tumor primario
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(T), o acometimento ou nao dos linfonodos regionais (N) e a presenca ou auséncia de
metastase a distancia (M), permitindo a classificagdo do tumor em categorias de 0 a
IV (Sobin et al., 2009). Mais recentemente, adicionou-se fatores prognosticos a esse
sistema, visando avaliar mais especificamente cada tumor. Desta forma, a
classificacao atual inclui, além dos parametros ja citados, o grau tumoral, analise de
expressdo de HER2 e dos receptores hormonais de estrogénio e de progesterona,
além de testes gendmicos (Byrd e Greene, 2018) como o Oncotype Dx (Mcveigh e
Kerin, 2017) e o Mammaprint Dx (Xin et al., 2017).

Com relacao aos receptores hormonais, aproximadamente 80% das mulheres
diagnosticadas com cancer de mama possuem tumores positivos para a expressao
de receptores de estrogeno e progesterona, o que Ihes confere melhor prognostico
(Piccart-Gebhart, 2011). Pacientes com tumores positivos para estes receptores
apresentam melhor resposta terapéutica a tratamentos endocrinos quando
comparados com pacientes com tumores sem a expressao desses receptores
(Henderson e Patek, 1998; Salles, M. D. A. et al., 2009). Assim como pacientes que
apresentam a superexpressao de HER2 respondem bem ao tratamento com anticorpo
monoclonal especifico, o trastuzumab. Por outro lado, pacientes portadoras de
tumores com auséncia de expressdo desses receptores cursam com doenca mais
agressiva e de pior resposta ao tratamento (Goldhirsch et al., 2011b; Liu, Z. et al.,
2014).

A analise do indice de proliferacéo (Ki67), o qual € expresso ciclicamente nas
células em fases G1, S, G2 e M, porém ausente em células no periodo GO, possibilita
uma deteccado rapida e facil para a determinacdo do nivel de crescimento celular
(Gerdes et al., 1984). Com isso, além da avaliacdo dos receptores de estrégeno e
progesterona e da expressdo e/ou amplificacdo do oncogene HER2, a avaliacéo
desse marcador intranuclear desempenha um importante papel como fator
prognostico e preditivo na neoplasia mamaria, uma vez que quanto mais a célula
tumoral prolifera, pior é o prognéstico da paciente (Yerushalmi et al., 2010).

A analise desses fatores em conjunto permite realizar a classificacdo molecular
do cancer de mama conforme a expressao dos receptores hormonais de estrégeno
(RE) e progesterona (RP), andlise da superexpressao de HER2 e do Ki67 (Salles, M.
A. et al., 2009; Hammond et al., 2010; Lloyd et al., 2010; Vallejos et al., 2010). A mais
recente classificacdo € proveniente da conferéncia internacional 15th St. Gallen

International Breast Cancer Consensus Conference, na qual foram definidos os cinco
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subtipos principais de cancer de mama mostrados na tabela a seguir, adaptado de
Curigliano et al. (2017).
Tabela 1 — Classificacdo molecular dos tumores mamarios.

Classificacdo Perfil de expresséo Ki67

Luminal A RE+ / RP+/ HER2- <14%

Luminal B RE+ e/ou RP+ / HER2- >14%

Luminal HER RE+/ RP+/HER2 + Qualquer valor
HER2+ RE- / RP- / HER2+ Qualquer valor
Triplo negativo RE- / RP-/ HER2- Qualquer valor

RE: Receptor de estrogeno; RP: Receptor de progesterona; HER2: receptor do
fator de crescimento epidermal humano 2.

Fonte: adaptado de Curigliano et al. (2017).

Entre os parametros prognésticos, o tamanho tumoral tem fundamental
importancia, uma vez que mulheres com tumores menores tem melhor sobrevida em
comparacao aquelas com tumores de tamanhos maiores (Fletcher, 2013). Além disso,
€ importante avaliar o acometimento de linfonodos, uma vez que algumas células
malignas podem invadir preferencialmente linfonodos em vez de érgdos viscerais
(Fidler, 2003). Dessa forma, compreender melhor o contexto da carcinogénese tem
contribuido para mudar as concepcdes de um tratamento mais eficaz, visando atingir
0 maior numero de células tumorais que possam estar em outros locais do corpo.
Logo, fatores como a deteccao precoce da neoplasia mamaria tém contribuido para
uma reducdo no acometimento de linfonodos regionais (Group, 2007).

A presenca de émbolos angiolinfaticos também deve ser avaliada no contexto
do cancer de mama. Esse fator é relacionado a uma resposta do endotélio devido ao
processo inflamatério presente no microambiente tumoral (Hasebe et al., 2008;
Samad e Ruf, 2013), visto que essa patologia é caracterizada por um estado pré-
trombodtico e pré-inflamatoério, sendo a formacdo de émbolos relacionada ao
crescimento tumoral, formagao de novos vasos e invasao de novos sitios, além disso,
esse processo é favorecido em caso de presencga de obesidade (Rubio-Jurado et al.,
2018).
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1.1 Polimorfismos genéticos em genes de metabolizagao

Sabe-se que além do acumulo de mutagBes celulares que marcam o inicio de
uma neoplasia, outros processos tém sido listados como a manutencdo da
proliferacao celular, inibicdo dos supressores de crescimento, resisténcia a apoptose,
aumento da angiogénese e capacidade em realizar metastase (Hanahan e Weinberg,
2000). O desenvolvimento do cancer também € influenciado pela evasdo ao sistema
imunoldgico e pelo conjunto de fatores que regulam o metabolismo energético do
individuo, mostrando que o microambiente em que o tumor esta inserido é crucial para
o0 entendimento do desenvolvimento e progressdo dessa doenga (Hanahan e
Weinberg, 2011).

Os fatores externos ambientais, genericamente denominados de xenobioticos,
impactam diretamente no desenvolvimento e no curso do céncer de mama. A
metabolizacdo de xenobidticos e de seus subprodutos garante a eliminacdo de
compostos que poderiam ser danosos ao organismo e essa acao € desempenhada
pelas enzimas de detoxificacdo de fase |, componentes do sistema do citocromo P450
(Mcfadyen et al., 2004), e pelas enzimas de detoxificacdo de fase Il, que englobam as
as (glutationas-S-transferases (GSTs) (Hayes et al, 2005) e as N-
acetiltransferases (NATs) (Windmill et al., 2000). As GSTs constituem uma
superfamilia de enzimas citosolicas, mitocondriais e microssomais, atuando de forma
a proteger o organismo contra o estresse oxidativo (Daly et al., 1994; Hayes et al.,
2005).

Essa superfamilia € dividida nas classes Alpha, Mu, Omega, Pi, Sigma, Theta
e Zeta, conforme caracteristicas estruturais, quimicas e fisicas. A acdo dessas
enzimas compreende a interacao entre o residuo N-terminal das GSTs, com o grupo
tiol da glutationa reduzida (y-L-glutamil-L-cisteina-glicina, GSH), facilitando sua
conjugacao com 0s compostos a serem excretados, incluindo carcinégenos, drogas e
produtos do metabolismo (Dirr et al., 1994; Oakley, 2011).

Sdo chamados de polimorfismos genéticos as mutacdes no DNA (&cido
desoxirribonucleico) hereditarias que estdo presentes na populacdo com uma
frequéncia superior a 1% (Schafer e Hawkins, 1998), podendo gerar variagbes na
atividade das enzimas codificadas por esses genes, como as dele¢des completas, as
guais conferem um fenétipo nulo (Townsend, Danyelle M. e Tew, Kenneth D., 2003;

Singh, 2015). Estudos mostram que polimorfismos genéticos podem funcionar como
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preditores da suscetibilidade a alguns tipos de cancer, como pulméao (Yuan, Z. et al.,
2015), colorretal (Kakkoura et al., 2017), mama (Krishna et al., 2018) e cervical
(Pandey et al., 2019).

Os genes glutationa-s-transferase mu 1 (GSTM1) e glutationa-s-transferase
theta 1 (GSTT1) pertencem as classes mu e theta, respectivamente. O primeiro esta
localizado no cromossomo 1 e possui 3 variantes, das quais duas sdo funcionais e
uma é nula por delecao (Widersten et al., 1991). Ja o gene GSTT1 esté localizado no
cromossomo 22, apresentando um alelo funcional e outro nulo por delecao (Arruda et
al., 1998). Essas variantes polimérficas nulas por delecao sdo também chamadas de
genotipos deletados ou null, em relacdo ao gendétipo selvagem, que caracterizaria a
presenca do gene e, portanto, da expressao proteica (Di Pietro et al., 2010).

Individuos com variantes polimorficas das GSTs possuem menor eficiéncia na
detoxificacdo de metabdlitos provenientes de drogas ou carcindégenos e,
consequentemente, esses individuos podem ser mais suscetiveis ao desenvolvimento
de doencas como o cancer. Nesse sentido, diversos estudos tém sido publicados a
respeito da influéncia dos polimorfismos de delecdo de GSTT1 e GSTM1 em
associacao com diversas patologias como leiomioma de Utero (Mostafavi et al., 2016),
hipertenséo (Eslami e Sahebkar, 2014), psoriase (Hruska et al., 2017), carcinoma de
prostata (Malik et al.,, 2016) e leucemia mieloide crénica (Weich et al., 2016).
desenvolvimento de algumas malignidades como a leucemia mieloide aguda (He et
al., 2014), cancer de pulméo (Liu, Kui et al., 2014) e carcinoma hepatocelular (Sui et
al., 2014), entretanto, os resultados desses estudos mostram uma relacdo
contraditéria e ainda ndo bem compreendida a respeito da influéncia desses
polimorfismos.

Deve-se, portanto, ressaltar a necessidade da realizacdo de estudos
envolvendo possiveis marcadores moleculares, sobretudo, na area das diferentes
etapas do metabolismo de compostos endégenos e exdgenos, devido a importancia
do conhecimento sobre a presenca destes elementos para nortear o diagndstico e
prognostico das pacientes. Desse modo, o presente trabalho visou avaliar a influéncia
das mutacdes nos genes GSTT1 e GSTM1 e sua relacdo com fatores progndsticos
do cancer de mama, assim como correlacionar os niveis de GSH entre os diferentes

gendtipos observados.
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2. OBJETIVOS

2.1 Geral

Analisar os polimorfismos por delecdo de GSTM1 e GSTT1 e o0s niveis

glutationa em pacientes com cancer de mama e suas correlagées clinicopatoldgicas.

2.2 Especificos

-Estratificar o perfil clinicopatolégico das pacientes com cancer de mama
estudadas.

-Avaliar a associagao entre os polimorfismos de GSTM1 e GSTT1 e o cancer
de mama por meio de um estudo de associagao.

-Avaliar a associacao entre os polimorfismos de GSTM1 e GSTT1 com 0s
parametros clinicopatoldgicos das pacientes.

-Quantificar a glutationa reduzida nas amostras de sangue periférico das
pacientes com céancer de mama e comparar os valores encontrados entre 0s
diferentes gendtipos de presenca e auséncia de GSTM1 e GSTT1.

-Verificar a associacdo entre a concentracdo de glutationa reduzida e os

parametros clinicopatoldgicos, conforme os genotipos de GSTM1 e GSTT1.
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3. METODOLOGIA

3.1 Aspectos éticos

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa envolvendo
Seres Humanos da Universidade Estadual do Oeste do Parang, o qual esta de acordo
com a resolugcdo 196/96 — CNS e aprovado sob o numero CAAE
35524814.4.0000.0107 (anexo A) e pelo Comité de Etica em Pesquisa envolvendo
Seres Humanos da Universidade Estadual de Londrina (5231/CAAE N_
171231134.0000.5231) (anexo B). Todas as participantes assinaram o Termo de

Consentimento Livre e Esclarecido (TCLE) —anexos C e D.

3.2 Caracterizagdo da amostra

A amostra foi composta por 147 mulheres diagnosticadas com cancer de mama
operavel em estadiamento inicial, das quais foram coletados 10 mL de sangue
periférico em tubos contendo EDTA, atendidas no Hospital do Cancer de Francisco
Beltrdo (Ceonc, Francisco Beltrdo - PR) no periodo de janeiro de 2015 a agosto de
2018. No dia da cirurgia as pacientes responderam a um questionario (anexo E) e
também ao Self report questionaire (SRQ) (Cormanique et al., 2015) (anexo F). O
plasma e o buffy coat foram obtidos por meio de centrifugacdo a 4000 rotacBes por
minuto (rpm), durante 5 minutos, com posterior armazenamento a -20°C até o
momento das analises. Apds confirmagao do diagndstico pela bidpsia, foram incluidas
no estudo apenas aquelas com cancer de mama ductal invasivo, resultando em 121
mulheres.

A partir de consulta em prontuarios foram coletados os seguintes dados: idade
ao diagndstico; status menopausal; indice de massa corpérea (IMC), obtido por meio
do calculo da divisdo do peso da paciente pela altura elevada ao quadrado (Misra e
Dhurandhar, 2019), o qual estratifica as pacientes em baixo peso (<18.5), eutréficas
(18.5 — 24.9) e sobrepeso/obesidade (>25); expressao de receptores hormonais
(estrégeno e progesterona), superexpressdo de HER2, valor de Ki67, subtipos,
tamanho tumoral; grau histolégico do tumor; presenca de émbolos angiolinfaticos;

presenca de metastases em linfonodos e recorréncia.
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A partir da entrevista da paciente, obtiveram-se os seguintes dados: exposigao
a agrotoxicos, seja por meio da aplicagdo ou pelo contato indireto; histérico de
estresse crénico; historico familial de cancer de mama, positivas para o historico
familial da sindrome céncer de mama e/ou ovario hereditaria segundo instrumento
SFH-7.

Para compor o grupo controle foram coletados 5 mL de sangue periférico
heparinizado de 151 mulheres que tiveram como critério de inclusdo nao possuir
historia de neoplasia de mama atual ou anterior, de acordo com exame clinico e
mamografia atualizadas para o momento da coleta, no periodo de 2010 a 2011 em
uma Unidade Basica de Saude da cidade de Londrina, Parana, em parceria com o
Laboratério de Estudos e Aplicacdes de Polimorfismo de DNA (LEAP) da Universidade
Estadual de Londrina. Estas amostras foram processadas e armazenadas conforme

descrito anteriormente para as pacientes.

3.3 Delineamento da pesquisa

Inicialmente realizou-se um estudo do tipo caso-controle com o intuito de avaliar
uma possivel associacdo dos polimorfismos de GSTT1 e GSTM1 com a
suscetibilidade ao desenvolvimento do cancer de mama. Em seguida realizou-se um
estudo do tipo transversal na busca por uma correlacdo entre os polimorfismos
estudados e os parametros clinicopatologico das pacientes: idade ao diagndstico;
status menopausal; exposi¢ao a agrotéxicos; historico familial de cancer de mama;
expressao de receptores hormonais (estrogeno e progesterona), superexpressao de
HER2, indice de proliferacdo Ki67; grau histolégico do tumor; presenca de émbolos
angiolinfaticos; presenca de metastases em linfonodos; recorréncia e 6bito. Por fim,
foram realizadas andlises também no sentido de avaliar a relacdo entre a
concentragdo glutationa e os polimorfismos estudados, em relacdo aos parametros

clinicopatoldgicos.

