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VACARIO, Beatriz. Impacto da exposi¢cao aos agrotoxicos e da presenga do
polimorfismo rs7438135 no gene UGT2B7 na geragao de estresse oxidativo e
perfil clinicopatolégico em mulheres com cancer de mama. Dissertagcao
apresentada ao Programa de Pés-Graduagao em Fisiopatologia Clinica e Laboratorial,
da Universidade Estadual de Londrina, como requisito para a obtencéo do titulo de
Mestre, 2023.

RESUMO

Em regides com economia baseada na agricultura familiar e no agronegécio, as
mulheres estdo expostas ocupacionalmente aos agrotdxicos. Estas substancias
representam um fator de risco importante para o desenvolvimento de doengas a longo
prazo, como o cancer de mama (CM). A detoxificacdo dos agrotdxicos inclui a familia
UDP-glucuronosiltransferase (UGTs), composta por um grupo de enzimas que
participam das reagdes de fase Il de eliminagdo. O polimorfismo rs7838135 (G>A) no
gene UGT2B7 aumenta seu potencial de glicuronidagdo e atua como um sistema
antioxidante devido a neutralizagado de metabdlitos do estresse oxidativo. No presente
estudo investigamos o impacto da exposigdo ocupacional a agrotoxicos na geragéao
do estresse oxidativo sistémico em 228 mulheres com de cancer de mama, agrupadas
em expostas ocupacionalmente a agrotdxicos (134) e nao expostas a agrotdxicos (94),
portadoras ou nao do polimorfismo no gene UGT2B7. O DNA foi extraido de sangue
periférico heparinizado e a reagdo em cadeia da polimerase quantitativa em tempo
real investigou a presenga do polimorfismo rs7838135. Marcadores de estresse
oxidativo (niveis de peroxidacéo lipidica, capacidade antioxidante total — TRAP e
metabdlitos de éxido nitrico — NOx) foram mensuradas no plasma. Os dados clinico-
patolégicos como quimioresisténcia, recorréncia, grau histopatolégico, receptor de
estrégeno, progesterona, fator de epidermal de crescimento (HER), alto indice de
proliferagao (Ki67), subtipo molecular, tamanho do tumor, agressividade do subtipo,
émbolos angliolinfaticos, idade ao diagndstico, indice massa corporal, menopausa,
estratificacdo de risco e a invasdo de linfonodos, foram obtidos dos prontuarios. A
exposicao aos agrotoxicos induziu aumento significativo da lipoperoxidagao sistémica
na presenga do polimorfismo rs7838135 para diversas condi¢des clinicopatolégicas,
incluindo tumores com alto ki67 (p=0,0337) e com alta agressividade (subtipos triplo-
negativo e Luminal B) (p=0,0130). Os niveis de NOx foram aumentados em pacientes
portadoras de tumores com elevado ki67(p=0,0300), receptores de progesterona
positivos (p=0,0360), tumores de baixo grau (p=0,0519), subtipos triplo-
negativos/Luminal B (0,0268) e pacientes estratificadas com baixo risco de 6bito e
recidiva (p=0,0233). A TRAP foi depletada em pacientes jovens na menopausa
(p=0,0431) e naquelas com tumores triplo-negativos/Luminal B (p=0,0246), bem como
naquelas estratificados como de baixo risco de 6bito e recorréncia (p=0,0384). Esses
achados mostraram que mesmo a presenca do polimorfismo rs7838135 no gene
UGT2B, que eleva a atividade enzimatica e em tese levaria a uma eliminagao ideal
dos agrotéxicos, nao foi capaz de proteger da geracao de estresse oxidativo induzida
por essa substancia em pacientes com CM. Indicando um possivel, porém nao
elucidado papel dos agrotdxicos na supressao da atividade das enzimas UGT2B7 que
poderia potencialmente contribuir para a progressédo do tumor, devido aos danos
ocasionados pelo estresse oxidativo ao DNA.

Palavras-chaves: agrotoéxico; polimorfismo de nucleotido unico (SNP); estresse
oxidativo; metabolismo; cancer de mama



VACARIO, Beatriz. Impact of occupational pesticide exposure and the presence
of the polymorphism rs7438135 in the UGT2B7 gene on the generation of
systemic oxidative stress and its clinicopathological significance in women with
breast cancer. Dissertation presented to Postgraduate Program in Clinical and
laboratory pathophysiology, at the State University of Londrina, as a requirement for
obtaining a Master's degree, 2023.

ABSTRACT

In regions with an economy based on family farming and agribusiness, women are
occupationally exposed to pesticides. These substances represent an important risk
factor for the development of long-term diseases such as breast cancer (BC).
Detoxification of pesticides includes the UDP-glucuronosyltransferase (UGTs) family,
composed of a group of enzymes that participate in phase Il elimination reactions. The
rs7838135 (G>A) polymorphism in the UGT2B7 gene increases its glucuronidation
potential and acts as an antioxidant system due to the neutralization of oxidative stress
metabolites. In the present study, we investigated the impact of occupational exposure
to pesticides on the generation of systemic oxidative stress in 228 women with breast
cancer, grouped into occupationally exposed to pesticides (134) and not exposed to
pesticides (94), carriers or not of the polymorphism in the UGT2B7 gene. DNA was
extracted from heparinized peripheral blood and real-time quantitative polymerase
chain reaction investigated the presence of the rs7838135 polymorphism. Oxidative
stress markers (lipid peroxidation levels, total antioxidant capacity — TRAP and nitric
oxide metabolites — NOx) were measured in plasma. Clinicopathological data such as
chemoresistance, recurrence, histopathological grade, estrogen receptor,
progesterone, epidermal growth factor (HER), high proliferation index (Ki67), molecular
subtype, tumor size, subtype aggressiveness, angiolymphatic emboli, age at
diagnosis, body mass index, menopause, risk stratification and lymph node invasion
were obtained from medical records. Exposure to pesticides induced a significant
increase in systemic lipid peroxidation in the presence of the rs7838135 polymorphism
for several clinicopathological conditions, including tumors with high ki67 (p=0.0337)
and with high aggressiveness (triple-negative and Luminal B subtypes) (p=0, 0130).
NOx levels were increased in patients with tumors with high ki67 (p=0.0300), positive
progesterone receptors (p=0.0360), low-grade tumors (p=0.0519), triple-negative
subtypes /Luminal B (0.0268) and stratified patients with low risk of death and
recurrence (p=0.0233). TRAP was depleted in young menopausal patients (p=0.0431)
and in those with triple-negative/Luminal B tumors (p=0.0246), as well as in those
stratified as at low risk of death and recurrence (p=0 .0384). These findings showed
that even the presence of the rs7838135 polymorphism in the UGT2B gene, which
increases enzymatic activity and in theory would lead to an ideal elimination of
pesticides, was not able to protect against the generation of oxidative stress induced
by this substance in patients with BC. Indicating a possible, but not yet elucidated, role
of pesticides in suppressing the activity of UGT2B7 enzymes that could potentially
contribute to tumor progression, due to damage caused by oxidative stress to DNA.

Keywords: Pesticides; Single nucleotide polymorphisms (SNP); oxidative stress;
metabolism; breast cancer.
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1 INTRODUGAO

Na regido sudoeste do Parana, cuja economia esta centralizada na agricultura
familiar e no agronegadcio, ha uso intensivo de agrotoxicos, destacando-se o glifosato,
a atrazina e o acido diclorofenoxiacético (2,4D) (GABOARDI; CANDIOTTO; RAMOS,
2019). Nos 27 municipios que compdem a 82 Regional de Saude do estado do Parana,
foi identificado que mulheres que desenvolvem cancer de mama (CM) e s&o expostas
ocupacionalmente aos agrotoxicos desenvolveram tumores com fendtipos mais
agressivos em comparagao com as mulheres sem exposigao ocupacional (PIZZATTI
et al., 2020). Esse fato sinaliza um possivel papel dos agrotoxicos na aquisicao de
mecanismos responsaveis pela agressividade dos tumores de mama e
desenvolvimento de tumores com pior prognostico.