3.4 Extracdo do DNA genémico

A extracao do DNA gendmico das pacientes foi realizado a partir de sangue
periférico por meio do protocolo extracdo Salting-out (Miller et al., 1988).

Primeiramente o tubo com anticoagulante foi centrifugado, apos isso o plasma foi
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separado e armazenado e para o presente trabalho foi utilizado o buffy coat para
prosseguir a extracao. Fez-se uma sequéncia de duas lavagens com agua destilada
gelada, intercaladas com centrifugacdo. Apdés o descarte do sobrenadante,
ressuspendeu-se o pellet em uma solucdo de lise de leucdcitos, adicionou-se
proteinase K (2mg/mL) e solucado de Duodecil Sulfato de Sédio (SDS) a 20%. Apés
homogeneizagéo entre cada etapa, incubou-se os frascos em banho-maria a 37°C
durante 3 horas. Em seguida, acrescentou-se NaCl 6M e agitou-se no vortex,
centrifugou-se por 5 minutos a 4000 rpm e, por fim, separou-se o sobrenadante em
tubos conicos, com posterior adicdo de 2 volumes de etanol absoluto 100% gelado
para precipitar o DNA.

O DNA gendmico das mulheres controle foi extraido a partir de amostras de
200 uL de sangue periférico total pelo Kit de extracao Mini Spin Plus (BioPur, Curitiba,
Parana, BR) de acordo com as instru¢cdes do fabricante.

As amostras de DNA das pacientes e das mulheres controles foram
quantificadas por espectrofotometria, a 260 nm, no aparelho Nanodrop 2000
(NanoDrop Technologies, Wilmington, DE, EUA). A pureza dos analitos foi avaliada
através da razao entre absorbancias obtidas nos comprimentos de 260nm e 280nm,
a qual fornece um parametro de avaliacdo da qualidade do DNA (valores inferiores a

1,8 podem indicar contaminacdo com proteina).

3.5 Reacao em cadeia da polimerase (PCR)

A analise dos polimorfismos foi realizada no LEAP através da técnica de PCR
Multiplex para verificar a presenc¢a ou auséncia dos polimorfismos nos genes GSTM1
e GSTT1 (Abdel-Rahman et al.,, 1996), modificado (Tabela 2). O gene 1Al do
citocromo P450 (CYP1A1) foi usado como controle interno da reacéo. Os iniciadores
para este gene amplificam um fragmento n&do polimorfico de 312 pares de base (pb).
Os fragmentos de 215 e 480 pb séo observados, respectivamente, nos individuos
GSTM1 e GSTT1 positivos (tabela 3). A auséncia de amplificacdo GSTM1 (215 pb)
ou GSTT1 (480 pb), na presenca de controle interno, indica os respectivos genotipos
nulos para cada gene ou para ambos.

Os fragmentos foram amplificados em termociclador PTC-100 (MJ Research,
Inc), submetidos a eletroforese (3V/ml) em gel de poliacrilamida 10% e corados com

nitrato de prata. Para a confirmacéo do tamanho dos produtos amplificados, foram
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utilizados marcadores de DNA (Ladder) de 100 pb, bem como controles de pureza
dos reagentes (branco da reagdo) em cada reagdo de amplificacdo. O perfil
eletroforético dos polimorfismos GSTM1 e GSTT1 esté representado na Figura 1.
Tabela 2 — CondicOes da reacdo de amplificagdo dos polimorfismos dos genes
GSTT1, GSTM1 e CYP1AL.

REAGENTES VOLUME
H20 Milli-Q g.s.p. 6,8 pL
Buffer 10x* 2,5uL
MgCl2 50mm* 1,0 uL
dNTP 1,25 mm* 4,0 pL
Primer sense 2,5 um (T1, CYP, M1)* 1,5uL
Primer anti-sense 2.5 uym (T1, CYP, M1)* 1,5puL
Taq (1:10)* 0,2 pL
DNA template 1,5puL
TOTAL 25,00 pL

*INVITROGEN Life Technologies - Brasil

Tabela 3 — Sequéncias dos iniciadores e respectiva ciclagem usados na reacdo de
amplificacdo dos genes GSTT1, GSTM1 e CYP1Al.

Genes Iniciadores Condigdes da reacao

GSTM1 5’ GAACTCCCTGAAAAGCTAAAGCZ’
5GTTGGGCTAAATATACGGTGG3’

94°C for 5 min, 30 cicles (94°C for 1 min,
CYP1A1:5GAACTGCCACTTCAGCTGTCT3 59°C for 1 min, 72°C for 1 min) 72°C for 5
min

5CAGCTGCATTTGGAAGTGCTCS

GSTT1: 5TTCCTTACTGGTCCTCACATCTC3’
5TCACCGGATCATGGCCAGCA3’
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Figura 1 - Perfil eletroforético para os polimorfismos dos genes GSTM1 e GSTTL1.
Legenda: L - Marcador de tamanho de fragmento de 100pb (Ladder); 1 - GSTT1
presente; 2 — GSTT1 e GSTM1 presentes; 3 - GSTT1 e GSTM1 ausentes; 4 - GSTM1

presente; 5 - Controle negativo (livre de DNA) para ambos os alelos.

3.6 Dosagem de glutationa reduzida

Foram realizadas dosagens de GSH a partir de aliquotas de 100uL de plasma
descongelado a temperatura ambiente, que em seguida foi desproteinizado com
100uL de Acido Tricloroacético (TCA) 50% e centrifugado por 5 minutos em 4000 rpm.
Um volume de 50uL desse sobrenadante foi adicionado a microplaca e misturado a
200 uL de solucao tampao Tris-HCI (0,4 Molar; pH 8,9). Para controle da reacéao foi
realizada uma curva padrao com diluicdo seriada da solu¢do de GSH 0,03 M. Por fim
foi adicionado 50uL de DTNB (reagente de Ellman) 0,01 M (preparado em metanol)
em todas as amostras e na curva. Houve a formagdo de um composto amarelo que
foi detectado por espectrofotometria em comprimento de onda de 405 nm, adaptado
de (Sedlak e Lindsay, 1968).

3.7 Andlise Estatistica

Os dados foram expressos como médiasterros das meédias, e os resultados
foram comparados por Mann-Whitney (dados ndo paramétricos) ou teste t de Student
(dados paramétricos). O teste ANOVA também foi realizado quando comparados mais
de 2 grupos. A associacao caso-controle foi realizada pelo calculo do Odds Ratio (OR)
com intervalo de confianca de 95%. Outras analises estatisticas foram realizadas
utilizando as estatisticas SPSS 25.0 (SPSS inc., Chicago, lllinois, EUA) e GraphPad
Prism verséo 7.00 para Windows (GraphPad Software, San Diego, Califérnia, EUA).

Para todos os dados, o nivel de significancia adotado foi p<0.05.
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5. ARTIGO 1

Polymorphisms in GSTT1 and GSTM1 genes as possible risk
factors for susceptibility to breast cancer development: systematic
review

Leticia Madureira Pacholak, Marla Karine Amarante, Roberta Losi
Guembarovski, Maria Angélica Ehara Watanabe, Carolina Panis.

Abstract

Breast cancer (BC) is a heterogeneous and multifactorial disease. There is a system
formed by glutathione-S-transferases (GSTs) that act in order to protect the organism
against the oxidative stress generated by xenobiotics and their products. Glutathione
transferase mu 1 (GSTM1) and glutathione transferase theta 1 (GSTT1) present null
polymorphic variants by complete deletion and the absence of these enzymes may
influence the susceptibility to several diseases such as BC. This study aimed to
systematically review and evaluate studies regarding the occurrence of polymorphisms
in the GST system in patients with this neoplasia, and investigate the existence of a
possible correlation between the presence/absence of these genetic variants and the
development of this pathology. In this review, the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) protocol was used and the
searches were performed in the portal of the Virtual Health Library (BVS) and in the
PUBMED, resulting in a total of 15 articles. Of these, a possible risk association was
observed between GSTT1 and/or GSTM1 polymorphisms in relation to BC, while some
studies showed a protective association, with better response to chemotherapy in
patients with the presence of GSTM1 variants. On the other hand, some studies
concluded that there was no significant association between these polymorphisms and
susceptibility, as well as in relation to response to chemotherapy. It is important to
observe that a higher prevalence of studies showed association of risk between the
deletions of GSTT1 and GSTML1 and this neoplasia. On the other hand, it should be

noted that the response to treatment can also be influenced by these null genotypes.

Keywords: xenobiotics, glutathione, polymorphism.
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1 INTRODUCTION

Cancer is a heterogeneous disease that affects individuals worldwide. The
International Agency for Research on Cancer (IARC) expected, for 2018, 18.1 million
new cases and 9.6 million deaths by neoplasia. Female breast cancer is in the second
place in the ranking of causes of death by cancer, with 11.6% of all deaths in the world,
followed by prostate tumors (7.1% of cases) (Bray et al., 2018). According to the
National Cancer Institute (INCA), in Brazil, there will be about 60 thousand new cases
of breast cancer for the biennium 2018-2019. Regardless of non-melanoma skin
tumors, this malignancy is the most incident in the Brazilian Southern, resulting in an
estimated risk of 73.07 cases per 100,000 women (Inca, 2017).

Similar to other types of malignant tumors, the development of breast carcinoma
is complex, environmental variables such as lifestyle and intrinsic characteristics of the
patient also influence the development and evolution of this malignant disease, such
as age (Anders et al., 2009; Fredholm et al., 2009), hormone factors (Yerushalmi et
al., 2010), menopause (Ahmed et al., 2016), smoking (Catsburg et al., 2015), exposure
to ionizing radiation (Boice et al., 1991) and overweight (Sebastiani et al., 2016). Thus,
the importance of understanding these elements to determine the diagnosis and
prognosis of patients should be emphasized.

Most of cancers are associated with external risk factors. Therefore, a wide of
substances are constantly entering our organism by several routes, and need to
eliminate in a secure manner to avoid any kind of injury. In this context, there is a
complex system in the body formed by phase | detoxification enzymes, components of
the P450 cytochrome system (Mcfadyen et al., 2004), and by phase |l detoxification
enzymes, that includes the glutathione S-transferases (GSTs) (Hayes et al., 2005) and
the N-acetyltransferases (NATs) (Windmill et al., 2000). This system, altogether with
GSTs, is responsible for metabolize environmental and xenobiotic factors that can be
potentially associated with the rise of carcinogenesis (Hayes et al., 2005).

The GSTs represent a superfamily of cytosolic, mitochondrial and microsomal
enzymes, which act to protect the body against the oxidative stress generated by the
presence of xenobiotics and their products (Daly et al., 1994; Hayes et al., 2005). This
superfamily is divided into Alpha, Mu, Omega, Pi, Sigma, Theta and Zeta classes,

according to its structural, chemical and physical characteristics. The action of these
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enzymes includes the interaction between their N-terminal residue with the thiol group
of the glutathione peptide in its reduced form (y-L-glutamyl-L-cysteine-glycine, GSH),
providing the conjugation of compounds to be excreted, including carcinogens, drugs
and products of metabolism (Dirr et al., 1994; Oakley, 2011).

Genetic polymorphisms can lead to variations in the activity of the enzymes,
resulting in combinations ranging from partial to complete deletions, which can result
even in a null phenotype (Townsend, Danyelle M. e Tew, Kenneth D., 2003; Singh,
2015). The glutathione transferase mu 1 (GSTM1) and glutathione transferase theta 1
(GSTT1) genes belong to the mu and theta classes, respectively, present null
polymorphic variants by complete deletion also called null genotypes, in relation to the
wild genotype, and are characterized by the total absence of the proteins (Di Pietro et
al., 2010).

It is known that these deletion polymorphisms are associated with the
development of several diseases, such as uterine leiomyoma (Mostafavi et al., 2016),
hypertension (Eslami e Sahebkar, 2014), psoriasis (Hruska et al., 2017), prostate
carcinoma (Malik et al., 2016) and chronic myeloid leukemia (Weich et al., 2016),
among others. In this context, studies show that genetic polymorphisms of this system
may act as predictors of susceptibility to some types of cancer, such as lung (Yuan, Z.
et al., 2015), colorectal (Kakkoura et al., 2017), breast (Krishna et al., 2018) and
cervical (Pandey et al., 2019).However, few studies have discussed the clinical
meaning of such variants, as well its correlation with the parameters that are
determinant of poor prognosis.

This study aimed to systematically review and evaluate studies regarding the
occurrence of polymorphisms in the GST system in patients with breast cancer, and
investigate the existence of a possible correlation between the presence/absence of
these genetic variants and the susceptibility, as well as in relation to the determinants

of prognosis of this pathology.

2 MATERIALS AND METHODS

Review protocol

This review used the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) protocol, adapted from Moher et al. (2009).
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Literature search

From April to May 2018, the regional portal of the Virtual Health Library (BVS)
was used and from August to November 2018, the PUBMED portal was used to
perform the searches. In the BVS, the descriptors were "glutathione transferase",
"cancer”, "neoplasia” and "polymorphism". In the search performed at PUBMED, the
descriptors used were "glutathione transferase”, "breast cancer" and "genetic
polymorphism®”. Then, the filters were selected: Portuguese and English language, type
of document (article), published between 2013 and 2018. In addition, complete
readings of literature reviews and systematic reviews with similar subjects were

performed.

Eligibility

The studies were pre-selected by reading of their tittes and abstracts, and

separated for further analysis and extraction of data.

Inclusion and exclusion criteria

Inclusion criteria were: 1 - influence of GSTT1 and/or GSTM1 polymorphisms
on breast cancer; 2 - association of GSTT1 and/or GSTM1 polymorphisms with
carcinogens; 3 - evolution of the disease in relation to these polymorphisms; 4 -
response to treatment. Is was considered as exclusion criteria: 1 - review studies,
meta-analyses, case reports or comments; 2 - association studies with chemotherapy
toxicity; 3 - other types of cancer or hematological malignancies; 4 - clinical trials of
drugs; 5 - studies containing incomplete data.

Biases

The possible biases of the eligible studies were analyzed according to the
limitations of each study, such as sample size, statistics of the results and the

parameters involved.
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3 RESULTS

Elegible studies

From the first searching in the BVS database, 760 articles were obtained. After
applying the filters of interest, a total of 130 articles were found and after reading the
tittes and abstracts, 17 articles were selected for complete analysis. Of this, 12 articles
(Martinez-Ramirez et al., 2013; Possuelo et al., 2013; Sohail et al., 2013; Tulsyan et
al., 2013; Zgheib et al., 2013; Liu, J. et al., 2014; Jaramillo-Rangel et al., 2015; Soto-
Quintana et al., 2015; Wang et al., 2015; Yuan, P. et al., 2015; Zhou et al., 2015;
Kakkoura et al., 2017) were selected to integrate this systematic review.

In Pubmed database, 235 articles were found and, after selecting the filters, 48
articles remained, of which 21 were selected for full reading. At the end, 12 articles
were judged satisfactory to compose this study, 9 of them (Possuelo et al., 2013;
Tulsyan et al., 2013; Liu, J. et al., 2014; Jaramillo-Rangel et al., 2015; Soto-Quintana
et al., 2015; Wang e Huang, 2015; Yuan, P. et al., 2015; Zhou et al., 2015; Kakkoura
et al., 2017) were common to those found in the BVS search and the others were
different (Wang, 2015; Campos et al., 2017; Garcia-Martinez et al., 2017). Other
articles from literature review readings were not included, because these articles did
not satisfy the inclusion criteria, were not publications from the last 5 years, according
to the interest of the present study or were already included. Thus, a total of 15 articles

were included in this review.

Characteristics of the studies

The studies selected for systematic analysis are presented in Table 1, of which
12 are available on the Medline platform (Martinez-Ramirez et al., 2013; Sohalil et al.,
2013; Tulsyan et al., 2013; Zgheib et al., 2013; Liu, J. et al., 2014; Jaramillo-Rangel et
al., 2015; Soto-Quintana et al., 2015; Wang et al., 2015; Wang e Huang, 2015; Yuan,
P. et al., 2015; Zhou et al., 2015; Kakkoura et al., 2017), one is available on the Lilacs
platform (Possuelo et al., 2013), one on the Scielo platform (Garcia-Martinez et al.,
2017) and another on the Pubmed platform (Campos et al., 2017).

In addition, 9 are case-control studies (Martinez-Ramirez et al., 2013; Possuelo
etal., 2013; Sohail et al., 2013; Zgheib et al., 2013; Jaramillo-Rangel et al., 2015; Soto-
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Quintana et al., 2015; Campos et al., 2017; Garcia-Martinez et al., 2017; Kakkoura et
al., 2017), and 6 are cohort studies (Tulsyan et al., 2013; Liu, J. et al., 2014; Wang et
al., 2015; Wang e Huang, 2015; Yuan, P. et al., 2015; Zhou et al., 2015). Most studies
(33.3%) are from China, followed by Mexico (26.7%). The sample size ranged from 49
to 1109 participants (5340 cases and 3075 controls in the total study).

Table 2 summarizes the main results found by the included studies for GSTT1 and
GSTM1 polymorphisms, and their correlation with the development of breast cancer
and response to chemotherapy. Some studies also analyzed other polymorphisms as
shown in the second column of the table. Among these studies, 7 found a susceptibility
association between at least one or both of the GSTT1 and GSTM1 polymorphisms in
relation to breast cancer (Possuelo et al., 2013; Sohail et al., 2013; Jaramillo-Rangel
et al., 2015; Wang e Huang, 2015; Campos et al., 2017; Garcia-Martinez et al., 2017;
Kakkoura et al., 2017). Also, 3 studies showed a protective association, indicating a
better response to chemotherapy in patients with the presence of GSTM1 variant
(Tulsyan et al., 2013; Soto-Quintana et al., 2015; Wang et al., 2015). On the other
hand, some studies concluded that there is no significant association between the
polymorphisms of GSTs of classes M1 and T1 and the susceptibility to breast cancer
(Martinez-Ramirez et al., 2013; Zgheib et al., 2013). Significant results were also not
observed when analyzing the GSTM1 and GSTT1 polymorphisms and the response
to chemotherapy, as well as their effect on the overall survival of patients (Liu, J. et al.,
2014; Yuan, P. et al., 2015; Zhou et al., 2015).

4 DISCUSSION

Polymorphic variants of GSTs influence the effectiveness of detoxification of the
cytotoxins from drugs or carcinogens and can becoming some people more
susceptible to cancer development. Several studies discuss the influence of GSTT1
and GSTML1 deletion polymorphisms in some malignancies such as acute myeloid
leukemia (He et al., 2014), lung cancer (Liu, Kui et al., 2014) and hepatocellular
carcinoma (Sui et al., 2014). However, the role of these polymorphisms is not clear in
relation to the susceptibility to breast cancer development, as well as their correlation
with the factors that determine the prognosis of this disease.

The simultaneous deletion of GSTM1 and GSTT1 has been associated with a

higher risk of developing breast cancer, which increases when it is correlated with
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exposure to environmental factors such as pesticides, as demonstrated by Sohail et
al., (2013) in a case-control study conducted in 200 Pakistani women. In addition, the
authors reported an association between these GST variants and a higher risk of
developing breast cancer in women who smoke or have a positive family history for
the disease (Sohail et al., 2013). Another article published by the group of Garcia-
Martinez and collaborators (2017) observed an association of susceptibility to the
development of breast cancer in Mexican women with deletion in GSTM1 and an
inverse borderline association between the development of breast cancer and the
deletion of GSTT1, indicating this deletion as a protective factor, in a case-control study
with 1882 women (Garcia-Martinez et al., 2017). In other studies, significant results
were obtained in relation to the deletion of GSTM1, suggesting that it would be
associated with a higher risk of developing breast cancer (Possuelo et al., 2013;
Jaramillo-Rangel et al., 2015). In a study performed in the population of Cyprus, it was
concluded that the null variant for GSTT1 was positively associated with the
development of breast cancer, in relation to the wild variant, according to a study of
2286 women (Kakkoura et al., 2017).

Breast tumor can be divided into grades I, Il and Ill, according to the
differentiation of the carcinoma cells into well differentiated, moderately differentiated
and less differentiated, respectively. This parameter is considered a significant
prognostic factor, considering that the less differentiated the tumor cells are, less
similar to the normal breast cells (Elston e Ellis, 1991; Rakha et al., 2010). Brazilian
researchers showed that the deletion of GSTT1 was positively associated with
increased risk of disease recurrence, local and/or from distance, as well as deleted
GSTM1 was correlated with a worse prognosis of patients, because a higher
percentage of patients with histopathologic grade Il tumors was observed in the
presence of this polymorphism (CAMPOS, et al. 2017).

Individuals carrying the null genotype for GSTT1 and/or GSTM1, may have a
better response to treatment with chemotherapy. According to an Indian cohort study,
when the null GSTM1 genotype was evaluated combined with the lle/Val GSTP1
genotype (another polymorphism of the GST family), an association was found with
the presence of a response to neoadjuvant chemotherapy (Tulsyan et al., 2013). It
was also found an association of the null genotype of GSTML1 as a protective factor in
relation to the response to chemotherapy in patients with breast cancer who had high

plasma levels of glucose (Soto-Quintana et al., 2015). A similar association was
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described in a study conducted in 262 women in the Chinese population, showing a
better response to chemotherapy among patients with null GSTM1 genotype (Wang et
al., 2015). In contrast, Wang and Huang (2015) demonstrated that the null GSTM1
genotype was more associated with a worse response to chemotherapy and lower
survival (Wang e Huang, 2015).

Some limitations were identified by the authors of the analyzed studies. Tulsyan
and collaborators (2013) highlight the fact that they did not analyze variants in the
genes that regulate the detoxification phase I, as well as the sample size used. Another
study performed by Yuan et al., (2015) highlights that the disagreements found in the
literature about polymorphisms of the GSTs family can be attributed to the different
ethnic groups analyzed, as well as to the sample universe used (Yuan, P. et al., 2015).
Also, there is the possibility of biases in some correlations, such as in the assessment
of exposure to environmental factors such as pesticides, due to the fact that exposure
is reported verbally by patients, without the application of a structured quantitative
instrument (Sohail et al., 2013).

5 CONCLUSIONS

The present study shows that the role of GSTT1 and GSTM1 polymorphisms is
not clear in the literature regarding breast cancer development and prognosis. It was
possible to note the higher prevalence of studies showing a possible risk association
between the deletions of GSTT1 and GSTM1, revealing that the absence of expression
of enzymes encoded by these genes may increase in the susceptibility to breast
cancer. On the other hand, it should be emphasized that the response to treatment
can also be influenced by these null genotypes, since some of the studies have shown

this fact as a protective factor for chemotherapy.
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Table 1 - Distribution of GSTT1 and GSTM1 polymorphisms in the studies.
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Study

Cases

Controls

GSTT1+

GSTT1-

GSTM1+

GSTM1-

GSTT1+

GSTT1-

GSTM1+

GSTM1-

Campos et al., 2017
Garcia-Martinez et al., 2017
Kakkoura et al., 2017
Yuan et al., 2015
Soto-Quintana et al., 2015
X.Wang; Z.G. Huang, 2015
Jaramillo-Rangel et al., 2015.
Zhou et al.,2015.
Wang et al., 2015.

Liu et al., 2014.
Martinez-Ramirez et al., 2013.
Possuelo et al., 2013.
Sohail et al., 2013
Tulsyan et al., 2013.
Zgheib et al., 2013.

104 (84,5%)
682 (73,5%)
620 (59,0%)
121 (44,3%)
129 (41,7%)
211 (86,8%)
226 (53,8%)
141 (53,8%)
167 (43,7%)
57 (695%)

39 (48,1%)

73 (36,0%)

82 (39,6%)

183 (81,0%)

19 (15,5%)
245 (26,5%)
420 (40,4%)
152 (55,6%)
181 (58,3%)
32 (13,2%)
194 (46,2%)
121 (46,2%)
215 (56,3%)
25 (30,4%)
10 (58,8%)
27 (13,0%)

18 (8,7%)
43 (19,0%)

55 (44,7%)
472 (50,9%)
441 (41,8%)
156 (57,1%)
306 (55,0%)
190 (61,3%)
124 (51,5%)
211 (50,2%)
167 (63,7%)
228 (59,7%)
44 (53,6%)
20 (39,2%)
57 (28,0%)
62 (29,9%)
115 (50,9%)

68 (55,3%)
455 (49,1%)
613 (58,2%)
117 (42,8%)
252 (45,0%)
120 (38,7%)
117 (48,5%)
209 (49,8%)
95 (36,3%)
154 (40,3%)
38 (46,%3)
29 (61,7%)
43 (21,0%)
38 (18,3%)
111 (49,1%)

118 (78,2%)
662 (69,3%)
731 (64,7%)
92 (80,9%)
60 (74,0%)
42 (51,9%)
70 (35,0%)

78 (79,6%)

33 (21,8%)

293 (30,7%)
399 (35,3%)

22 (19,1%)
21 (25,9%)
7 (41,2%)
32 (16,0%)

20 (20,4%)

77 (50,9%)

79 (69,9%)
46 (56,7%)
31 (60,8%)
57 (28,0%)

51 (52,0%)

74 (49,1%)

533 (55,8%) 422 (44,2%)
530 (45,7%) 631 (54,3%)

172 (62,0%) 104 (38,0%)

34 (30,1%)
35 (43,2%)
18 (38,3%)
45 (22,0%)

47 (48,0%)

GSTT1+: wild genotype; GSTT1-: null genotype; GSTM1+: wild genotype; GSTM1-: null genotype. The symbol - indicates that the

variant was not investigated by the corresponding study.
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Table 2 - Summary of the main results found by the studies analyzed in relation to the GSTT1 and GSTM1 polymorphisms and their

correlation with clinicopathological parameters that determine the prognosis of the disease.

Study Findings

Positive association between GSTT1 deletion and increased risk of recurrence after initiation of
Campos et al.,2017 o ) ) ) )

treatment and association between GSTM1 deletion and histological grade Ill, worst prognosis.
Garcia-Martinez etPositive association between GSTM1 deletion and breast cancer and inverse borderline association
al.,2017 between breast cancer and GSTTL1 deletion.

Association between GSTT1 null and increased risk of developing breast cancer compared to the wild
Kakkoura et al.,2017

genotype.

Lack of association between GSTT1 and GSTM1 polymorphisms and the presence or absence of
Yuan et al., 2015

chemotherapy response for breast cancer.
Soto-Quintana et al.,GSTM1 null as a protective factor in response to chemotherapy in patients with high plasma levels of
2015 glucose.
X. Wang; Z.G. Huang, Association between null genotype of GSTM1 and a worst response to chemotherapy compared to
2015 wild genotype.
Jaramillo-Rangel et ] ) ] ) . ]

L 2015 Increased risk of developing breast cancer in patients with GSTM1 deletion.

al., .

Lack of association between GSTT1 and GSTM1 polymorphisms and overall survival of breast cancer
Zhou et al.,2015. )
patients.
Wang et al.,2015. Null genotype of GSTM1 associated with a better response to chemotherapy.
] Absence of association between GSTT1 and GSTM1 polymorphisms and the response to
Liu et al.,2014.
chemotherapy for breast cancer.
Martinez-Ramirez  etAbsence of association between GSTT1 and GSTM1 polymorphisms and the development of breast

al.,2013. cancer.



Possuelo et al.,2013.

Sohail et al.,2013

Tulsyan et al.,2013.

Zgheib et al.,2013.

Patients with breast cancer had a higher frequency of deletion of the GSTM1 gene when compared to
the control group.

Simultaneous deletion of GSTM1 and GSTT1 associated with a higher risk of developing breast
cancer.

Association between GSTM1 null-GSTP1 lle/Val genotypes and a better response to neoadjuvant
chemotherapy.

Absence of association between GSTT1 and GSTM1 polymorphisms and the development of breast

cancer.
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Microabstract

It was included 121 women with invasive ductal breast cancer. GSTT1 presence was
associated with reduced levels of GSH in breast cancer patients with history of chronic
stress. There was significance between positive double genotype and an increase in
GSH levels in the presence of angiolymphatic emboli, also, significance between the
deleted double genotype and a high ki67 value.

Abstract

Glutathione transferase enzymes (GSTs) act on the conjugation of reduced glutathione
(y-L-glutamyl-L-cysteine glycine, GSH) with the products of metabolism and
xenobiotics. Polymorphisms in these genes have been associated with susceptibility
to develop breast cancer, but few is known regarding its role on disease prognosis.
The present study evaluated the relationship of polymorphisms of GSTM1 and GSTT1
genes and its relationship with breast cancer susceptibility and prognostic, as well as
its impact on plasmatic GSH. A total of 121 women with invasive ductal breast cancer
and 151 healthy controls were included. Polymorphisms analyses were performed
using the Multiplex PCR technique and GSH levels measured with the Ellman’s
reagent. GSTT1 and GSTM1 polymorphisms did not show any association with breast
cancer susceptibility. GSTT1 present was associated with reduced levels of GSH in
breast cancer patients with a history of chronic stress. There was also significance
between the positive double genotype and an increase in GSH levels in the presence
of angiolymphatic emboli, as well as significance between the deleted double genotype
and a high ki67 value (>14%). These results show these gene polymorphisms are
associated with specific clinical parameters that determine breast cancer prognosis,

and affect the availability of GSH in such patients.

Keywords: breast cancer, gene polymorphism, GST family, xenobiotics, reduced

glutathione.
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INTRODUCTION

Breast cancer is the most common neoplasia worldwide. This is a
heterogeneous and complex disease, resulting from the balance between genetic and
environmental factors. Environmental and intrinsic characteristics of the woman
influence the development and evolution of this malignant neoplasm (Yerushalmi et
al., 2010; Catsburg et al., 2015; Ahmed et al., 2016; Sebastiani et al., 2016).
Altogether, these factors contribute to the generation of pro-inflammatory and pro-
oxidant mediators, which are responsible for the occurrence of the genomic instability
that perpetuates the tumor.

In a pro-oxidant condition, cells present important defenses that act against free
radicals and other reactive substances derived from both intrinsic metabolism and
exogenous exposition. Among these defenses, there are the glutathione transferase
enzymes (GSTs), which act in phase Il of xenobiotic metabolization (Hayes et al.,
2005). Their action includes the conjugation of reduced glutathione (y-L-glutamyl-L-
cysteine glycine, GSH) with the products of metabolism and xenobiotics to be excreted
from the body, by the interaction between the N-terminal residue of GSTs and the thiol
group of GSH (Dirr et al., 1994; Oakley, 2011).