Na ultima década, nosso grupo vém caracterizando o impacto da exposi¢cao
aos agrotoxicos no perfil do cancer de mama humano. Identificamos que existe
intensa contaminagdo humana por agrotéxicos nesta populagado (TEIXEIRA et al.,
2021), e que esta exposicao esta associada a um perfil de doenga mais agressivo,
com supressdo dos mecanismos de respostas imunes antitumorais e alteragdes nos
genes de reparo de DNA (DA SILVA et al., 2022; SCANDOLARA et al., 2022). Estes
achados indicam que os agrotdxicos provavelmente possuem uma agao sistémica e
podem impactar outras vias bioldgicas.

As enzimas glucuronidases, das quais faz parte a enzima UGT2B7, sao
importantes na detoxificagdo de compostos enddgenos e exdégenos (YANG et al.,
2017). Neste processo, as UGTs apresentam atividade antioxidante devido a sua
capacidade de neutralizar espécies reativas e metabdlitos do estresse oxidativo
(KALTHOFF et al., 2010). A presenca de polimorfismos nestes genes pode modificar
esta atividade, o que no caso dos agrotoxicos poderia impactar na formagao de
compostos com potencial carcinogénico que influenciam diretamente na
suscetibilidade e/ou prognéstico do cancer (MARUO et al., 2005; SHEN et al., 2019;
WANG et al., 2018).

Pouco se sabe sobre a relagao entre a exposicado humana a agrotoxicos e os
polimorfismos nos genes UGT, especialmente no CM. Por esse motivo, neste trabalho
investigamos o impacto da exposicdo ocupacional aos agrotoxicos no perfil de

estresse oxidativo sistémico de mulheres com CM e portadoras do polimorfismo de


https://www.zotero.org/google-docs/?isoKgt
https://www.zotero.org/google-docs/?isoKgt
https://www.zotero.org/google-docs/?gDpCNn
https://www.zotero.org/google-docs/?gDpCNn
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nucleotideo unico rs7438135 presente na regido promotora do gene UGT2B7 (G>A),

e seu significado clinico.

2 FUNDAMENTAGAO TEORICA

2.1 EPIDEMIOLOGIA DO CANCER DE MAMA E FATORES DE RISCO
ASSOCIADOS

O CM é a neoplasia maligna mais comum em mulheres no mundo. Segundo o
Global Cancer Observatory, o numero estimado de novos casos em 2020 foi de
2.261.419, comparado a ambos os sexos e em todas as idades, ultrapassando o
numero de casos de cancer de pulméo (Figura 1, GLOBOCAN, 2023). Desses casos,
684.996 resultaram em mortes, correspondendo a causa mais frequente de ébito por
cancer em mulheres (SUNG et al., 2021). No Brasil, a estimativa total para os anos
2023-2025 é de 73.610 casos, com 66,54 casos para cada 100 mil mulheres (INCA,
2022).

Mama
_2.261.419 (11.7%)

Outros Canceres
8.879.843 (46%)

Pulmao
2.206.771 (11.4%)

Coloretal
1.931.590 (10%)

Prostata
1.414.259 (7.3%)

Estomago
Colo do utero Figado 1.089.103 (5.6%)
604.127 (3.1%) 905.677 (4.7%)

Figura 1: Numero estimado de novos casos de cancer em 2020, no mundo, para ambos os sexos e
todas as idades. Fonte: GLOBOCAN, 2023.

Segundo as Diretrizes Diagnosticas e Terapéuticas do CM do Ministério da
Saude (Portaria 05/2019), os principais fatores de risco para o cancer de mama sao a

idade avangada, as caracteristicas reprodutivas e de risco hormonal, a histéria familiar


https://www.zotero.org/google-docs/?hPIdXb
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e pessoal, o estilo de vida e obesidade, além de influéncias ambientais (Ministério da
Saude, 2019).

O CM é fortemente associado a fatores ligados ao sistema reprodutor feminino.
Os ovarios, por exemplo, sintetizam hormdnios esteroides, como o estradiol e a
progesterona, entre o periodo da menarca e a menopausa, 0s quais afetam o
desenvolvimento e a fungdo das mamas (COLLABORATIVE GROUP ON
HORMONAL FACTORS IN BREAST CANCER, 2012). O estrogeno, ao se ligar aos
seus receptores, leva ao crescimento e proliferagdo celular (STAREK-
SWIECHOWICZ; BUDZISZEWSKA; STAREK, 2021) e ao ser metabolizado pela
enzima familia citocromo P450 Subfamilia A membro (CYP1A1) o produto de seu
metabolismo, 2-OH-catecol, pode gerar danos ao material genético, por meio da
formacgao de aductos estaveis de acido desoxirribonucleico (DNA). Semelhantemente,
€ observado a geracao do 4-OH-catecol, por meio da enzima CYP1B1 (familia
Citocromo P450 Subfamilia B membro 1); esse metabdlito ao se ligar a adenina e
guanina forma aductos instaveis de DNA que, posteriormente, sofrem depuragdo o
que possibilita mutagcdes de ponto, além desse metabdlito passar por ciclagem redox
e levar a formacgao de radicais livres ocasionando danos ao DNA. Essas alteragbes
provocadas pelo estrogénio ao material genético sdo fundamentais para a iniciagao
da carcinogénese (SANTEN, 2014).

Somente a progesterona n&o pode ocasionar o crescimento das células
mamarias, € necessario a presenga do estrogénio (TRABERT et al., 2019). Seu papel
ainda nao esta completamente elucidado, mas sabe-se que no tecido mamario sua
presenca induz a proliferagao celular e possui efeito carcinogénico, diferindo de outros
tecidos, o que pode ser explicado pelas suas interagcdes paracrinas e a expressao de
receptores de progesterona (PR) no estroma e epitélio da mama (KIM et al., 2013).

Devido aos horménios sexuais possuirem um papel direto na patogénese desse
tipo de tumor, observa-se um aumento do risco quando a mulher apresenta menarca
precoce, menopausa tardia, nuliparidade e o uso de terapia hormonal pés menopausa.
Entretanto, percebe-se uma reducéo do risco em situacdes de alta paridade e lactacao
(ANDERSON; SCHWAB; MARTINEZ, 2014).

O risco de desenvolvimento do CM é duas vezes maior quando ha histérico
familiar de pelo menos um parente de primeiro grau que teve a doenca.
Aproximadamente 5 a 10% dos casos de CM estéo relacionados a histérico familiar

da doenca, sendo mutagdes herdadas de forma autossémica dominante (COUGHLIN,
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2019). Mutacbes em genes de alta penetrancia, como as do gene Cancer de Mama
tipo 1 e 2 (BRCA1/2), Caderina 1 (CDH1), Parceiro e Localizador de BRCA2 (PALB2),
Fosfatase e Homologo de Tensina (PTEN), Serina/Treonina Kinase (STK117), Proteina
Tumoral P53 (TP53), assim como os de penetrancia intermediaria, como Ataxia
Telangectasia Mutante (ATM), Associado ao Anel de Dominio 1 (BARD1), Ponto de
verificagcdo quinase 2 (CHEK2), BRCA 1 Integrador Helicase 1(BRIP1), FA
Complementacéo Grupo D2 (FANCD2), RAD51 Paralégo C (RAD51C), ja os genes e
loci de baixa penetrancia estdo associados principalmente a polimorfismos. As
mutagdes mencionadas anteriormente estdo relacionadas a aproximadamente 20-
25% ao risco de desenvolvimento do CM (“Genetics of Breast and Gynecologic
Cancers- National Cancer Institute”, 2022; ZAVALA et al. 2019).