Glutathione transferase mu 1 (GSTM1) and glutathione transferase theta 1
(GSTT1) genes belong to the mu and theta classes, respectively. The first is located
on chromosome 1 and has 3 variants, two of which are functional and one is null by
deletion (Widersten et al.,, 1991). GSTT1 gene, on the other hand, is located on
chromosome 22, presents one functional allele and another null by deletion (Arruda et
al., 1998). These null polymorphic variants by deletion are also called deleted or null
genotypes, in relation to the wild genotype, which would characterize the presence of
the gene and, therefore, the protein expression (Di Pietro et al., 2010).

Polymorphisms in these genes have been studied due to their influence on the
susceptibility to diseases such as cancer (Liu, K.; et al., 2014; Sui et al., 2014),
including breast (Possuelo et al., 2013; Wang et al., 2015). However, there are still
limited studies showing the relationship of these variants with the prognosis of patients
separated by, as well as there are no studies correlating the availability of GSH in the
presence of these polymorphisms. Thus, this study aimed to evaluate the

polymorphisms of GSTM1 and GSTT1 in relation to the prognostic parameters of
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breast cancer and a possible relationship among the availability of reduced glutathione
and the different genotypes.

MATERIALS AND METHODS

Human subjects

This study was approved by the Ethics Committee on Research involving
Human subjects under the number CAAE 35524814.4.0000.0107 and the number
5231/CAAE N_171231134.0000.5231 and all volunteer donors signed a free informed

consent form prior to biological material collection.

Characterization of the sample

For the case group, 10 mL of peripheral blood were obtained in tubes containing
EDTA from 147 patients with operable breast cancer in the initial stage treated at the
Cancer Hospital of Francisco Beltrdo (Ceonc, Francisco Beltrao - PR) from January
2015 to August 2018. On the day of surgery, the patients were interviewed for obtention
of epidemiological and clinicopathological information and also the Self Report
Questionnaire (SRQ-20) (Cormanique et al., 2015). Plasma and buffy coat were
obtained by centrifugation at 4000 revolutions per minute (rpm) for 5 minutes, with
subsequent storage at -20°C until the time of analysis. After confirmation of the
diagnosis by biopsy, only those with invasive ductal breast cancer (CDI) were included
in the study, resulting in 121 women.

From medical records, the following data were collected: age at diagnosis;
menopausal status; body mass index (obtained by calculating the division of the
patient's weight by the height squared) which stratifies the patients in low weight
(<18.5), eutrophic (18.5 - 24.9) and overweight/obesity (>25). From histological
analysis, there were collected the expression of hormone receptors (estrogen and
progesterone), HER2 overexpression, Ki67 proliferation index, subtypes, tumor size;
tumor histological degree; presence of angiolymphatic emboli; presence of metastases
in lymph nodes. And from patient interview: exposure to pesticides, through direct or

indirect contact and recurrence., history of chronic stress and family history of breast
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cancer, positive for the family history of breast cancer syndrome and/or hereditary
ovary according to SFH-7 instrument.

Concerning the control group, 5 mL of heparinized peripheral blood were
collected from 151 women who had as inclusion criteria no history of current or
previous breast cancer, according to clinical examination and mammography updated
for the time of collection, from 2010 to 2011 in a Basic Health Unit of the city of
Londrina, Parang, in partnership with the Laboratory of Studies and Applications of
DNA Polymorphism and Immunology (LEAP) of the Londrina State University. These

samples were processed and stored as previously described for the patients.

Research design

At first, a case-control study was carried out to evaluate a possible association
between the GSTT71 and GSTM1 polymorphisms and the susceptibility to breast
cancer. A cross-sectional study was then performed searching for a correlation
between the studied polymorphisms and the patients' clinicopathological parameters:
Age at diagnosis; menopausal status; exposure to pesticides; family history of breast
cancer; expression of hormonal receptors (estrogen and progesterone),
overexpression of human epidermal growth factor 2 (HER2), Ki67 proliferation index;
histological grade; presence of angiolymphatic emboli; presence of metastases in
lymph nodes; recurrence and death. Finally, analyses were also performed to evaluate
the relationship between glutathione concentration and the polymorphisms studied, in

relation to clinicopathological parameters.

DNA extraction

DNA from patients was extracted from peripheral blood of the samples was
performed by Salting-out extraction protocol (Miller et al., 1988) and from control
women it was extracted by the Mini Spin Plus Extraction Kit (BioPur, Curitiba, Parana,
BR). After extraction, the DNA was quantified by spectrophotometry at 260 nm in the
Nanodrop 2000 equipment (NanoDrop Technologies, Wilmington, DE, USA). The
purity of the samples was evaluated through the ratio between absorbances obtained

in the lengths of 260nm and 280nm.
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Genetic polymorphisms analyses

Polymorphism analysis was performed at the Laboratory of Studies and
Applications of DNA Polymorphism and Immunology (LEAP) using the PCR technique
to verify the presence or absence of polymorphisms in genes GSTM1 and GSTT1,
based on the Multiplex PCR protocol (Abdel-Rahman et al., 1996), , modified. The
CYP1A1 gene was used as internal control of the reaction. The primers for this gene
amplify a non-polymorphic fragment of 312 bp. Fragments of 215 and 480 base pairs
(bp) are observed, respectively, in GSTM1 and GSTT1 positive individuals. The
absence of GSTM1 (215 bp) or GSTT1 (480 bp) amplification, in the presence of
internal control, indicates the respective null genotypes for each gene or for both. The
reaction conditions are shown in table 1, as well as the primer sequences.

The fragments were amplified in PTC-100 thermal cycler (MJ Research, Inc),
submitted to electrophoresis (3V/ml) in 10% polyacrylamide gel and colored with silver
nitrate. To confirm the size of the amplified products, DNA markers (Ladder) of 100 bp
were used, as well as reagent purity controls (negative control) in each amplification
reaction. The electrophoretic profile of the polymorphisms GSTM1 and GSTT1 is

represented in Figure 1.

Glutathione determination

Glutathione measurement were performed in 69 samples, but only 58 results
were included. Aliquots of 100 uL of plasma thawed at room temperature in eppendorfs
and then were deproteinized with 100 uL of 50% trichloroacetic acid (TCA) and
centrifuged for 5 minutes at 4000 rpm. A volume of 50 uL of this supernatant was added
to the microplate and mixed with 200 uL of Tris-HCI buffer solution (0.4 Molar; pH 8.9).
The yellow compound was detected by spectrophotometry at 405 nm, adapted from

Sedlak e Lindsay (1968) and . Data were expressed as nmols/L of GSH.
Statistical Analysis
Data were expressed as meanszerrors of the means, and the results were

compared by Mann-Whitney (non-parametric data) or Student’s t test (parametric

data). ANOVA test was also performed when comparing more than 2 groups. The
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case-control association was performed by calculating the Odds Ratio (OR) with a 95%
confidence interval. Other statistical analyses were performed using SPSS Statistics
25.0 (SPSS inc., Chicago, lllinois, USA) and GraphPad Prism version 7.00 for
Windows (GraphPad Software, San Diego, California, USA). For all data, the level of

significance adopted was p<0.05.

RESULTS

The mean age at diagnosis was 55.51 + 12.73 years for patients and control
women had a mean value equal to 51.59 + 11.27 years. Most women were menopausal
at the time of diagnosis (71.6%), while 75.5% were overweight, according to the BMI
calculation. Most women also reported some contact with pesticides during their
lifetime (86.3%). Regarding the chronic history of stress, 59.0% of the women were
categorized as negative for this parameter and the history of breast cancer in the family
was negative in 91.1% of the cases. Regarding the hormone receptors, 70.8%
presented positive estrogen receptor and 52.1% were positive for the progesterone
receptor, in relation to HER2, the overexpression of this receptor was observed in
16.2% of the cases and 46.6% of the patients presented moderate cellular proliferation
(Ki67). The most common subtype was Luminal B with 37.5%, while the triple negative
subtype had a prevalence of 18.3%. Most patients had tumors between 1.5 and 3.0
centimeters (cm) in size (53.5%). Histopathological grade Il was present in 50.5% and
the absence of angiolymphatic emboli was observed in 62.6% of patients, while lymph
node metastasis occurred in 35.4% of patients. The disease relapsed in 5.9% of the
cases and 6.6% died during the study period. Some data were not complete in the
patients' medical records, for this reason the sample size of the variables is different
(Table 2).

In this study, there were observed that 73.6% of the patients had the genotype
present for GSTT1, and 26.4% presented with null genotype in homozygosis. Among
the female controls, 78.1% were present and 21.9% were absent for this gene.
Regarding GSTM1, 49.6% of the patients had presence for this gene, while in 50.4%
the null genotype was obtained. In relation to the control group, 51% presented wild
genotype, while 49%, null genotype, as shown in table 3. The double deletion was
presentin 12.4% of patients and 13.2% of control women. The case-control association
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study revealed no significant association of risk or protection between polymorphisms
and the development of breast cancer (Table 3).

When correlated with patients' clinicopathological conditions, age at diagnosis,
menopausal status, exposure to pesticides, family history of breast cancer, expression
of hormone receptors (estrogen and progesterone), HER2 overexpression, Ki67
proliferation index, tumor histological grade, presence of angiolymphatic emboli,
presence of metastases in lymph nodes, recurrence and death, significant results were
not obtained for both polymorphisms (Table 4).

A possible relationship between null and present genotypes for GSTT7 and
GSTM1 was evaluated in relation to glutathione concentrations, but no significance
was found (p>0,999), as shown in Figure 2. The mean concentration values in nmols/L
of GSH were 20.37+5.82 for the double deleted genotype, 19.75+3.47 for null GSTT1,
17.22+1.35 for present GSTT1, 18.82+1,96 for absent GSTM1 and 16.59+1.66 for
present GSTM1.

In addition, the genotypes GSTT71 null and present, GSTM17 null and present,
double positive and double deleted were related to clinicopathological parameters (age
at diagnosis; menopausal status; body mass index; exposure to pesticides; history of
chronic stress; family history of breast cancer; expression of estrogen and
progesterone hormone receptors, HER2 overexpression, Ki67 proliferation index,
subtypes, tumor size; tumor histological degree; presence of angiolymphatic emboli
and presence of metastases in lymph nodes) in relation to GSH concentrations.
Significance was obtained between the presence of GSTT1 and a reduced value of
GSH concentration in patients with a history of chronic stress (p=0.055, unpaired test
and p=0.016, Mann whitney test). There was also significance between the positive
double genotype and an increase in GSH in the presence of angiolymphatic emboli
(p=0.02, unpaired test and p=0.025, Mann whitney test), as well as significance
between the deleted double genotype and a high value of ki67 (p=0.057), as shown in

Figure 3. In the other parameters, no significant results were found.

DISCUSSION

Our study showed the existence of association among different GST

polymorphisms with clinical parameters that are determinant of prognosis in breast
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cancer. Further, we found that these specific polymorphisms can affect systemic GSH
availability.

Breast carcinogenesis is a multifactorial event, and may be accompanied by
several stimuli related to the generation of genomic instability. Currently it is known
that besides the accumulation of cellular mutations that mark the beginning of a
neoplasm, other processes have been listed as the maintenance of cellular
proliferation, inhibition of growth suppressors, resistance to apoptosis, increase in
angiogenesis and capacity to perform metastasis (Hanahan e Weinberg, 2000). It is
known that the role of external environmental factors, generically called xenobiotics,
impacts the development and course of cancer. The metabolization of these
compounds, performed in part by enzymes of the GST family, ensures the elimination
of substances that could be harmful to the body (Townsend, D. M. e Tew, K. D., 2003).

According to a study that evaluated the percentage of GSTT1 and GSTM1
polymorphisms in the Brazilian population, it was demonstrated that the null profile for
GSTT1 is present in 18.5% of Caucasian individuals and 19% of black individuals in
the country, while the homozygous deletion of GSTM1 was found in 55% and 33% of
these groups, respectively (Arruda et al., 1998). In the present study, 26.4% of the
patients and 21.9% of the control women presented with null genotype in homozygosis
for GSTT1. Regarding the GSTM1 polymorphism, 50.4% of the patients and 49% of
the participants in the control group presented null genotype. The genotypic
frequencies found are consistent with the literature, considering that the studied
population is mostly self-declared Caucasian.

Polymorphisms have been studied searching for new markers for susceptibility
to cancer development, thus, studies have shown an association between GSTT1 and
GSTM1 polymorphisms with uterine leiomyoma (Mostafavi et al., 2016), prostate
carcinoma (Malik et al., 2016) and hepatocellular carcinoma (Sui et al., 2014), among
other diseases, but there are still discrepancies in the world literature. This is because,
although the absence of these enzymes may predispose the individual to a reduction
in the efficiency of the process of detoxification of products of cellular metabolism,
when evaluating the response to chemotherapy treatment, this relationship may be of
protection, because the therapy compounds would not be excreted so easily and could
act for longer against tumor cells (Soto-Quintana et al., 2015; Wang et al., 2015).

Some studies show null profile of GSTM1 can be associated with a higher risk

for the development of this disease(Possuelo et al., 2013), similarly, another study
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showed a higher risk of recurrence in patients with the null genotype for GSTT1
(Campos et al., 2017). The present study, however, revealed no significant association
of risk or protection between polymorphisms and the development of breast cancer
(Table 3). When the genotypes were correlated with the clinicopathological data of the
patients, no significant results were obtained for both polymorphisms (Table 4).

The subtypes that have expression of estrogen and/or progesterone hormone
receptors are the most common in breast cancer (about 80% of cases), corresponding
to luminal A and B subtypes (Thomas e Gustafsson, 2011; Thomas e Gustafsson,
2015). On the other hand, the triple negative subtype is found in approximately 10% to
20% of cases (Perou, 2011; O'toole et al., 2013). In this study, the luminal subtypes
corresponded to 68.1% of the cases, while the triple negative was found in 18.5%.
Although the prevalence found for the triple negative subtype in this study is consistent
with the limits already established in the literature, it is important to highlight the high
prevalence found, which corresponds to a worse prognosis profile, given the absence
of specific therapy for this subtype, as well as the high rate of cell proliferation and
aggressiveness (Goldhirsch et al., 2011a; Keam et al., 2011; Doepker et al., 2018).

Glutathione is a thiol existing in eukaryotic cells in the reduced (GSH) and
oxidized form (N Kaplowitz et al., 1985). The first is the most commonly found in the
body (Wu et al.,, 2004) and integrates the process of xenobiotics metabolization
facilitating the excretion of these compounds by the conjugation to these products
through the GSTs enzymes (Oakley, 2011). Thus, in order to assess the influence of
the polymorphisms of GSTT1 and GSTM1 on the availability of GSH, the null and
present genotypes for these genes were analyzed in relation to the plasma glutathione
levels, but no significance was found, as shown in Figure 2. Also, levels were very
similar to that showed in both control and advanced breast cancer group for a recent
research(Panis et al., 2012).