Em relacédo ao estilo de vida, sabe-se que a pratica de atividade fisica e uma
dieta pobre em gorduras ou mesmo vegetariana, contribui para a diminuicdo das
concentragdes circulantes de hormdnios esterdides. O exercicio também pode reduzir
a inflamacgao cronica e o desequilibrio no estado redox, fatores-chave na patogénese
desse tumor (STAREK-SWIECHOWICZ; BUDZISZEWSKA; STAREK, 2021). O alto
consumo de alcool pode elevar as concentragbes sanguineas do estrogénio, bem
como ativar seus receptores. A dieta rica em gordura e o tabagismo, principalmente
desde a juventude, também sao fatores que aumentam o risco para o
desenvolvimento deste cancer (SUN et al., 2017).

Fatores ambientais também estéo relacionados ao desenvolvimento da doenca
podendo ser citados a exposicdo a substancias quimicas como organoclorados,
metais e radiacdo ionizante. Organoclorados, como o0s agrotoxicos, por serem
lipofilicos e resistentes a biotranformagao podem se bioacumlar em diversos tecidos
adiposos como a mama, nesse local sdo capazes de atuar como o estrégenio e por
esse motivo estdo associados com o cancer de mama (STRUMYLAITE;
MECHONOSINA; TAMASAUSKAS, 2010).

Assim, cerca de 90% das mutagdes genéticas sdo decorrentes de exposigdes
ambientais e estilo de vida. Quando esses fatores coexistem, eleva-se o risco do
surgimento do CM (KOLAK et al., 2017). Desta forma, é fundamental entendermos o
papel das exposicoes ambientais como fatores desencadeantes ou agravantes neste

cancer.
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2.2 EXPOSIGAO AOS AGROTOXICOS E CARCINOGENESE

Os agrotoéxicos sao produtos desenvolvidos com o intuito de eliminar e controlar
diversos tipos de pragas causadoras de doengas em plantas, sendo empregados em
atividades agricolas relacionadas ao setor de produgao (PERES, MOREIRA, DUBOIS
2003). Sao categorizados de acordo com sua composicado quimica como
organoclorados, organofosforados, carbamatos, piretroides, neonicotinoides e
fenilpirazoles (WHO, 1996; BITENCOURT DE MORAIS VALENTIM et al., 2023).
Todos os agrotoxicos detém algum grau de toxicidade e, consequentemente, podem
oferecer riscos a saude humana e ao ambiente por serem usados de forma extensiva
e sem medidas de seguranca (PANIS et al., 2022a).

O Brasil, cuja a economia é baseada na agricultura, € um dos maiores
consumidores de agrotoxicos do mundo e possui um controle bastante permissivo
quanto ao uso dessas substancias. Apesar do predominio atual dos herbicidas
glifosato, atrazina e 2,4D, existe ampla contaminagdo por outros agrotoxicos que
foram usados no passado, como o diclorodifenildicloroetano (DDE) e o
diclorodifeniltricloroetano (DDT), que apresentam elevada persisténcia ambiental
(PANIS et al.,, 2022b). Portanto, sua populacdo pode ser exposta de diversas
maneiras, atraves de atividades ocupacionais, durante a produgao e aplicagao destes
insumos, e também por intermédio da contaminagao de alimentos e agua, o que torna
a exposigcao aos agrotéxicos um problema de saude publica no pais (BLAIR et al.,
2015; PANIS et al., 2022a; PANIS; PESSOA CANDIOTTO; GABOARDI, 2022).

A maior parte destes ativos utilizados no Brasil (cerca de 80%) tem seu uso
proibido em varios paises que compdem a Organizagdo para Cooperagcdo e
Desenvolvimento Econémico (OECD) da Comunidade Europeia, india e China. Uma
analise realizada pela International Agency for Research on Cancer (IARC) mostrou
que pelo menos 15 substancias, como o glifosato, 2,4-D, malation, diazinon e
clorotalonil, que s&o autorizados para uso no pais, possuem algum potencial
carcinogénico. Lavouras transgénicas sdo comuns no pais, e tém como
caracteristicas serem resistentes a herbicidas como o glifosato, 2,4-D e dicamba,
sendo necessaria a aplicacdo de elevadas quantidades para atingirem o efeito
desejado (FRIEDRICH et al., 2021), o que aumenta consideravelmente o risco de

contaminagao das populagdes expostas a estas substancias e o desenvolvimento de


https://www.zotero.org/google-docs/?Q5Jnn9
https://www.zotero.org/google-docs/?0nDrT2
https://www.zotero.org/google-docs/?7UvDT6
https://www.zotero.org/google-docs/?7UvDT6
https://www.zotero.org/google-docs/?XyzW3R
https://www.zotero.org/google-docs/?UM2gdZ

18

doencas diversas, incluindo o cancer. Por conta disso, os agrotdxicos tem sido foco
de diversos estudos para elucidagédo dos mecanismos relacionados.

O desenvolvimento inicial do CM envolve modificagcbes genéticas e
epigenéticas. A progressdo tumoral € consequéncia do acumulo de mudangas
genéticas adicionais garantindo uma vantagem no processo de selecdo quando
combinadas com a expanséao clonal (ROSSI L; MAZZARA C; PAGANI O, 2019). Os
agrotoxicos sdo associados ao desenvolvimento do cancer por promoverem estas
alteragdes, incluindo a geragédo de estresse oxidativo, acumulo de danos ao DNA e
alteragbes epigenéticas.

Mutagdes génicas sao de trés tipos substituigcdo, delecdo ou adigao de base.
Enquanto que alteragbes cromossdémicas compreendem mudangas numericas
(aneuploidias, euplodias) ou estruturais em que ha alteragdo no numero de genes
(delecbes, duplicagbes, cromossomo em anel e isocromossomos) e aquelas que
modificam a localizagdo do gene (translocacgdes e inversdes). Essas mutagdes sao
capazes de afetar a expressdo de um gene ou mesmo de seu produto final, e por esse
motivo podem estar associadas a origem tumoral (GRIFFITHS, 2012).

Em relacdo aos oncogenes essas mutagdes sdo de ganho de funcdo e
dominantes, por isso a presenga de apenas um alelo mutado contribui para a
tumorgénese. Ja no caso de genes supressores tumorais ha perda de fungao, trata-
se de mutagbes recessivas, sendo assim € preciso que os dois alelos estejam
mutados para colaborar com a patologia. As mutagdées também interferem em genes
que codificam enzimas de reparo do DNA, como aqueles que estdao envolvidos no
reparo por excisdo de nucleotideos, reparo por excisdo de base, reparo de
incompatibilidade, reparo recombinacional e segregagdo cromosdmica (GRIFFITHS,
2012; LEREBOURS; LIDEREAU, 2002; SIEBER; HEINIMANN; TOMLINSON, 2003).

Oncogenes sao os responsaveis pelo controle da proliferagao celular, atuando
positivamente sobre o ciclo celular, sendo alguns deles receptores de fatores de
crescimento, proteinas de transdugado de sinal e reguladores transcricionais. Ja os
supressores tumorais sao aqueles que protegem a integridade do genoma impedindo
0 avancgo no ciclo celular além de atuarem ativando a apoptose em caso de
danificacado celular quando ocorrem erros ou mutagdes, e inibem a metastase, nas
células tumorais sédo praticamente nao expressos ou inibidos (GRIFFITHS 2012;
VAKONAKI et al.,, 2013). Alguns dos genes envolvidos no crescimento celular e

proliferacdo sao: Kirsten ras oncogene homolog (KRAS), N-ras oncogene (NRAS),
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Hras proto-oncogene, GTPase (HRAS), B-Raf Proto-Oncogene, Serine/Treonina
Quinase (BRAF), Fator de crescimento semelhante a Insulina- AKT Serina/Treonina
Quinase (IGF-AKT), Fosfatase e homologa a Tensina (PTEN), Fosfatidilinositol-4,5-
Bifosfatase 3-Quinase Catalitica subunidade alfa (PIK3CA), APC Regulador da Via de
Sinalizagdo WNT (APC), B-Catenina, Fator de Transformacgéo Beta (TGF-8), Familia
SMAD Membro 4 (SMAD4), assim como genes de controle de ciclo celular como:
Proteina Tumor P16 (TP16), RB Transcrigdo Corepressor 1 (RB7) e também aqueles
envolvidos na resposta ao estresse e apoptose, como o Tumor proteina P53 (TP53)
(YEANG; MCCORMICK; LEVINE, 2008; SHEIKH et al., 2015).