In addition, the genotypes GSTT1 null and present, GSTM1 null and present,
double positive and double deleted were related to the clinicopathological parameters
in relation to the concentrations of GSH. Among the external factors that can affect
women increasing the risk for the development of breast cancer there is the history of
chronic emotional stress (Kornblith et al., 2001). In a Brazilian study conducted with 34
women with this neoplasm, it was demonstrated that this parameter was associated
with a cohort with worse prognosis, characterized by the presence of a majority of
HER2 overexpression and obesity (Cormanique et al., 2015). In the present study,



62

significance was obtained between the presence of GSTT7 and a reduced value of
GSH concentration in patients with a history of chronic stress. There was also
significance between the positive double genotype and an increase in GSH in the
presence of angiolymphatic emboli. The presence of emboli is related to an endothelial
response due to the inflammatory process present in the tumor microenvironment
(Hasebe et al.,, 2008; Samad e Ruf, 2013). This pathology is characterized by a
prothrombotic and proinflammatory state, and the formation of emboli is related to
tumor growth, formation of new vessels and invasion of new sites, in addition, this
process is favored in the presence of obesity (Rubio-Jurado et al., 2018). Additionally,
high levels of Ki-67 are associated with a more aggressive clinical nature of this
pathology (Keam et al., 2011). In the present study, there was significance between
the double deleted genotype and a high value of ki67 (>14%) with increased GSH. This
result shows a higher mobilization of this parameter in the context of enzymatic
absence of T1 and M1 genes combined with a status of high cellular proliferation.

Its important to highlight some limitations like the fact that we did not analyze
variants in the genes that regulate the detoxification phase I, as well as the rest of the
GST family. Disagreements found in the literature about polymorphisms of the GSTs

family can be attributed to the different ethnic groups analyzed.

CONCLUSION

According to the case-control study, the GSTT1 and GSTM1 polymorphisms
were not candidates for susceptibility markers for breast cancer. Additionally, they
were not shown as prognostic markers, because the correlation analyses indicated no
significance between these polymorphisms and the patients' clinicopathological
parameters. However, significance was found between some of the parameters
analyzed in relation to the concentration of GSH in some of the genotypes studied,
showing that this peptide behaves differently in relation to the presence or absence of
these genes. In general, this study is expected to contribute to the development of
additional studies, because we need to establish new markers for this neoplasm, given

its considerable importance in clinical practice.
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Clinical Practice Points

GST polymorphisms have been studied searching for biomarkers for the
susceptibility to the development of cancer. Studies have shown an association
between null variants of GSTT1 and GSTM1 with uterine leiomyoma, prostate
carcinoma, among other neoplasms. However, in relation to breast cancer, some
authors show that the absence of these enzymes may be related to a higher risk of
developing this disease, while it may be a factor of better response to chemotherapy.
In our study, the GSTT1 and GSTM1 polymorphisms were not shown as biomarkers
for breast cancer and were not shown as prognostic factors either. However, our
research revealed a different behavior of GSH concentrations in relation to some
genotypes in the presence of certain clinicopathological parameters. This finding may
indicate that this peptide is mobilized more or less according to the presence or
absence of these enzymes in cases of some worse prognostic factors, like history of

chronic stress, presence of angiolymphatic emboli and higher levels of Ki67.
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TABLES

Table 1 - Sequences of primers and their cycling used in the amplification reaction of
GSTT1, GSTM1 and CYP1A1 genes.

Reaction
Sequences conditions
5’ GAACTCCCTGAAAAGCTAAAGCY

5GTTGGGCTAAATATACGGTGGY

Genes

GSTM1

94°C for 5
min, 30 cicles
(94°C for 1
min, 59°C for
1 min, 72°C
for 1 min)
72°C for 5
min

CYP1Al: 5 GAACTGCCACTTCAGCTGTCT3

5CAGCTGCATTTGGAAGTGCTC3’
GSTT1: 5TTCCTTACTGGTCCTCACATCTC3’
5TCACCGGATCATGGCCAGCAZ’

Min: minutes.




Table 2 - Clinicopathological characterization of patients diagnosed with invasive

ductal breast cancer.

Clinicopathological features

Patients n(%)

Age (years) (n=120)

Menopause (n=116)

Body mass index (n=110)

Pesticides (n=102)

Stress history (n=110)

Family history of
breast cancer (n=101)

Estrogen receptor (n=120)
Progesterone receptor (n=119)

HER (n=119)

Ki67 (n=118)

Subtypes (n=120)

Tumor size (n=101)

Histopathological grade (n=103)

Angiolymphatic emboli (n=107)

Limph node metastasis (n=96)

Recurrence (n=119)

<40
40-60
>60
Negative
Positive
<18.5
18.5-24.9
>24.9

No

Yes

No

Yes

No

Yes
Negative
Positive
Negative
Positive
Negative
Positive
Low
Intermediate
High
Luminal A
Luminal B
HER2
Triple negative
<1.5
1.5-3.0
>3.0

I

[l

11
Absence
Presence
Absence
Presence
No

Yes

13 (10.8%)
64 (53.4%)
43 (35.8%)
33 (28.4%
83 (71.6%)
1 (0.9%)
26 (23.6%)
83 (75.5%)
14 (13.7%)
88 (86.3%)
65 (59.0%)
45 (41.0%)
92 (91.1%)
9 (8.9%)
35 (29.2%)
85 (70.8%)
57 (47.9%)
62 (52.1%)
99 (83.2%)
20 (16.2%)
42(35.6%)
55 (46.6%)
21 (17.8%)
37 (30.8%)
45 (37.5%)
16 (13.4%)
22 (18.3%)
13 (12.9%)
54 (53.5%)
34 (33.6%)
30 (29.1%)
52 (50.5%)
21 (20.4%)
67 (62.6%)
40 (37.4%)
62 (64.6%)
34 (35.4%)
112 (94.1%)
7 (5,9%)

HERZ2: human epidermal growth factor receptor 2. Low: <14%; Moderate: between

14% and 50%; High: >50%.
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Table 3 - Association between GSTT1 and GSTM1 polymorphisms and breast cancer.

Plymorphism Controls Breast OR? IC p value
n(%) cancer 95%

n(%)

GSTT1

Presence 118 (78.1%) 89 - -
(73.6%)

Deletion 33(21.9%) 32 129 0.79- 0.39
(26.4%) 1.85

GSTM1

Presence 77 (51.0%) 60 - -
(49.6%)

Deletion 74 (49.0%) 61 1.03 081- 091
(50.4%) 1.31

*Odds Ratio (OR), confidence interval (IC 95%) and p values.



Table 4 - Association of GSTT1 and GSTM1 polymorphisms with prognostic

parameters of patients with breast cancer.

. . Pacients GSTT1 GSTM1
Clinicopathological features 0
n (%) p value p value
<40 13 (10.8%)
Age (years) (n=120) 40-60 64 (53.4%) 0.37 0.42
>60 43 (35.8%)
_ Negative 33 (28.4%
Menopause (n=116) Posiive 83 (71.6%) 070  0.93
. _ No 14 (13.7%)
Pesticides (n=102) Yes 88 (86.3%) 0.30  0.22
S _ No 92 (91.1%)
Family history of breast cancer (n-lOl)YeS 9 (8.9%) 018 0.06
_ Negative 35 (29.2%)
Estrogen receptor (n=120) Positive 85 (70.8%) 0.88 0.93
_ Negative 57 (47.9%)
Progesterone receptor (n=119) Positive 62 (52.1%) 0.89 0.77
_ Negative 99 (83.2%)
HER (n=119) Positive 20 (16.2%) 0.46 0.55
Low 42(35.6%)
Ki67 (n=118) Intermediate 55 (46.6%) 0.28 0.34
High 21 (17.8%)
I 30 (29.1%)
Histopathological grade (n=103) I 52 (50.5%) 0.95 0.33
1] 21 (20.4%)
. . e Absence 67 (62.6%)
Angiolymphatic emboli (n=107) Presence 40 (37.4%) 0.57 0.61
Absence 62 (64.6%) 017 0.32
Limph node metastasis (n=96) Presence 34 (35.4%) '
_ No 112 (94.1%)
Recurrence (n=119) Yes 7(59%) 054  0.26

RE: estrogen receptor; RP: progesterone receptor; HER2: human epidermal growth

factor receptor 2. Low: <14%; Moderate: between 14% and 50%; High: >50%.

SUPPLEMENTARY TABLES

Supplementary tables included all the results of the analyses about the
genotypes of GSTT1 and GSTM1 null and present, double positive and double deleted
related to clinicopathological parameters, also in relation to GSH concentrations. The

tables show means and p values.
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Supplementary table 1 - Correlations of GSTT1 positive genotype and

clinicopathological parameters in breast cancer patients.

Clinicopathological features Mean + error  p value
_ <50 (n=14)  19.2+2.3
Age (years) (n=45) 550 (1=31)  16.2+1.6 0.31
gﬁ%?;"e 20.0+2.8
Menopause (n=43) Po_sitive
(n=32) 16.2+1.6 0.25
185 - 249
Body mass index (n=42) (n=12) 14.2+2.6
>24.9 (n=30) 18.6+1.6 0.16
. _ No (n=3) 14.5+2.4
Pesticides (n=34) Yes (n=31)  18.8+1.8 0.48
. _ No (n=22) 20.3+2.0
Stress history (n=38) Yes (n=16)  14.1+2.2 0.055
Family history of breast cancer No (n=30) 18.6£1.8
(n=33) Yes (n=3) 14.4+8.5 0.50
Negative 17.542.5
_ (n=16)
Estrogen receptor (n=45) Positive
(n=29) 17.0+1.6 0.84
Negative 17.942.0
_ (n=23)
Progesterone receptor (n=44) Positive
_ 16.6+£1.8 0.65
(n=21)
Negative
HER (n=44) (n=39) 16.8+1.4
Positive (n=5) 20.7+3.9 0.38
. _ <14% (n=14) 15.9+1.3
Ki67 (n=42) >14% (n=28) 20.2+2.8 0.12
Luminal A
(n=12) 19.6+3.1
Luminal B
Subtypes (n=45) (n=18) 15.2+1.3 0.57
HER2 (n=4)  19.8+4.9
Triple negative
(h=11) 16.7+3.3
. _ <2cm (n=17) 17.3+2.5
Tumor size (n=36) >2cm (n=19) 17.042.0 0.93
| (n=12) 18.8+3.2
Histopathological grade (n=38) Il (n=18) 16.3£1.9
Il (n=8) 15.3+3.6 0.68
(Anbzszeon)ce 16.742.2
Angiolymphatic emboli (n=38) Presence
16.6+£1.6 0.98

(n=18)
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(A;]b_szelr;ce 18.4+2.4
Limph node metastasis (n=35) Pr;sence

(n=14) 17.542.0 0.78
Supplementary table 2 — Correlations of GSTT1 negative genotype and

clinicopathological parameters in breast cancer patients.

Clinicopathological features

Mean * error p value

Age (years) (n=31)

Menopause (n=30)

Body mass index (n=29)
Stress history (n=27)
Family history of breast cancer

(n=23)

Estrogen receptor (n=31)

Progesterone receptor (n=31)

HER (n=31)

Ki67 (n=31)

Subtypes (n=31)

Tumor size (n=23)
Histopathological grade (n=23)

Angiolymphatic emboli (n=27)

<50 (n=8)

>50 (n=23)
Negative (n=6)
Positive
(n=24)

185 - 24.9
(n=8)

>24.9 (n=21)
No (n=14)
Yes (n=13)

No (n=21)
Yes (n=2)
Negative
(n=10)
Positive
(n=21)
Negative
(n=15)
Positive
(n=16)
Negative
(n=27)
Positive (n=4)
<14% (n=8)
>14% (n=23)
Luminal A
(n=10)
Luminal B
(n=12)

HER2 (n=3)
Triple negative
(n=6)

<2cm (n=11)
>2cm (n=12)

I (n=8)

Il (n=11)

[l (n=4)
Absence
(n=18)

22.5+4.9
17.5+2.0
20.2+4.7

18.4+2.3

22.6+5.6

17.9+1.9
22.5+3.2
15.6+2.8
21.6+2.6
10.7£1.5

19.3+3.3

18.5+2.4

20.3+3.2

17.4+2.2

19.2+2.1

15.7+3.7
18.2+3.6
19.0+2.3

16.3+3.1

19.9+3.5
17.8+4.2
21.29+5.1

19.4+3.9
16.9+2.3
17.8+3.7
19.5%£3.5
15.7+4.4

19.1+2.5

0.35

0.72

0.31

0.12

0.23

0.85

0.47

0.55

0.85

0.82

0.58

0.82



Limph node metastasis (n=23)

Presence
(n=9)
Absence
(n=18)
Presence
(n=5)

15.8+2.6

21.2+2.8

18.7+4.4

0.82

0.68

80
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Supplementary table 3 - Correlations of GSTM1 positive genotype and

clinicopathological parameters in breast cancer patients.

Clinicopathological features Mean *
error p value
_ <50 (n=11) 19.1+2.6
Age (years) (n=31) >50 (n=20)  14.6t1.6 0.14
2'1‘3_97"’)‘t"’e 17.7+2.6
Menopause (n=31) Po_sitive
(n=24) 15.3£1.7 0.50
185 - 249
+
Body mass index (n=24) (n=8) 13.2¢2.1
>24.9 (n=16) 18.4+25  0.19
- _ No (n=2) 15.8+3.5
Pesticides (n=24) Yes (n=22)  16.3+1.7  0.92
. _ No (n=15) 17.5+2.0
Stress history (n=23) Yes (n=8) 16541  0.80
Family history of breast cancer No (n=20) 16.2+1.5
(n=22) Yes (n=2) 15.4+14.7 0.90
('\:]i%"’)‘“"e 17.243.7
Estrogen receptor (n=27) Positive
(n=18) 16.2+1.7  0.78
Negatve 177424
_ (n=14)
Progesterone receptor (N=26) Positive
_ 15.6+2.4  0.55
(n=12)
Negative
HER (n=26) (n=21) 15.9¢1.9
Positive (n=5) 20.2+3.4 0.33
: _ <14% (n=11) 19.8+3.4
Ki67 (n=29) >14% (n=18) 14.4+12  0.65
Luminal A
(n=6) 19.3+4.7
Luminal B
14.6+£1.3 0.56
Subtypes (n=26) (n=10)
HER2 (n=3)  20.5+5.8
Trl_ple negative 15.444.2
(n=7)
. _ <2cm (n=9) 13.5£1.1
Tumor size (n=23) >2cm (n=14) 18.9+2.9  0.19
| (n=8) 19.74+4.3
Histopathological grade (n=25) Il (n=11) 15.2+1.3
[l (n=6) 14.3+4.0 0.45
Angiolymphatic emboli (n=23) Absence 14.0+2.7

(n=11)



Limph node metastasis (n=22)

Presence
(n=12)
Absence
(n=11)
Presence
(n=11)

16.8+1.6

15.9+3.1

16.5+1.8

0.39

0.86
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Supplementary table 4 - Correlations of GSTM1 negative genotype and

clinicopathological parameters in breast cancer patients.