Os mecanismos epigenéticos sao responsaveis por permitir ou reprimir a
expressdo de genes, por meio da conformagdo da cromatina mais aberta ou
condensada, respectivamente, possibilitando a sintese de proteinas. Atuam sobre as
proteinas que estdo envolvidas na supressao tumoral ou mesmo silenciando outros
genes participantes da tumorigénese e metastase de tumores (HAZRA et al., 2021).

As modificagdes epigenéticas, principalmente a metilagdo do DNA, por meio da
hipermetilagdo de genes supressores tumorais ou hipometilagdo de oncogenes, bem
como alteragdes de histonas, modificacbes na expressao de micro-RNA (mi-RNA),
dentre outros mecanismos ndo completamente elucidados estdo sendo associados a
patogénese dos tumores de mama (WU; CHU, 2021). A hipometilagdo do DNA
contribui para a progressao tumoral por meio i) da geragcdo de instabilidade
cromossOmica, ii) reativacdo de elementos transponiveis, iii) da perda de imprinting,
iv) f do favorecimento da recombinagao mitética, v) de delegdes e translocacodes e vi)
de rearranjos cromossémicos (ESTELLER, 2008).

Assim, a partir da carcinogénese mamaria, os tumores de mama podem
originar carcinomas in situ, ductais ou lobulares, que podem se tornar invasivos
quando as células malignas se desligam da membrana basal e invadem o estroma
(KENEMANS; VERSTRAETEN; VERHEIJEN, 2004). A metastase ¢é influenciada pelo
microambiente tumoral, mutagdes genéticas e mecanismos epigenéticos, que se
caracterizam pela realocagao das células tumorais de onde foram originadas para um
segundo local devido a perda de adesao, migragao e invasao (FROST et al., 2012).

A exposicao a poluentes quimicos ambientais esta diretamente envolvida no
aumento da suscetibilidade ao desenvolvimento do cancer por atuar potencialmente
em todas as etapas da carcinogénese. Devido as suas caracteristicas lipofilicas,

alguns pesticidas podem se acumular no tecido adiposo, ligar-se aos receptores de
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estrogénio e modificar o sinal desencadeado por esse hormdnio na mama (ROCHA et
al., 2021). Estudos in vitro e in vivo mostram que os agrotdxicos podem atuar como
desreguladores enddcrinos devido as suas propriedades estrogénicas, ocasionando
disturbios na sinalizagéo celular, alteragbes epigenéticas, mudangas conformacionais
em proteinas e conformagcdo do DNA, instabilidade genética, amplificacdo da
expressdo de oncogenes, reducdo da supressao tumoral, modificagcdes no ciclo
celular e interferéncia na morte celular (KASS; GOMEZ; ALTAMIRANO, 2020;
LANDAU-OSSONDO et al., 2009; WAN; CO; EL-NEZAMI, 2022). Por esse motivo,
podem elevar o risco do surgimento do CM.

Alguns agrotoxicos como o DDE aumentam a suscetibilidade ao cancer de
acordo com a dose exposta, podendo resultar no aumento de tamanho tumoral e
comprometimento linfonodal, além de altas concentragbes sanguineas estarem
associados a pior sobrevida (KOUAL et al.,, 2020). Em um estudo realizado por
Robison e colaboradores (1985), verificou-se que o DDT, inseticida amplamente
utilizado durante e apds o periodo da segunda guerra mundial, ocasiona crescimento
de tumores mamarios estrégeno-positivos de maneira dose-dependente. O mesmo
efeito foi observado em um estudo in vitro realizado em células obtidas de
adenocarcinomas mamarios de ratos Wistar (ROBISON; SIRBASKU; STANCEL,
1985).

O DDT, como demonstrado na analise de Kang e colaboradores (1996),
observaram que esse agrotdéxico também pode contribuir de forma indireta para a
promogao tumoral, pois inibe a juncao do tipo Gap (de comunicagao intercelular)
(KANG et al., 1996). Sua acao sobre a juncao Gap é importante para a transicao do
tecido normal para o neoplasico, pois a inibicdo das juncdes celulares favorece o
escape do controle de crescimento celular (ZEFFERINO et al., 2019).

Shen e colaboradores demonstraram ainda que o DDT favorece a proliferagao
celular em linhagens mamarias nao-tumorais, induzindo a tumorigénese por meio da
fosforilagao elevada dos receptores tirosina quinase c-erB2 (ERBB2), envolvidos na
progressédo do ciclo celular, rearranjo do citoequeleto, diferenciagdo celular e
apoptose. Também atua fosforilando Proteina Tirosina Quinase Met (c-MET),
participam do crescimento celular, motilidade, diferenciagdo e metabolismo (DU,
LOVY, 2018). Possibilita a fosforilagdo do Sinal Transdutor e Ativador de Transcrigao
(STAT1a), possibilitando a proliferagao celular, inibicdo da apoptose e resisténcia a

quimioterapia (LI et al., 2023). Ocasiona aumento da interagdo da proteina Fator de
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Crescimento Receptor ligado a Proteina 2 (GRB2) e Ras/RAc Nucleotideo Guanina
de Troca Fator 1 (SOS1), que por sua vez favorecem a proliferacdo e mitogénese
celular (YU et al., 2017). Além da ampliacdo da fosforilagdo da proteina quinase
ativada por mitdégeno, também responsavel por regular proliferagédo, diferenciacéo e
morte celular (MORRISON, 2012; SHEN; NOVAK, 1997).

O glifosato, por sua vez, atua através de mecanismos epigenéticos reversiveis,
principalmente provocando metilagdo do DNA, modificagdo de histonas e aumentando
a expressao de micro-RNAs 182-5p, implicando no desenvolvimento do cancer de
mama. Micro-RNAs sdo pequenos RNAs nao codificantes responsaveis pela
regulacdo enddgena da expressao genica poés-transcricional, influénciam o ciclo
células, diferenciagao, proliferacao e apoptose (BUKOWSKA et al., 2022). No estudo
de Gomez e colaboradores (2018) verificou-se que a administragcédo de glifosato em
ratos machos altera o desenvolvimento da glandula mamaria e ocasiona
hipermetilacdo de promotores do receptor de estrégeno alfa (ER1), reduzindo sua
expressao (GOMEZ et al., 2019). CM ER1 negativos possuem grau histologico mais
baixo e maior proliferacdo celular ao serem comparados com CM ER1 positivo
(AOUAD et al., 2022).

Ja a atrazina foi associada a supressao do sistema imune no ambiente tumoral
em linhagens de carcinoma mamario, além de afetar a proliferagcao, tamanho tumoral
e expressao elevada da Matriz Metalopeptidase 2 (MMP2), Matriz Metalopeptidase 7
(MMP7) e Matriz Metalopeptidase 9 (MMP9), enzimas responsaveis pela degradagao
de proteinas presente na matriz extracelular (MEC) facilitando a invasao tumoral como
também afetando o comportamento da célula tumoral conduzindo a progressao
(WANG et. Al., 2023).

O herbicida 2,4-D esta associado a suscetibilidade ao linfoma ndo-Hodgkin,
cancer de pulmao e cancer de mama. A exposi¢cao a esse herbicida diminui os niveis
de linfécitos T totais e células T helper, importantes na defesa nos primeiros estagios
do cancer, além de induzir estresse oxidativo (LOOMIS et al., 2015). Esse agrotoxico
pode atuar como deseregulador no ciclo reprodutivo horménio dependentes em ratas
(GANDHI; SNEDEKER, 1998). No estudo de Badawi e colaboradores (2000) no qual
foi analisado o efeito de hidrocarbonetos clorados, dentre eles o 2,4 D, em ratos
Sprague-Dawley fémeas, verificou-se indugéo da transcricdo de genes envolvidos no
metabolismo do estrégeno, principalmente do gene CYP1B1, além de elevar a sintese

do 4-catecol estrogeno, o qual reage com DNA e leva a formagao de adductos
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estaveis. Esses adductos quando nao reperados por enzimas estdo relacionados a
diversas mutagdes de oncogenes, como nos genes K-ras e H-ras, regulam a
proliferagdo, apoptose, metabolismo e angiogénese e gene supressor tumoral p53 e
por esse motivo estdo envolvidos na iniciagdo do cancer (BADAWI; CAVALIERI,
ROGAN, 2000; CHEN et al., 2019).

2.3 METABOLISMO DE XENOBIOTICOS E ENZIMAS ASSOCIADAS

Para tornar possivel a eliminagdo de xenobidticos no organismo por meio da
urina ou bile, faz-se necessario o processo de metabolizagdo, no qual as moléculas
lipofilicas tornam-se hidrofilicas por intermédio de reagcdes enzimaticas. As reacdes
metabdlicas sao imprescindiveis, pois a natureza lipofilica de xenobidticos presentes
por um longo periodo no organismo humano pode ser toxica. Algumas drogas,
entretanto, devem passar pela bioativagao por meio da metabolizagao, para s6 entao
agir em seus alvos, influenciando, portanto, a eficacia do tratamento escolhido
(ALMAZROO; MIAH; VENKATARAMANAN, 2017; SONG et al., 2021; ZHAO et al.,
2021). A biotransformacao enzimatica de xenobidticos € uma forma de protecao
contra ao seu potencial téxico ao DNA, e os danos ao material genético ocasionados
por exposicao a sua agao, ao escaparem do sistema de reparo leva a mutacdes
irreversiveis contribuindo para o desenvolvimento de tumores e progressao do cancer
(HATAGIMA, 2002).

Esse processo € dividido em duas fases, sendo catalisado por distintas familias
enzimaticas. Na fase | ocorrem as seguintes reacdes: oxidagao, redugao e hidrodlise,
enquanto que a fase Il € responsavel pela conjugagdo de compostos polares no
produto proveniente da primeira fase (WILKINSON, 2005) (Figura 2).
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Figura 2: Vias gerais do metabolismo de drogas e sua relagao direta com o cancer. A via de
detoxificagao transforma moléculas lipofilicas em hidrofilicas para excre¢ao por meio de
reagdées enzimaticas, podendo também gerar metabdlitos reativos toxicos. Desenvolvido com
Biorender.com. AC: acetilagao; ALDH: Aldeido Desidrogenase; AKR: Aldo-ceto redutase; AS3MT:
arsenito metiltransferase; COMT: Catechol O-Metiltransferase; CYPs: citocromo P450; CYP1:
Citocromo P450 familia 1; CYP2: Citocromo P450 familia 2; CYP3: Citocromo P450 familia 3; CYP19:
Citocromo P450 familia 19 ME: metilagdo; EPHX1: Epdxido Hidrolase 1; Ga: acido glucurdnico; GSH:
glutationa; SU: sulfatagéo; GSTP: Glutationa S-Transferase Pi; GSTM: Glutationa S-Transferase Mu;
GSTT: Glutationa S-Transferase Theta; GSTA: Glutationa S-Transferase Alfa; GSTO: Glutationa S-
Transferase Omega; GSTZ: Glutationa S-Transferase Zeta; MTHR: Metilenotetrahidrofolato Redutase;
MTR: 5-metiltetrahidrofolato-homocisteina metiltransferase; NQO: NAD(P)H Quinona Desidrogenase;

NAT: N-acetiltransferase PON1: Paraoxonase 1; POR: Citocromo P450 oxidoredutase; SULT:
Sulfotransferase; UGT: Glucuronosiltransferase. Fonte: O préprio autor

A entrada de agrotéxicos no organismo humano ocorre principalmente através
da inalacdo, contato com a pele ou absorcdo oral. Estas substincias sao
caracterizadas pelo seu baixo peso molecular e lipossolubilidade, favorecendo sua
absorcao pelo organismo (HUSSEIN et al., 2018). Algumas substancias como os
organoclorados podem bioacumular no organismo devido a sua capacidade lenta de
degradabilidade e lipofilicidade. Consequentemente, eles podem ser detectados no
tecido adiposo humano, sangue e leite materno (MEKONNEN; SIRAJ; NEGASH,
2021).

Os xenobidticos, como o0s agrotoxicos, passam por um processo de
detoxificagao por meio da agéo das enzimas metabolizadoras de fase | e Il, para entao
serem eliminados. Neste processo, pode ocorrer a producao de espécies reativas de

oxigénio (ROS), como anion superéxido (O2°), radical hidroxila (OH), perdxido de
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hidrogénio (H202) e oxigénio singlete ('02). A alta producdo de ROS leva a
fragmentacao de acidos nucleicos, proteinas e lipideos, e por isso podem levar a
carcinogénese quando ha um desbalango com o sistema de defesa antioxidante (
KAUR; KAUR, 2018; THE MARIE-GENICA CONSORTIUM ON GENETIC
SUSCEPTIBILITY FOR MENOPAUSAL HORMONE THERAPY RELATED BREAST
CANCER RISK, 2010).

2.3.1 Enzimas de Fase |

As reacgdes de fase | sao realizadas em grande parte pela familia de enzimas
Citocromo P450 (CYP450), que se divide em trés subfamilias: Citocromo P450 Familia
1 (CYP1), Citocromo P450 Familia 2 (CYP2) e Citocromo P450 Familia 3 (CYP3),
(VENKATAKRISHNAN; VON MOLTKE; GREENBLATT, 2001). Essas enzimas sao
expressas principalmente no figado e intestino, locais onde ocorrem as primeiras
reacoes de metabolizacdo dos xenobidticos, e em menor quantidade nos tubulos
proximais renais, onde s&o encarregadas de adicionar grupos funcionais podendo ser
hidroxilas, carboxilas, aminas ou deletar grupos alquil ndo polares, alterando a
bioatividade e toxicidade do composto (DANG et al., 2020; SERPE et al., 2015; SONG
et al., 2021). Ao entrar no organismo, xenobidticos ativam diversos receptores
nucleares, como o receptor pregnano (PXR), receptor constitutivo de androstano
(CAR) e receptor hidrocarboneto arilico (AhR), os quais, por sua vez, regulam a
expressao dos genes da familia CYP (STIPP, ACCO, 2021).

Alguns fatores externos relacionados aos habitos de vida e exposicoes
ambientais, como género, idade, dieta, tabagismo, estados de doencgas e fatores
fisiopatoldgicos, bem como a variabilidade genética, podem interferir na expressao e
na atividade dessas enzimas. A presenca de polimorfismos genéticos nessas CYP
pode estar associada a perda de fungao, resultando na diminuicdo da eliminagao e
aumento da concentragcdo plasmatica da substéncia metabolizada, ou ganho de
funcao, levando ao aumento da formacao de compostos reativos e diminui¢gao da sua
concentracdo no plasma. Essas alteragdes implicam, por exemplo, em alteragcdes na
eficacia de medicamentos e na existéncia de reacdes adversas que, em sua maioria,
sdo decorrentes do baixo metabolismo (HASSANI IDRISSI et al., 2018; ZHAO et al.,
2021).
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As enzimas dessa familia também sao responsaveis pelo metabolismo de
diversos pré-carcindgenos. Os produtos desse metabolismo podem se ligar ao DNA e
formar aductos quimicos capazes de induzir mutagdes e iniciar a tumorigénese.
Inclusive, polimorfismos presentes nos genes codificadores das CYP 450 Familia 1
Subfamilia A numero 1 (CYP1A17), CYP450 Familia 1 Subfamilia A Numero 2
(CYP1A2) e CYP 450 Familia 2 Subfamilia E Numero 1 (CYP2E1), os quais sao
responsaveis pela biotransformacdo de quimicos e ativagdo de pré-carcinogenos,
estdo associados a suscetibilidade ao cancer (LI et al., 2019; STIPP; ACCO, 2020).