Clinicopathological features Mean *
error p value
_ <50 (n=8) 22.5+4.9
Age (years) (n=31) >50 (n=23)  17.5¢2.0  0.27
Negative 20.244.7
_ (n=6) R
Menopause (n=29) Positive
(n=23) 18.6+2.3  0.76
185 - 249
+
Body mass index (n=29) (n=8) 22,656
>24.9 (n=21) 17.9+1.9 031
- _ No (n=1) 11.840.0
Pesticides (n=23) Yes (n=22)  21.0+2.6  0.46
. _ No (n=14) 22.5+3.2
Stress history (n=27) Yes (n=13)  15.6+2.8  0.12
Family history of breast cancer No (n=21) 21.6+2.6
(n=23) Yes (n=2) 10.7#1.5  0.23
Negative
) (n=10) 19.343.3
Estrogen receptor (n=31) Positive
(n=21) 18.5+2.4  0.85
Negative 20.3£3.2
_ (n=15)
Progesterone receptor (n=31) Posit
ostive 174522  0.47
(n=16)
Negative
HER (n=31) (n=27) 19.2#2.1
Positive (n=4) 15.7+£3.7 0.55
: _ <14% (n=8) 18.24+3.6
Ki67 (n=31) >14% (n=23) 19.0+2.3  0.85
Luminal A
(n=10) 16.31£3.1
Subtypes (n=31) Luminal B 19.943.5 0.82
(n=12) R '
HER2 (n=3)  17.8+4.2



Tumor size (n=23)

Histopathological grade (n=23)

Angiolymphatic emboli (n=27)

Limph node metastasis (n=23)

Triple negative
(n=6)

<2cm (n=11)
>2cm (n=12)
I (n=8)

Il (n=11)

[l (n=4)
Absence
(n=18)
Presence
(n=9)
Absence
(n=18)
Presence
(n=5)

21.2+5.1

19.4+3.9
16.9+2.3
17.8+3.7
19.5+3.5
15.7+4.4

19.1+2.5

15.8+2.6

21.2+2.8

18.7+4.4

0.58

0.82

0.42

0.68
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Supplementary table 5 — Correlations of double null genotype and clinicopathological

parameters in breast cancer patients.

Clinicopathological features 21?2? * p value
_ <50 (n=3) 23.1£11.7
Age (years) (n=7) >50 (n=4) 18.3+6.7 0.72

Negative (n=1) 10.5+0.0

Menopause (n=24) Positive (n=23) 20.2+2.6 0.46

185 - 249
Body mass index (n=7) (n=4) 26.5£9.3
>24.9 (n=3) 10.8+0.8  0.21
. _ No (n=4) 17.3+7.0
Stress history (n=7) Yes (n=3) 24.4+11.1 0.59
Family history of breast cancer No (n=5) 24.5+7.4
(n=6) Yes (n=1) 9.24+0.0 0.44

Negative (n=1) 9.2+0.0

Positive (n=6) 22.2+6.5 0.48
Negative (n=3) 22.3+12.1
Positive (n=3) 18.9+6.5 0.79
Negative (n=5) 23.7+7.7

Estrogen receptor (n=7)

Progesterone receptor (n=7)

HER (n=7) Positive (n=2) 11.842.6  0.57
: a <14% (n=4) 10.74£0.6
Ki67 (n=7) >14% (n=3)  33.1#9.6  0.039
Luminal A (n=4) 10.7+0.6
Luminal B (n=2) 42.5+4.1 0.56
Subtypes (n=7) HER2 (n=1) 14.5+0.0
Triple negative 0
(n=0)

<2cm (n=1) 9.2+0.0

Tumor size (n=5) >2cm (n=4) 19.0+6.4 0.54

| (n=2) 13.3+1.1
Histopathological grade (n=4) Il (n=1) 38.3+0.0
[ (n=1) 11.4+0.0 0.07

Absence (n=5) 16.2+5.5

Angiolymphatic emboli (n=6) Presence (n=1) 14.5:0.0  0.90
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Supplementary table 6 — Correlations of double positive genotype and

clinicopathological parameters in breast cancer patients.

Clinicopathological features Mean + error p value
<50 (n=9) 17.6+2.3

>50 (n=12) 14.5+£2.7 0.42
Negative

Age (years) (n=31)

_ 18.2+3.0
Menopause (n=21) g]c;s?t)ive
(n:15) 14.9+2.2 0.42
185 - 249
Body mass index (n=24) (n=6) 11.7+2.4
>24.9 (n=13) 17.7+2.6 0.17
No (n=2) 15.8+3.5

Pesticides (n=17) Yes (n=15) 16.7+2.5 0.89

No (n=14) 16.2+2.2
Yes (n=2) 15.4+14.7  0.90
Family history of breast cancer No (n=20) 16.2+1.5

Stress history (n=16)

(n=22) Yes (n=2) 15.4+14.7 091
('\:]e:g?"’)‘“"e 13.8£3.4

Estrogen receptor (n=21) Positive
(n=14) 16.94+2.2 0.44
Negative

Progesterone receptor (n=20) (n=11) 15.8+2.4
Positive (n=9) 16.3%£3.2 0.91
Negative +

HER (n=20) (n=17) 15.1£2.0

Positive (n=3) 21.5%5.9 0.24
<14% (n=10) 18.1+3.2

Ki67 (n=20) >14% (n=10) 14.0+2.0 0.63
Luminal A
(n=6) 19.3+4.7
Luminal B
+
Subtypes (n=21) (n=8) 15.1+1.6 0.41

HER2 (n=2)  20.1+10.0
Triple

negative (n=5) 11.243.0
<2cm (n=7) 12.8+0.6

Tumor size (n=18) >2cm (n=11) 17.9+3.3 0.24

| (n=6) 18.3+4.6
Histopathological grade (n=19) Il (n=8) 14.6£1.7

[l (n=5) 14.1+4.9 0.69

(Anbzsf)”ce 10.0+1.6
Angiolymphatic emboli (n=17) Presence

(n=10) 17.1+2.0 0.023



Limph node metastasis (n=18)

Absence
(n=9)
Presence
(n=9)

15.5+3.8

16.8+2.2

0.76

86
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FIGURES
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Figure 1 - Electrophoretic profile for the polymorphisms of genes GSTM1 and GSTT1.
L - fragment marker of 100 bp (Ladder); 1 - GSTT1 present; 2 - GSTT1 and GSTM1
present; 3- GSTT1 and GSTM1 absent; 4 - GSTM1 present; 5 - Negative control (DNA

free) for both alleles.
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Figure 2 - GSH concentration among the different polymorphisms.
GSTT1-: null genotype; GSTT1+: wild genotype; GSTM1-: null genotype; GSTM1+:
wild genotype; GSTM1-/ GSTM1-: double deletion.
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a) GSTT1+ b)  GsTT1+/GSTMI+ ¢  GSTT1-/GSTM1-

Presence Absence Yés <14%, >14%,

| Chronic stress | Angiolymphatic emboli | Ki67 |

Figure 3 - Significant relations between different genotypes and clinicopathological
parameters in pacients with determined GSH levels.

a) Significant association between GSTT1+ and decrease GSH in chronic
psychological stress.

b) Significant association between GSTT1+/GSTM1+ and increase GSH in presence
of angiolymphatic emboli.

c) Significant association between GSTT1-/GSTM1- and increase GSH in ki67>14%.
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7. ANEXOS

Anexo A

PARECER CONSUBSTANCIADO DO CEP DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: Mapeamento do cancer de mama familial no sudoeste do Parana
e estudo de associacao de risco coma exposicdo ocupacional a agrotoxicos.
Pesquisador: CAROLINA PANIS

Area Tematica: Versdo: 1 CAAE: 35524814.4.0000.0107

Instituicdo Proponente: UNIVERSIDADE ESTADUAL DO OESTE DO PARANA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 810.501

Data da Relatoria: 25/09/2014

Apresentacdo do Projeto: Neste estudo pretende-se avaliar todas as mulheres
diagnosticadas com cancer de mama, atendidas no Hospital de Cancer de Francisco
Beltréo (Ceonc), em um periodo de 48 meses. A partir da analise de anotacdes em
prontuarios serdo selecionadas para investigacdo dos genes de interesse aquelas
mulheres com historia de cancer de mama familial com ou sem exposi¢éo ocupacional
a agrotoxicos. Atende aos requisitos tedricos, metodologicos e éticos. Objetivo da
Pesquisa: Mapear os casos de cancer de mama familial na regido Sudoeste do Parana
e identificar possivel associacdo a exposicao ocupacional a agrotoxicos. Avaliacdo
dos Riscos e Beneficios: Nao ha riscos diretos aos sujeitos, uma vez que serao
estudados materiais coletados durante cirurgias oncoldgicas.

Comentarios e Consideracfes sobre a Pesquisa: Relevante para a area de oncologia.
Consideracdes sobre os Termos de apresentacdo obrigatoria: Todos apresentados.
Recomendacdes: Ndo ha recomendacdes.

Conclusdes ou Pendéncias e Lista de Inadequacdes: Nao ha pendéncias.

Situacédo do Parecer: Aprovado

Necessita Apreciacdo da CONEP: Nao

Consideragbes Finais a critério do CEP: Aprovado. O projeto ndo necessita
adequacoes.

CASCAVEL, 29 de Setembro de 2014
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Assinado por: Joao Fernando Christofoletti (Coordenador)
Endereco: UNIVERSITARIA Bairro: UNIVERSITARIO CEP: 85.819-110 UF: PR
Municipio: CASCAVEL Telefone: (45)3220-3272 E-mail: cep.prppg@unioeste.br
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Anexo B
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COMITE DE ETICA EM PESQUISA ENVOLVENDO SERES
Universidade HUMANOS

Estadual de Londrina
Registro CONEP 5231

Parecer CEP/UEL: :‘W?o!)

CAAE. 17123113 4 0000 5231

” da Relatoria } 30092013

Pesquisadorta): Mana Angeica Enara
Unidade/Orgho: Programa de PG em Patsioge Expenmental
Prezasoia) Senhoria)

Estadual de Londrina = de acordo com as
onentacbes da Resoluclio 466/12 do C e S MS e R 2
Complementares. avaliou o projeto Sochos
c.lne.? genéticos. epigenéticos, moleculares e imunolégicos
em - e
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NO GESETVE) 5 Phon <a -
Plataforma Brasd relaténo final da pesquisa S CEPUEL

Londnna 30 de setemiro de 2013
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Anexo C

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - TCLE
Titulo do Projeto: Mapeamento do cancer de mama familial no Sudoeste do Parana e
estudo de associacao de risco com a exposi¢cdo ocupacional a agrotoxicos.
Pesquisador responsavel: Profa Dra CAROLINA PANIS — Telefones (43)99165316 e
(46) 30571079
Convidamos vocé a participar de nossa pesquisa que tem o objetivo de identificar os
casos de cancer de mama em mulheres que tem histéria da doenca na familia, que
moram na regido Sudoeste do Parana. Para isso sera realizada a coleta de um tubo
de sangue (10 mL) e um tubo de saliva (1 mL) para fazer os exames necessarios para
identificar porque alguns tumores de mama levam a doencas tao agressivas. Durante
a execucao do projeto também vamos precisar de uma parte do tecido tumoral que o
medico ird remover durante a sua cirurgia ou que foi coletado para o diagnostico da
doenca (na biopsia). Também precisaremos consultar o prontuario médico, para saber
informacbes sobre sua saude e sua ocupacdo de trabalho. Para algum
guestionamento, davida ou relato de algum acontecimento os pesquisadores poderéo
ser contatados a qualquer momento, pelos telefones (43)99165316 e (46) 30553026.
Estamos disponiveis para esclarecer quaisquer davidas, a qualquer momento. Desta
forma, vocé esta contribuindo para a identificacdo de fatores que levam a alta
incidéncia de canceres agressivos na nossa regiao. Este termo sera entregue em duas
vias, sendo que uma ficara com vocé. Vocé ndo pagara nem recebera para participar
do estudo. Seus dados serdo mantidos em sigilo, ou seja, ninguém além dos
pesquisadores tera acesso ao material ou informacdes coletadas. Estes dados serao
utilizados somente para fins cientificos. Vocé podera cancelar sua participacdo a
gualguer momento. Se necessitar de maiores informacdes, o telefone do comité de
ética é 3220-3272 e da pesquisadora responsavel € 46 30553026. A coleta de material
sera feita dentro do Ceonc, portanto qualquer imprevisto sera resolvido imediatamente
no local. Ao término do projeto, se a pesquisa identificar que a sua doenca se classifica
como cancer familial, vocé sera chamado ao Ceonc para receber esclarecimentos
sobre como proceder no acompanhamento da doenga nos proximos anos.
Declaro estar ciente do exposto e desejo participar do projeto. Nome do sujeito de
pesquisa ou responsavel:

Assinatura:
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CPF:

Eu, , declaro que forneci todas as informacdes do projeto

ao participante e/ou responsavel. Data:



94

Anexo D

(D

=85 UNIVERSIDADE ESTADUAL DE LONDRINA
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Informacdes sobre a pesquisa:

Vocé esta sendo convidada a participar, como voluntéria saudavel, da pesquisa
intitulada “Estudo de marcadores genéticos, epigenéticos, moleculares e
imunolégicos em cancer”, que tem por objetivo analisar determinadas moléculas que
podem influenciar na imunidade da paciente. Vocé seré esclarecida sobre a pesquisa
em qualquer aspecto que desejar. Sua participacdo ndo é obrigatéria e, a qualquer
momento, vocé podera desistir de participar e retirar seu consentimento, sem que iSso
acarrete qualquer penalidade.

Procedimentos do Estudo:
Os procedimentos da pesquisa envolvem a obtencdo de 5mL de sangue periférico
para analise das células e moléculas do sistema imunologico.