2.3.2 Enzimas de Fase Il e 0 Gene UGT2B7

As enzimas de fase |l sdo representadas pelas UDP-glucuronosil transferase
(UGTs), sulfotransferases (SULTs), glutationa transferases (GSTs), N-acetil
transferases (NATs), metiltransferases (TPMT) e as catechol O-metil transferases
(COMT). Elas transformam os produtos da primeira fase em compostos soluveis em
agua, por meio da adi¢cdo de grupos hidroxi alcodlicos ou fendlicos, e grupos aminos
(KAEFERSTIEN, 2009; KAUR et al., 2020).

As enzimas SULT realizam a adi¢cao nos sitios nucleofilicos de seus substratos
do grupo sulfo do cofator 5°-fosfoadenosina-3 -fosfosulfato (PAPS) (GLATT; MEINL,
2004). Por sua vez, as GST reduzem os sitios nucleofilicos, dos seus substratos,
sendo eles halogenonitrobenzenos, areno 6xidos, quinonas e carbonilas a, B-
insaturadas por meio da adicdo da glutationa (GSH) em compostos apolares que
possuem um carbono eletrofilico, nitrogénio ou atomo de enxofre (HAYES JD;
FLANAGAN JU; JOWSEY IR, 2005). As NATs se encontram no citosol e séo
encarregadas de transferir um grupo acetil da acetilcoenzima A para um substrato
xenobidticos (SIM; WALTERS; BOUKOUVALA, 2008), enquanto as TPMT se
encontram no citosol celular e catalisam a S-metilagao de drogas tiopurinas ou outros
compostos sulfidrilicos aromaticos e heterociclicos (FRANCA et al., 2021). Ja as
enzimas COMT dependem de magnésio para realizarem sua atividade de metilagao
do substrato catecol por meio do S-adenosil-L-metionina (SAM) como um doador de
metil a molécula de hidroxila presente em substratos catecol (FENG et al., 2019;
JANACOVA et al., 2023).

O processo de produgéo do glicuronideo, realizados pelas UGTs, é a etapa

mais importante da fase Il de metabolizacdo, pois muitos compostos tém a



26

glucuronidagao como unico processo de biotransformacao (ZHANG et al., 2019). As
UGTs sao divididas em quatro familias nomeadas UGT1, UGT2 (subfamilia 2A e 2B,
UGT3 e UGTS8). Essas enzimas estdo associadas a membrana do reticulo
endoplasmatico e realizam a ligacdo quimica entre o acido uridina 5’-difosfo-a-D-
glucurdnico (UDPGA) a um atomo nucleofilico podendo ser ele oxigénio, nitrogénio,
enxofre ou carbono, resultando em B-D-glucuronideos. O produto originado da reagéo
pode ser entdo eliminado com maior facilidade pela urina ou bile (IYANAGI, 2007;
JANCOVA; ANZENBACHER; ANZENBACHEROVA, 2010; YIANNAKOPOULOU,
2013). As enzimas UGT2B sao altamente expressas no figado, bem como em tecidos-
alvo de esteroides extra-hepaticos, como prostata e mama, e sdo responsaveis pela
maior parte da glucuronidagdo de esteroides em humanos (HARRINGTON;
SENGUPTA; KATZENELLENBOGEN, 2006).

Enzimas UGT2B7 realizam a glicuronidacdo de uma variedade de compostos
endogenos como hormonios esteroides, acidos retindicos e biliares e de drogas como
tamoxifeno, morfina, zidovudine, acido micofendlico e oxcarbazepina. O gene
UGT2B7, localizado no cromossomo 4, brago longo (q) na regido 1, na banda 3 sub
banda 2 (Figura 3), possui 6 exons e 5 introns, sendo seu comprimento de
aproximadamente 16 Kb, codificando 529 aminoacidos. (HE et al., 2018; MOU et al.,
2019).
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Figura 3: Localizagdo cromossémica do gene UGT2B7 (UDP Glucuronosyltransferase Family 2
Member B7). Fonte: (UGT2B7 Gene - GeneCards, 2023).
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Estudos tém associado a acdo da enzima UGT2B7 com a susceptibilidade ao
cancer de mama. Como o de Gestl e colaboradores (2002) apontaram que a atividade
da enzima UGT2B7, poderia ter um papel protetor do parénquima mamario, devido ao
seu baixo nivel de expressao no tecido tumoral quando comparado ao tecido normal
adjacente (SHEN et al., 2019).

A glucuronidacgao realiza a inativagéo de horménios sexuais sendo também um
dos processos responsaveis pelo metabolismo de espécies reativas, tornando-as mais

polares, facilitando sua excrecdo (AMBROSONE, 2000). Tanto os horménios sexuais
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quanto as espécies reativas podem participar da patogénese e progressao do CM. No
estudo de Li e colaboradores (2019) foi observada uma elevagao da expressao da
enzima UGT2B7 nos tumores receptores de estrogeno positivo (RE), quando
comparado com os tumores RE negativos. Indicando novamente um papel protetor na
progressao do cancer, pois tumores RE negativos apresentam uma redugdo da
sobrevida geral (LI et al., 2019).

Os polimorfismos sédo caracteristicas monogénicas herdadas estavelmente
encontradas em pelo menos dois gendtipos. Ocorrem como acasos mutacionais e
estdo presentes em uma frequéncia maior que 1% na populagdo (CROOM, 2012).
Caracterizam-se pela diferenga na sequéncia do DNA, podendo existir duas ou mais
formas variantes de um gene entre individuos, grupos ou popula¢des e compreendem
polimorfismos de nucleotideos unico (SNPs), repeticdes de sequéncia, insercoes,
delecdes e recombinagdes. Essas mutacbes podem ser em regides codificadoras de
proteinas ou nao codificadoras (DANIELS, 2009). Dentre os polimorfismos citados, os
SNPs acontecem a cada 1000 pares de bases no genoma e, por esse motivo, séo os
polimorfismos mais frequentes, geralmente identificados em regides flanqueadoras de
genes codificadores de proteinas (KARKI et al., 2015).

Polimorfismos sindnimos sdo aqueles que alelos diferentes produzem a mesma
proteina, sendo considerados neutros, nesse caso sao denominadas de mutacdes
silenciosas. Contudo, quando a troca altera o aminoacido final que constitui a proteina,
podendo influenciar na sua acao final, a mutacdo € denominada de missense. Ja a
mutagcdo nonsense produz uma proteina truncada prematuramente devido a
modificagdo gerar um codon de parada da traducao (ISMAIL; ESSAWI, 2012).

Polimorfismos em genes que codificam enzimas metabolizadoras de
xenobidticos, genes de reparo do DNA, genes envolvidos no ciclo celular, na apoptose
sdo essenciais para o aumento da suscetibilidade ao cancer (CLAPPER, 2000).

Polimorfismos em genes que codificam as UGTs podem comprometer seu
funcionamento, diminuindo a capacidade de glucuronidagédo de carcindbgenos e
moléculas promotoras do cancer, resultando em aumento da suscetibilidade a esta
doencga (HU et al., 2016).

O presente estudo analisou o polimorfismo rs7438135 (G>A), localizado no
cromossomo 4 na posi¢cao 70211269 (INNOCENTI et al., 2008). Trata-se de um SNP
no qual ocorre a troca de uma guanina por uma adenina (G>A) na regido promotora,

presente, portanto, antes da sequéncia codificadora da enzima, responsavel por iniciar
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o processo de transcri¢cdo. Foi verificado que a presencga do alelo mutante A resulta
em alta atividade da enzima UGT2B7 quando comparada ao alelo de referéncia G, o
qual diminui a agado da mesma (CILIAO et al., 2018; TIAN et al., 2012).

No estudo desenvolvido por Xie e colaboradores (2019) foi relacionado o
polimorfismo rs7438135 com a metabolizacdo de medicamentos opiodes no
tratamento para dores em pacientes com cancer. Observaram entdo que os pacientes
portadores do polimorfismo em questdo, devido a atividade elevada da enzima e
consequentemente aumento do metabolismo do opiode, possuiam maior tolerancia

ao efeito do medicamento (XIE et al., 2019).
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Figura 4: Localizagdao do polimorfismo rs7438135 no gene UGT2B7. A=adenina; bp= base pair;
C=citosina; D'= coeficiente de desequilibrio; G= guanina; K= Kilobases; r’= taxa de
recombinacao;T=timinaFonte: Hwang e colaboradores (2010)

2.4 ESTRESSE OXIDATIVO, CANCER DE MAMA E METABOLISMO DE
XENOBIOTICOS

2.4.1 Exposigao aos agrotoxicos, geragao de estresse oxidativo e cancer de mama

O estresse oxidativo € um fendmeno caracterizado pelo desequilibrio entre a
geracao de especies reativas e sua neutralizagao pelos sistemas antioxidantes, e que
tem consequencias bioldgicas e implicagdes na patogénese de diversas doencgas,
incluindo o cancer (HALLIWELL, 2022).

Os agrotoxicos podem gerar estresse oxidativo por vias diretas ou indiretas,
induzindo a produgao de espécies reativas mitocondriais, oxidagao de residuos de tiol,
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elevagao da lipoperoxidacdo plasmatica e diminuicdo das defesas antioxidantes
(MOSTAFALOU; ABDOLLAHI, 2013; PIZZORNO, 2015).

O metabolismo de agrotdxicos gera espécies reativas de oxigénio (EROs)
como o anion superoxido (*Oz27), perdxido de hidrogénio (H202) e radical hidroxil (OH*).
A reacdo dessas espécies reativas com lipideos poliinsaturados desencadeia o
processo de lipoperoxidacao lipidica, ocasionando danos as membranas e lipideos
celulares. As espécies reativas originadas podem, por sua vez, interagir com
constituintes celulares, gerando radicais livres secundarios e terciarios que propagam
seus efeitos deletérios (BANERJEE; SETH; AHMED, 2001).

Os agrotoxicos podem alterar, dependendo do tempo e da dose, a expressao
das defesas antioxidantes como as enzimas catalase, superéxido dismutase,
glutationa peroxidase, glutationa redutase e paraoxonase (CURL et al., 2020; WAFA
et al., 2013). Por este mecanismo, os agrotdéxicos aumentam a apoptose atuando
sobre os niveis de proteina PARP-1, enzima que realiza a transferéncia de unidades
de Adenosina disfofato (ADP)-ribose do Dinucleotido de nicotinamida e adenina
(NAD+) para proteinas envolvidas no estresse oxidativo, e modulando o mRNA do
gene TP53. Podem ainda influenciar a expressdo dos genes Fator Respiratorio
Nuclear 2 (NRF-2), diminuindo sua expressao, Cicloxigenase 2 (COX-2), envolvida na
inflamacao e crescimento neoplasico e o fator nuclear Kappa B (NF Kappa B), o qual
tem papel sobre a inflamacao, diferenciacdo e crescimento celular, e induz a
expressao do 6xido nitrico (RAVULA; YENUGU, 2021).

Neste contexto, o metabolismo de xenobidticos apresenta papel fundamental
tanto na geragcdo como na neutralizagdo do estresse oxidativo, dependendo do
sistema detoxificador ativado. Para geracao de estresse oxidativo, ao entrarem no
organismo, 0s xenobidticos sdo processados pelas enzimas de fase |, como a
CYP450, juntamente com a enzima fosfato de dinucleotideo de nicotinamida-adenina
(NADPH-CYP redutase), sofrendo oxidagao, redugao ou quebra enzimatica, tornando-
se viaveis para a excregao do organismo. Ao serem oxidados, ha geracao de ions de
hidroxila altamente reativos e outras espécies reativas que podem interagir com
lipideos, proteinas e DNA. Ocorre também a sintese de intermediarios metabdlicos
provenientes da fase | e que devem passar pela fase Il para a detoxificacao
(STEHBENS, 2003).

Em relagdo a defesa antioxidante, uma das vias desencadeadas pela geragao

de estresse oxidativo durante o metabolismo de xenobidticos é a via do fator 2
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relacionado ao fator nuclear eritréide 2 (NRF2), da Kelch like Enoyl Coenzima A
Hidratase (ECH) associada a proteina 1 (KEAP 1) e da transcri¢ao dos elementos de
resposta antioxidante (AREs). Nesta via, a alteragdo dos residuos de cisteinas do
KEAP1 pelo excesso de espécies reativas promove a repressado da ubiquitinagao e
consequente acumulo do NRF2 no citosol, que posteriormente migra para o nucleo
onde se liga a proteina Fibrosarcoma Musculoaponeurética (MAF) e promove a
ativacdo da transcricdo dos AREs (JIANG et al., 2015).

O estresse oxidativo desempenha um importante papel no desenvolvimento do
CM pois é capaz de induzir modificagdes genéticas e epigenéticas, danos diretos ao
DNA pela acédo de EROs e espécies reativas de nitrogénio (ERNs) e induzir disfungao
hormonal ou enzimatica (MIAO et al., 2021). Dentre as alteragbes ocasionadas pelo
estresse oxidativo no DNA, destaca-se a ativagao aberrante de fatores de transcrigao,
mutagcdes de ponto, delegdes, insergdes, translocagcdes cromossdmicas que podem
induzir oncogenes e inativar genes supressores tumorais (KLAUNIG, 2019).
Conserva-se, desse modo, a instabilidade gendmica presente em células tumorais,
possibilitando a sobrevida da célula e determinando grande parte das suas
caracteristicas morfofuncionais diferenciadas em relagdo as células nao-tumorais
(PANIS et al, 2015). AS EROs desempenham um importante papel nos estagios
iniciais da carcinogénese mamaria (HECHT et al., 2016), onde detecta-se elevados
niveis de 8-hidroxi-2’-deoxiguanosina (8-OHdG), importante biomarcador utilizado
para analisar danos oxidativos ao DNA (GURER-ORHAN et al., 2018).

Diversas vias de sinalizagdo sdo moduladas pela produc¢ao de EROs, incluindo
a via das proteinas quinases ativadas por mitégenos (MAPKs). Como consequéncia,
diferentes processos celulares sao afetados, como a proliferagado e diferenciagao
celular, crescimento, apoptose e senescéncia, metastase e resposta a quimioterapia
e radioterapia (NOURAZARIAN; KANGARI; SALMANINEJAD, 2014). Sua producéao
também acarreta na inativagdo da proteina tirosina fosfatase (PTP), fosfatase
homodloga a tensina (PTEN), favorece a sinalizagéo Fosfoinositideo 3-quinase (PI3K)
e receptor tirosina quinase (TKR), necessarias para a progressao tumoral (ZHAO et
al.,, 2017). Desta forma, a geracao de estresse oxidativo ocorrida durante o
metabolismo dos agrotdxicos apresenta potencial para fortalecer a progressao tumoral
através da manutencdo da instabilidade genbémica e da inflamagdo crénica
(MENCALHA et al., 2014).
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O papel de sistemas antioxidantes como as enzimas codificadas pelos genes
UGT no contexto das exposigcdes ambientais ainda nao esta bem definido,
especialmente em doengas humanas como o cancer de mama. Assim, tendo em vista
a importancia dos agrotéxicos no contexto da exposigdao ocupacional, neste trabalho
investigamos seu impacto na geragao de estresse oxidativo sistémico em mulheres
com CM portadoras ou ndo do polimorfismo rs7438135 no gene UGT2B7 e suas

implicagdes clinicas.