Confidencialidade da Pesquisa

As informacdes obtidas através desta pesquisa serdo confidenciais e
asseguramos o sigilo sobre sua participacado. Os dados ndo serao divulgados de forma
a possibilitar sua identificacdo. A amostra de sangue e tecido obtidos, serao utilizados
para obtencdo de DNA, RNA e plasma para a realizacéo deste projeto. A participacdo no
estudo ndo acarretara custos para vocé e nao havera compensacao financeira adicional.
A coordenadora do projeto € a Prof2. Dr2 Maria Angelica Ehara Watanabe, que pode ser
encontrada no endereco: Rod. Celso Garcia cid, 445, Departamento de Ciéncias
Patoldgicas, Centro de Ciéncias Bioldgicas, Universidade Estadual de Londrina, CEP:
86051-970, Tel / Fax: (43) 3371-5629, como também procurar o Comité de Etica em
Pesquisa Envolvendo Seres Humanos da Universidade Estadual de Londrina, na
Avenida Robert Kock, n° 60, ou no telefone 3371 — 2490.
Pesquisador Responsavel
RG:
Consentimento livre esclarecido e informado:
Eu, , RG :
declaro que estou de acordo com as informacfes contidas neste documento, fui
devidamente esclarecida pelo(s) pesquisador(es) dos objetivos e procedimentos da
pesquisa de maneira clara e detalhada, e esclareci minhas duvidas. Concordo em
participar voluntariamente como doadora saudavel desse estudo sendo que poderei
retirar meu consentimento a qualguer momento, antes ou durante a execucao deste
projeto.
Londrina, de , 20

Assinatura do doador (ou responsavel):




Anexo E

Questionario

Numero de identificacéo
Nome paciente
Prontuério
Data DIAGNOSTICO
Topografia do cancer
Idade ao diagndstico
Menopausa (sim ou nao)
Finalidade da QT (paliativa, adjuvante, neo)
Histérico familial (pais ou irméos com
ca)
Grau histopatologico do tumor
Dados de Imunohistoquimica
Classificacdo TNM
Invaséo Linfonodal
Invaséo vascular
Fez cirurgia (qual)
Esquema de drogas da quimio
Fez radioterapia?
Tamanho do tumor
Comorbidades
Doenca recorrente ou primaria?
Sitios de metastase
Histdrico de estresse emocional
crénico?
Histérico médico
Toma café ou chimarrédo?
indice de massa corporal (peso e altura)
Trabalha Com agrotéxicos
Sobre a histéria de ca familial:
1. Algum parente teve ca de ovario?
( )sim ( )néo
2. Alguém teve ca de mama bilateral?
( )sim ( )néo
3. Algum homem teve ca de mama?
( )sim ( )néo
4. Alguém teve ca de ovério E de
mama?
( )sim ( )néo
5. Alguma mulher da familia teve ca de
mama antes dos 50 anos?
( )sim ( )néo
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SRQ (SELF — REPORT QUESTIONNAIRE) — QUESTIONARIO DE AUTO RELATO

DADOS PESSOAIS

NOME
ORIENTACOES PARA REALIZACAO DO TESTE

RESPONDA AS SEGUINTES PERGUNTAS A RESPEITO DA SUA SAUDE NA

EPOCA DA DESCOBERTA DA SUA DOENCA

1.Tinha dores de cabeca frequientes? ( ) SIM[1] ( ) NAO [0]
2. Tinha falta de apetite? ( )SIM[1] ( ) NAO [0]
3. Dormia mal? ( )SIM[1] ( ) NAO[0]
4. Assustava-se com facilidade? ( )SIM[1] ( ) NAO [0]
5. Tinha tremores de m&o? ( )SIM[1] ( ) NAO [0]
6. Sentia-se nervoso (a), tenso (a) ou preocupado ( )SIM[1] ( ) NAO [0]
a)?
(7.)Tinha ma digestao? ( )SIM[1] ( ) NAO [0]
8. Tinha dificuldade para pensar com clareza? ( )SIM[1] ( ) NAO [0]
9. Tinha se sentido triste ultimamente? ( )SIM[1] ( ) NAO [0]
10. Tinha chorado mais do que de costume? ( )SIM[1] ( ) NAO [0]
11. Encontrou dificuldades para realizar com ( )SIM[1] ( ) NAO [0]
satisfagdo suas atividades diarias?
12. Tinha dificuldades para tomar decisdes? ( )SIM[1] ( ) NAO [0]
13. Tinha dificuldades no servico (seu trabalho é ( )SIM[1] ( ) NAO [0]
penoso, causa sofrimento)?
14.Senti-se incapaz de desempenhar um papel util () SIM[1] ( ) NAO [0]
em sua vida?
15. Tinha perdido o interesse pelas coisas? ( )SIM[1] ( ) NAO [0]
16. Sentia-se uma pessoas inutil, sem préstimo? ( )SIM[1] ( ) NAO [0]
17 Tinha tido ideias de acabar com a vida ( )SIM[1] ( ) NAO [0]
18. Sentiu-se cansado (a) o tempo todo? ( )SIM[1] ( ) NAO [0]
19. Tinha sensacdes desagradaveis no estomago? ( ) SIM[1] ( ) NAO [0]
20. Cansava-se com facilidade? ( )SIM[1] ( ) NAO [0]
TOTAL:

NOME RESPONSAVEL PELA APLICACAO DO TESTE
DATA
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GUIDE FOR AUTHORS
INTRODUCTION

Clinical Breast Cancer is a peer-reviewed bimonthly journal that publishes original articles describing
various aspacts of clinical and translational research of breast cancer. Clinical Breast Cancer is devoted
to articles on detection, diagnosis, prevention, and treatment of breast cancer. The main emphasis is
on recent scientific developments in all areas related to breast cancer. Specific areas of interast incduds
clinical research and mechanistic approaches; drug sensitivity and resistance; gene and antisenss
therapy; pathology, markers, and prognostic indicators: chemoprevention strategies: multimodality
therapy; and integration of various approaches.

Rewviews: Review articles collate, describe, and ewvaluate prier publications of important clinical
subjects, accompanied by critical analysis leading to rational conclusions. These Reviews should
contain very little, if any, original data from an author's own study; however, such data can be usad
to support the overall thesis of the article. We also accept targeted mini-reviews that cover specific
topics or therapies.

Mechanics: Reviews articles should contain 2 short abstract stating the gozl of the review, an
introduction, discussion, and conclusion. We recommend that Review articles contain 2000-10,000
words, = 7 figures and/or tables, and 50-120 refersnces.

Perspectives: Perspectives are more focused than reviews and seek to review a topic from a
particular view or opinion. Perspectives should review a particular field to identify outstanding issues
and/or challenges and propose new hypotheses or directions. A Perspactive may highlight emerging
science, controversial opinions, or issuas within the field and seek to address thess controversies.
They may be accepted from a single individuzl or a team.

Mechanics: Perspectives should contain a short abstract stating the gozal of the review, an introduction,
discussion, and conclusion. We recommend that Perspective articles contain 2000-3000 words, = 7
figures and/or tables, and 45-30 references.

Original Studies: Original Studies articles present results of original clinical and/or translational
(basic research with clinical applications) research. This article focuses on new data collected by the
author(s) during the course of a clinical or preclinical trial, although other studies may be cited for
support, The Original Study should contain the following sections: Title Page, Structured Abstract,
Intreduction, Patients (or Materials) and Methods, Results, Discussion, and Conclusion.

Meachanics: Original Studies should contain a MicroAbstract and a structured abstract with tha
following sections: Backgrouwnd ([or Purpose), Patients (or Materials) and Methods, Results, and
Conclusion. Original Studies should also contzin a short dlinical practice points section after the
conclusion of the manuscript. We recommend that Original Studies contain 2000-8000 words, = 7
figures and/or tables, and 30-60 references.

Case Reports: Case Reports of educational value may describe a single case or a small series of cases.
Case Reports should draw attention to important clinical situations, unusual clinical phenomena, new
treatment protocols, or new complications in a single patient or in 2 small number of patients. Casa
reports may also cover novel diagnostic imaging technigues, eg, MRI, CT, PET, SPECT. Modalities for
diagnostic purposes, on outcome according to the pathelogic grade or to monitor distant lesions, are
of interest to the readership.

Mechanics: Case Reports should contain the following sections: Title Page, Clinical Practice Points,
Intreduction, Discussion, and Conclusion. We recommend that Case Reports contain 300-1500 words,
1-2 figures and/or tables, and 15-30 references. Imaging articles dealing with individual cases contain
500-1500 and that case series contain 2000-3000 words, 3-5 figures and/or tables, and 30-45
references.

Clinical Commentary: Clinical Commentaries focus on clinical topics that are novel or controversial
and require rapid dissemination. These articles may zalso highlight treatment options, protocaols, and/
or novel case treatments. Authors who wish to submit an unsclicited Commentary should send a brief
abstract to the Editor-in-Chief prior to submission in order to receive approval.

Mechanics: Commentaries should contain the following sections: Title Page, Introduction, Discussion,
and Conclusion. We recommend Commentaries contain 1000-2000 words, 1-2 figures and/or tables,
and 15-30 references.
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Letters to the Editor: Letters to the Editor should focus on articles published within the journal
during the last 12 months. These letters should be timely and seek to engage the authors of the
original article in discussion, The authors of the ariginal article will be asked to respond to a Letter
to the Editor, commenting on their article. The Letter to the Editor and the Reply to the Letter to the
Editor will be published together,

Mechanics: We recommend that letters contain 500-1000 words, and they may contain 1-2 figures
and/or tables and 5-15 references.

Other Items: The journzl also publishes highlights/repeorts of scientific meetings and book reviaws.
Please contact the editorizl office for further information.

If you hawve questions regarding any of the requirements for submitting 2 manuscript to the Journazl,
please contact the editorial office at clbo@elsevier.com.

“ou can use this list to carry out a final check of your submission bafore you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
+ E-mail address
» Full postal address

All necessary files have been uploaded:

Manuwscript:

» Include keywords

# &ll figures (include relevant captions)

# &ll tables (including titles, description, footnotes)

# Ensura all figure and table citations in the text match the files provided
# Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files {where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrightad material from other sources (including the
Intarnet)

» Relevant declarations of interest have bean made

» Journal policies detziled in this guide have baen reviewed

* Minimum of 2 suggested reviewers, with institutional affiliations, and emazil addresses

For further information, visit our Support Center.

BEFORE YOU BEGIMN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Human Subject Studies: It is the responsibility of the authors to assure that zll dinical investigations
detziled in manuscripts submitted to the journal are conducted in zccordance with the Declaration
of Helsinki and to document that these studies have been approved by the appropriate institutional
human research committes. Identifying information within written descriptions, photographs or
pedigrees should not be published. If such information is included as essential scientific information,
the authors must submit written consent of patient or guardian to publish such photographs in the
print and electronic versions of the journal.
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Animal Studies: It is the responsibility of the authors to assure that their experimental procedures
are in compliance with the guiding principles in the "Care and Use of Animals” {published sach month
in the Information for Authors of the American Journzl of Physiclogy or available online at hitp://
wvww. nap.edu/books/0309032773/html/) and to document that these studies were approved by the
appropriate institutional animal care and oversight committee.

All authors must disclose any financial and personal relationships with other pecple or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind]} or the
manuscript filz (if single-blind). If there are no interasts to declare then please state this: 'Declarstions
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches, More information.

Financial interests should be disclosed to the Editer-in-Chief in the cover letter and on a separata
conflict of interest page in the manuscript.

Submission of an article implies that the work described has not been published previously (exceptin
thie form of an abstract, a published lecture or academic thesis, see "Multiple, redundant or concurrent
publication’ for more information)}, that it is not under consideration for publication elsewheare, that
its publication is approved by all authors and tacithy or explicitlhy by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published slsewheare in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Checdk.

Fraprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication [see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using "he
or she’, "his/her’ instead of 'he' or 'his', and by making use of job titles that are free of sterectyping
{&.g. "chairperson’ instead of 'chairman' and ‘flight attendant’ instead of 'stewardess’).

&ll authors should have made substantial contributions to zll of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2] drafting the
article or revising it critically for important intellectual content, (2] final approval of the version to
be submitted.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To reguest such
a change, the Editor must receive the following from the corresponding author: (3] the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agras with the addition, removal or rearrangament. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

AUTHOR INFORMATION PACK & Oct 2013 wiww.elsaviencom/locate/jcbe 5



Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been publishied in an onlinz issue,
any regueasts approved by the Editor will result in 2 cormigendum.

Upon acceptance of an article, authors will be asked to complete a Journal Publishing Agreement’ (ses
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a "Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtzin written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement’ {more information}. Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author yvou [or your employer or institution) hawve certain rights to reuse your work, More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are reguested to identify wheo provided financizl support for the conduct of the ressarch and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report: and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has astablished a number of agreements with funding bodies which allow authors to comply
with their funder’'s open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

After acceptance, open accass papers will be published under 2 noncommercial license, For authors
requiring a cemmercial CC BY license, you can apply after your manuscript is accepted for publication.

This journal offers authors a choice in publishing their research:

Svbscription

# Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* Mo open access publication fee payable by authors.

* The Author is entitled to post the accepted manuscript in their institution's repesitory and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embarge period for this journal can be found below.
Gold open access

* Articles are freely available to both subscribers and the wider public with permitted reuse.

# A gold open access publication fee is payable by authors or on their behalf, =.9. by their research
funder or institution.

Regardless of how you choose to publish your article, the journzal will apply the same peer review
criteria and acceptance standards.
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For gold open access articles, permitted third party (rejuse is defined by the following Creative
Commons user licenses:

Creative Commens Attribution-NonCommercial-NeDerivs (CC BY-NC-ND)
For non-commercial purposes, lets others distribute and copy the article, and to include in a collective

work (such as an anthelogy), as long as they credit the author(s) and provided they do not alter or
modify the artide.

The gold open access publication fee for this journal is USD 1900, excluding taxes. Learn more abowt

Elsevier's pricing policy: https://fwww.elseviencom/openaccesspricing.

Green apen Sccess

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo pericd and it begins from the
date the article is formally published online in its final and fully citable form. Find ocut more.

This journal has an embarge period of 12 months.

Elzevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn” envircnment at Ressarcher Academy
offers several interactive modules, webinars, downloadable guides and resources to quide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English [American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
wihere an author wishes to include case details or other personal information or images of patients
and any other individuzls in an Elsevier publication. Written consents must be retzined by the author
but copies should not be provided to the journal. Only if specifically reguested by the jourmal in
exceptionzl circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (on where applicable, the next of kin), the personal
detzils of any patient included in any part of the article and in any supplementary materials {including
all Mlustrations and videos) must be removed before submission.

Cur online submission system guides you stepwise through the process of entering your articla
detzils and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g.. Word, LaTeX) are reguired to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article

Please submit your article via https:/fvww.evise.com/profile/api/ navigate/CBC,

Full instructions for online submission are available on the Elsevier Evise submission site. Upon receipt
of a manuscript, an e-mail message will be sent to the corresponding author confirming receipt
of the paper If you do not receive this confirmation within 48 hours, contact the editorial office
clbc@elsevier.com to confirm receipt.
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Referses

Each submitted manuscript is required to include at least three suggested reviewers, with affiliations.
and email addresses. Authors should consider carefully their suggestad reviewers. Suggested
reviewers should not hawve a conflict of interest for the submitted manuscript, nor have substantial ties
to the authors of the manuscript. Email addresses must be from the suggested reviewer's institutional
affiliation, not 2 non-specific, generic email address. Suggested reviewers should have expertise in
the subject matter of the submitted manwscript. For more details, visit our Support site. Note that
the editor retains the sole right to decide whether or not the suggested reviewers are usad.

The Editorial team may triage a manuscript via initial review by the editorial staff, including the Editor
and zt least one Associate Editor, to ensure the paper meets certain criteria. Reasons for triage may
include: insufficient direct relevance to the scope of the Journzal, inadequate or unethical methodology,
inadequate statistical power or assessment, insufficient inmovation or contribution to the advancement
of the field. All other manuscripts will undergo the full peer review process, being referred to an
Associate Editor, who will identify reviewers with the expertise to review the paper. At each Associate
Editor's discretion, any manuscript may be referred specifically for statistical review relating to the
approprizteness or otherwise of statistics used, adjustment for multiple comparisons, sample size
issuses and the like. Manuscripts with inadaquate or inappropriate statistics will not be accepted.
Authors are encouraged to suggest names of appropriate reviewers (include phone/fax/address/e-
mail for each reviewer suggested) and may zlso request that a specific reviewear not be used.

Authors will receive a full response on their manuscript detailing any changes required by the
Reviewears and Editorial team and the decision about the acceptance or otherwize of the manuscript.
Cnly authors listed on the manuscript may receive information about 2 manuscript.

Authors who wish to object to an unfavorable decision must do so within two months of notification
of a decision. Please note zll communications must be addressed to the editorizl office via email
clbc@elsevierncom. Any materials or communications sent to the Editor or Associate Editors will incur
delays because they will be forwarded to the central Editorial Office for handling.

PREPARATION

We wish to emphasize the importance of clarity and succinctness of the presentation of material:
Pleaze respact the relevance of zll material te the Introduction, Methods, Results and Discussion
and avoid unnecessary repetition. Do not repeat the results and conclusions in the Intreduction.
Conclusions should NOT be stated throwghout the Results section. Results should not be restated
throughout the Discussion section. Avoid simply restating the Results in the Discussion rather than
explaining how each result advances the overall conclusions of the study. The final part of the
Discussion should refer back to the rationale for the study and explain how the findings have advanced
the area.

We strongly recommend authors employ the format and guidelines detailed below.

Abbreviations and MNomenclature: Abbreviations and nomenclature should follow  the
recommendations of the International Union of Pure and Applied Chemistry and the International
Union of Biochemistry [see http://vwwrw.chem.gmul.ac.uk/ivpac/jcbn/]. The International system of
Units (SI units) is recommended. It is desirable to include appropriate conversion factors to aid the
reader.

Order

Title Page, Conflict of Interest Page, MicroAbstract (Original Studies), Abstract, Introduction, Materials
and Methods, Results, Discussion, Conclusion, Clinical Practice Points, Acknowledgments, References,
Tables, Figures. (Number ALL pages consecutively)

This journal operates a single blind review process. All contributions will be initially assessad by tha
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
one independent expert reviewer to assess the scientific quality of the paper. The Editor is responsibla
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.
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Reviewing Articles

For manuscripts that are accepted for publication, all the authors and co-authors are expected to
review at least one manuscript over the two years following publication. The publication process for
each submitted manuscript requires external peer-review, with significant time, effort. and input from
its voluntary reviewers. Therefore, it is appropriate that those authors who have benefited from the
peer process should, in turn, be willing to peer-review other authors' manuscripts.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should ba in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are wsing a table grid, use only one grid for each
individual table and not 2 grid for each row. If no grid is usad, use tabs, not spaces, to align columns.
The elactronic text should be prepared in a way very similar to that of conventional manuscripts (ses
also the Guide to Publishing with Elsevier). Note that source files of figuras, tables and text graphics
will be required whether or not you embad your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-chack'
functions of your word processor,

Subdivision - unnumbered sections

Divide vour article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible whan cross-
referencing text: refer to the subsaction by heading as cpposed to simply 'the text'.

Intreduction
State the objectives of the work and provide an adequate background, aveiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to axisting methods should also be describad.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. & combined Resulis
and Discussion section is often appropriate. Avoid extensive citations and discussion of publishad
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If thera is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1]), Eg. (A.2), atc.: in & subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figuras: Table A.1: Fig. A.1, etc.

¢ Title. Concise and informative. Titles are oftem used in information-retrieval systems. Awoid
abbreviations and formulae where possible.

¢ Author names and affiliations. Please clearly indicate the given name(s) and family namea(s)
of each auther and chack that all names are accurately spelled. You can add your namea bebtween
parentheses in your own script behind the English transliteration. Present the authors’ affiliation
addresses (where the actuzal work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the zpproprizate addrass.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author,
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Reviewing Articles

For manuscripts that are accepted for publication, all the authors and co-authors are expected to
review at least one manuscript over the two years following publication. The publication process for
each submitted manuscript requires external peer-review, with significant time, effort, and input from
its voluntary reviewers, Therefore, it is appropriate that these authors who have benefited from the
peer process should, in turn, be willing to peer-review other authors' manuscripts.

Use of word precessing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of tha text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individuzal table and not a grid for each rows. If mo grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Mote that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To aveoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing bext: refer to the subsection by heading as opposed to simply 'the text'.

Intreduction
State the objectives of the work and provide anm adequate background, avoiding a detziled literature
survey or a summary of the results,

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use guotation marks and also cite the source. Any modifications
to existing methods should also be described.

Resulfs
Results should be clear and concise.

Discussion
This should axplore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Cenclusions
The miain conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If thera iz more than one appendix, they should be identified as &, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1}, Eg. (A.2), etc.; in a subseguent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table &.1; Fig. A.1, etc.

# Title. Concise and informative. Titles are often used in information-retrieval systems. Awvoid
abbreviations and fermulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses [where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country mame and, if available, the
e-mail address of each author.
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Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuzls who provided help during the research (2.g.. providing language help, writing assistance
or proof reading the article, etc.].

Formatting of funding seurces
List funding sources in this standard way to facilitate compliance to funder's requiremeants:

Funding: This work was supported by the National Institutes of Health [grant numbers oo, yyyy]:
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number azaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors,

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
othier units are mantioned, please give their equivalent in SI.

Math fermulae

Please submit math eguations as editable text and not as images. Present simple formulas in
line with normal text where possible and use the solidus /) instead of 2 horizontal line for small
fractional terms. e.g.. ¥/Y. In principle. variables are to be presented in italics. Powers of e are often
more conveniently dencted by exp. Mumber consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Mumber them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be usad. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately zt the end of the
article. Do not include footnotes in the Reference list.

Electranic artwark

General points

* Make sure you use uniform lettering and sizing of your original artwork.

# Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times Mew FRoman, Symbol, or
use fonts that lock similar

* Number the illustrations according to their sequence in the taxt.

* Usa a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustraticn as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Fermats

If wvour electrenic arbwork is created in a Microsoft Office application {Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requiremeants for ling drawings, halftones, and ling/halftona combinations given below):

EPS (or PDF): Vector drawings, embed all usad fonts.

TIFF {or JPEG): Coloer or grayscale photographs (halftones), keep to a minimum of 200 dpi.

TIFF {or JPEG): Bitmapped [pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
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TIFF {or JPEG): Combinations bitmapped line/half-tene {color or grayscale), keep to 2 minimum of
500 dpi.

Plzase do not:

& Supply files that are optimized for screen use (e.g.. GIF, BMP, PICT, WPG): these typically have a
lovi number of pixels and limited set of colors;

* Supply files that are too low in resclution:

& Submit graphics that are disproportionately large for the content.

Celor artwork

Pleaze make sure that artwork files are in an acceptzable format (TIFF (or JPEG). EFS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted article, vou submit
usable color figures then Elsevier will ensure, at no additional charga, that these figures will appaar
in celor online {e.q., Sciencelirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit 2 manuscript but
concernad about the guality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image "polishing’ is also available, where our illustrators take your image(s) and improve
them to a professional standard. Pleass visit the website to find out more.

Please use small non-bold, non-italic capital letters and placa them in Arizl font when using figure
headings/labals, Authors who would like to test their figures for publication quality should use Digital
Expert: http://dx.sheridan.com/.

Figure caplions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figurs, A
caption should comprise a brief title (mot on the figure itself) and a description of the illustration. Keep
text in the illustrations themsehwes to a minimum but explain all symbols and abbreviations used.

Pleaze submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate pagels) at the end. Mumber tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsawhere in the article. Please aveoid using vertical rules and shading in table calls.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may ba mentioned in the text. If these
raferences are included in the reference list thay should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results’ or
'Personal communication'. Citation of 2 reference as 'in press’ implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by onling links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Flease
note that incorrect surnames, journal/bock titles, publication year and pagination may prevent link
creation. When copving references, please be careful as they may already contain errors. Use of the
00T is highly encouraged.

& DOT is guaranteed never to change, so you can use it as 2 permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.. Russo R.M.,
Jameas D.E., Ambeh W.B., Franke M. [2003), Aseismic continuation of the Lesser Antilles slab bensath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.102%/2001JE000234,
Please note the format of such citations should be in the same style as all other references in the paper
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Web references

£z a minimum, the full URL should be given and the date when the reference was last accessad. Any
further information, if known {DOI, author names, dates, reference to a source publication, stc.).
should also be given. Web references can be listed separately (e.g.. after the reference list) under 2
different heading if desired, or can be included in the reference list.

Data references

Thiis jowrnal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in vour text and including a data reference in vour Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version {where available), vear
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensura that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issua.

Reference management saftware

Maost Elsevier journals have their referance template available in many of the most popular references
management software products. These include all products that suppeort Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and biblicgraphies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please fellow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Usars of Mendeley Desktop can easily install the reference style for this journzl by clicking the following
lim ks

http://open.mendeley.com/use-citation-styla/clinical-breast-cancer

When preparing yvour manuscript, yvou will then be able to select this style using the Mendaley plug-
ins for Microsoft Waord or LibreCffice.

Reference style

Text: Indicate references by (consecutive) superscript arabic numerals in the order in which they
appear in the text. The numerals are to be used cutside pericds and commas, inside colons and
semicolons. For further detail and examples youw are referred to the AMA Manual of Style, A Guide for
Authors and Editors, Tenth Edition, ISEM 0-378-0-13-517633-9.

List: Number the references in the list in the order in which they appear in the text.

Examples:

Reference to a journal publication:

1. Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing 2 scientific article. J Scf Commun.
2010;163:51-59. https://doi.org/10.1016/4.5c.2010.00372.

Reference to a journal publication with an article number:

2. Van der Geer ], Hanraads 1]AJ, Lupten RA. The art of writing a sdentific artidle. Heliyon.
2018;19:200205. https://doi.org/10.1016/j.heliyon.2018..00205.

Reference to a book:

3. Strunk W Ir. White EB. The Elements of Style. 4th ad. Mew York, NY: Longman: 20040,

Reference to a chapter in an edited book:

4, Mettam GR, Adams LEB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, eds. Intreductien to the Electronic Age. New York, NY: E-Publishing Inc; 2009:281-304,
Referance to a wabsita:

5. Cancer Research UK. Cancer statistics reports for the UK. http://vwww.cancerresearchuk.org/
aboutcancer/statistics/cancarstatsreport/: 2003 Accessed 13 March 2003,

Reference to a dataset:

[dataset] 6. Oguro, M, Imahiro, S, Saito. S, Makashizuka., T. Mortality data for Japanese ozk wilt
disease and surrounding forest compositions, Mendeley Data, v1: 2015. https://doi.org/10.17632/
®wjZBnb39r1,

Prescription information: Taxol (paclitaxel) Injection [prescribing information]: Princeton, MI:
Eristol-Myers Squibb; 2003,
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Erratum: Loehrer P1, Sr., Einhorn LH, Elson Fl, et zl. A randomized comparison of cisplatin alone or
in combination with methotrexate, vinblastine, and doxorubicin in patients with metastatic urcthealial
carcinoma: a cooperative group study [published erratum appears in: J Clin Oncel 1993;11:384]. 7
Clin Oncel 19%2; 10:1066-73.

Non-English Language Translations: Zhang N, Gong K, Yang XY, et al. Expression of hypoxia-
inducible factor-1-alpha, hypoxia-inducible factor-Zalpha and vascular endothelial growth factor in
sporadic clear cell renal cell renzal cell carcinoma and their significance in the pathogenesis thereof.
[in Chinese]. Zhonghua ¥i Xue Za Zhi 2006; 85:1526-9.

Journal abbreviations source
Joumal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your sdentific
rasearch. Authors who have video or animation files that they wish to submit with their article ars
strongly encouraged to include links to these within the body of the artide. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly lzbeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation materizal is directly
usabla, please provide the file in one of our recommended file formats with 2 preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills" with vour files: vou can choose any frame from the video or animation or make a separate
image. Thesa will be used instead of standard icons and will personalize the link to your video data. For
mare detailed instructions please visit our video instruction pages. Mote: since wideo and animation
cannct be embedded in the print version of the journzal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
maore closely with your research. Follow the instructions here to find out about available data
visualization options and how to incude them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowierPoint files will appear as such onling). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the Track Changes’ option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enzbles you to share data that supports your research publication
whare appropriate, and enablas you to interlink the data with your publishad zrticles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protecols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or mzake a statemant
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Pleasa refer to
the "References” section for more information about data citation. For more information on depesiting,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If vou have made your research data available in 2 data repository, you can link your article directhy to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.
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There are different ways to link your datasets to vour article. When available, you can directly link
yvour dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on SciencelDirect.

In addition, you can link to relevant data or entities through identifiers within the text of vour
manuscript, using the following format: Database: oo (e.g.. TAIR: AT1G0D1020; CCDC: 734053;
POE: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocels, and methods) associated with your
manuscript in 2 free-to-use, open access repository. During the submission process, after upleading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mandeley
Ciata. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journzls page.

Data staterment

To foster transparency, we encourage you to state the availzbility of your datz in your submission.
This may be a requirement of your funding bedy or institution. If your data is unavailable to access
or unsuitable to post, yvou will have the opportunity to indicate why during the submission procass,
for example by stating that the research data is confidential. The statement will zppear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

The editor reserves the right to schedule your manuscript for print or online only publication. &ll
manuscripts will appear in a printed table of contants; however, some papars may enly be available
online due to print page restrictions.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with 2 link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor
Web-based proofing provides a faster and less error-proene process by allowing you to directly type
vour corrections, eliminating the potentizal introduction of errors.

If prefarred, you can still choose to annotate and upload your edits on the POF version. &l instructions
for proofing will ba given in the e-mail we send to authors, including alternative methods to tha online
version and POF.

Wea will do everything pessible to get your articla publishad quickly and accurately. Please use this
proof only for checking the typesetting, editing, complateness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please chack carefully bafore replying. as inclusion of any subsequent
carrections cannot be guarantesd. Proofreading is solaly your responsibility.

The corresponding author, at no cost. will be provided with a PDF file of the article via e-mail (the PDF
file i= a watermarked version of the published article and includes a cover shest with the journal cover
image and a disclaimer ocutlining the terms and conditions of use). For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for publication.
Both cormresponding and co-authors may order offprints at any time via Elsevier's Author Services.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Freguently Asked Questions to ways to get in touch.

You can also check the status of your submitted artide or find out when your accepted article will
be published.
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Anexo H

Clinical Breast Cancer

GSTM1 and GSTT1 polymorphisms are associated with glutathione variations and

poor prognosis parameters in breast cancer.
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Glutathione ransferase enzymes (G5Ts) ad on the conjugation of reduced glutathione
{y-L-glutamy-L-cysieine glyane, GSH) with the produds of metabolism and
xenobiofics. Polymaorphisms in these ganes have been associated with susceptibility to
devalop breast cancer, but few i known regarding its robe on diseasa prognosis. The
present siudy evalualed the relationship of polymorphisms of GSTM1 and GSTTH
genes and its rel ationship with breast cancer suscepfibiity and prognostic, as well as
its impact on plasmatic G5H. A total of 121 women with invasive ductal breast cancer
and 151 healthy controls were included . Polymanphisms anal yses were performed
using the Mulliplex PCR technique and G5H levels measured with the Ellman's
reagent. GSTT1 and GSTM1 polymornphisms did not show any association with
breast cancer susceptibility, GSTT1 presence was associated with reduced levels of
GEH in breast cancer patients with a history of chronic siress. There was also
significance between the positve double genclype and an increase in GSH levels in
the presence of angiolymphatic emboli, as well as significance between the deleted
double genotype and a high ki6T value (=14 %) . These results show these gene
polymorphismes are associated with specific chinical parameters that determine breast
cancer prognosis, and affect the availabiity of GSH in such patients,
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