3 OBJETIVOS

3.1 Objetivo Geral
Verificar o impacto da exposicdo aos agrotdéxicos e da presenga do
polimorfismo rs7438135 no gene UGT2B7 na geracao de estresse oxidativo e perfil

clinicopatolégico em mulheres com CM

3.2 Objetivos Especificos

- Analisar a frequéncia da variante polimoérfica no gene UGT2B7 e as frequéncias
genotipicas em pacientes com CM expostas e ndo expostas ocupacionalmente a
agrotoxicos;

- Quantificar os niveis de estresse oxidativo sistémicos nestas mulheres através
da medida biomarcadores perfil de lipoperoxidacdo plasmatica, capacidade
antioxidante total (TRAP) e dosagem de metabdlitos do éxido nitrico (NOXx);

- Relacionar a exposi¢do ocupacional aos agrotoxicos com a presenga e a
auséncia do polimorfismo rs7438135 do gene UGT2B7, medidas de estresse oxidativo

e parametros clinicopatoldgicos desta populagao.
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4 PRODUGAO CIENTIFICA

Pesticide exposure and oxidative stress generation are linked to poor prognosis
outcomes in breast cancer women carrying the allelic variant rs7438135 in the
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Abstract

In regions with an economy based on family agriculture and agribusiness, women are
occupationally exposed to pesticides, which pose a risk factor for long-term disease
development, such as breast cancer (BC). The detoxification of pesticides includes the
UDP-glucuronosyltransferase family (UGTs), composed of a group of enzymes that
participate in the phase Il reactions of elimination. The rs7838135 (G>A) variant in the
UGT2B7 gene increases its glucuronidation potential and acts as an antioxidant
system due to oxidative stress metabolites neutralization. In the present study, we
investigated the impact of occupational pesticide exposure on the systemic oxidative
stress generation from 228 women with breast cancer, being that these 185 carrying
the mutant allele A in the UGT2B7 gene (AA+AG). Real-time quantitative polymerase
chain reaction investigated the presence of the rs7838135 variant; oxidative stress
markers (lipid peroxidation levels, total antioxidant capacity — TRAP, and nitric oxide
metabolites — NOx) were measured in plasma. Pesticide exposure induced significant
augment in the systemic lipid peroxidation in the presence of the variant (AA+AG) for
several clinicopathological conditions, including tumors with high proliferation index
(ki67) and with high aggressiveness as triple-negative and Luminal B subtypes. NOx
was augmented in high ki67, positive progesterone receptors, high-grade and triple-
negative/Luminal B tumors, and low-risk stratified patients. TRAP was depleted in
young patients at menopause and those with triple-negative/Luminal B tumors, as well
as those stratified as at low risk for death and recurrence. These findings showed that
the presence of the variant rs7838135 in the UGT2B7 gene was not able to protect
from pesticide-induced oxidative stress generation in BC patients, indicating a possible
suppression of the activity of UGT2B7 enzymes that could potentially contribute to
tumor progression.

Keywords: occupationally exposed; single nucleotide variant (SNV); cancer;
detoxification; stress biomarkers; metabolism.
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1 Introduction

Breast cancer is the most common cancer in women worldwide and the leading
cause of death among the female population®. It is a multifactorial disease resulting
from both genetic and non-genetic risk factors. Aging, weight increase, and nulliparity
are among the main behavioral known risk factors. At the same time, food habits,
hormone intake, and environmental exposures compose the most common external
events that predispose to breast cancer 2.

There is a significant concern regarding pesticide exposure and breast cancer
risk, especially in occupationally exposed women 34%6_ In the southwest region of
Parana state, whose economy is centered on family farming and agribusiness,
pesticides are intensively used, emphasizing glyphosate, atrazine, and 2,4D 7. A
previous study in this population identified that women who develop breast cancer and
are occupationally exposed to these pesticides have more aggressive tumors than
women without occupational exposure 8. This fact indicates a possible role of these
pesticides in acquiring mechanisms responsible for the aggressiveness of breast
tumors and the development of tumors with worse prognoses.

In the last decade, our group has been characterizing the impact of pesticide
exposure on the profile of human breast cancer. We identified intense human
contamination by pesticides in this population. This exposure is associated with a more
aggressive disease profile, with suppression of antitumor immune response
mechanisms and changes in DNA repair genes®. These findings indicate that
pesticides can have a systemic action and further impact other biological pathways.

In exposed populations, xenobiotics such as pesticides are eliminated by a
complex system formed by detoxification enzymes. In this context, glucuronidase
enzymes are essential in detoxifying endogenous compounds, such as androgenic and
estrogenic and exogenous substances, including pesticides. In addition, they eliminate
estrogens through glucuronidation, which, when deficient, can be a critical factor in
developing breast cancer since this hormone may be involved in its pathogenesis.
Thus, the presence of variant in genes that encode glucuronidase enzymes can modify
pesticide metabolism, making them carcinogens and directly influencing the
susceptibility and/or prognosis of cancers related to occupational exposure .

Within the glucuronidase enzymes family, a superfamily named UDP-
glycosyltransferase (UGT) aggregates 22 functional enzymes of phase Il metabolism.

Among them, the UGT2B7 isoform is highly expressed in the liver but can be found in
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other tissues such as the kidney, lung, skin, pancreas, prostate, adipose tissue, and
breast ''. Some studies point out that these enzymes' decreased expression and
glucuronidation activity in breast tumors compared to adjacent normal breast tissue
enables estrogen-induced carcinogenic effects 213, Increased expression of the
enzyme UGT2B7 was also observed in estrogen receptor-positive (ER+) tumors
compared to ER-negative (ER-) tumors and linked to reduced overall survival. These
findings favor the hypothesis of the protective role of the enzyme UGT2B7 in breast
cancer 4.

The UGT2B7 gene is highly polymorphic, and studies have focused on
understanding the impact of its variants in cancer. Some single nucleotide variant in
UGT2B7 are linked to cancer outcome ', treatment toxicity ', and cancer risk 7.
However, little is known regarding its clinical meaning in breast cancer. Because of its
metabolic function against xenobiotics, it has been highlighted that some UGTs
isoforms can act as indirect antioxidants, neutralizing reactive metabolites 8. It is
particularly important because breast cancer is well-known for its systemic redox stress
generation, and oxidative and nitrosative stress metabolites are directly implicated in
genomic instability and cancer progression 9.

The present study analyzed the variant rs7438135 (G>A), located on
chromosome 4. Is a SNV in which a guanine is exchanged for an adenine (G>A) in the
promoter region, present, therefore, before the coding sequence of the enzyme,
responsible for initiating the transcription process. It was verified that the presence of
the mutant allele A results in high activity of the UGT2B7 enzyme when compared to
the reference allele G, which decreases its action20-21.22,

For this reason, here we investigated the impact of pesticide exposure on the
systemic oxidative stress levels of women diagnosed with breast cancer carrying the
single nucleotide variant (SNV), rs7438135 (G>A) and evaluated its impact on the

clinicopathological features that are determinants of disease prognosis.
2 Material and Methods
2.1 Study Design

The present work is a retrospective and prospective study, with the collection of

primary data and samples from women assisted at a public hospital located at Parana
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Southwest (Hospital de Cancer de Francisco Beltrdo — PR), between 2015 and 2022
and UGT2B7 gene expression data from the Cancer Atlas Genome (TCGA).

During this period, 228 women were eligible and included in this study. Inclusion
criteria were having a diagnosis of breast cancer confirmed by biopsy and having a
DNA sample available for analysis of UGT2B7 rs7438135 variant. Exclusion criteria
were underage patients, patients diagnosed with benign breast diseases, patients with
intellectual disability to understand and sign the consent form, and patients outside the
8th Parana Health Region. The Institutional Ethics Committee approved this proposal
under CAAE 35524814.4.0000.0107, opinion number 810.501. Only patients who
signed the free and informed consent form were considered.

TCGA data collection included information from 112 non-tumor and 1093 tumor
samples from breast cancer patients for UGT2B7 expression
(http://timer.cistrome.org/). A summary of the experimental design is shown in Figure
1.
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Figure 1: Study Design. In the first step, the expression profile of the UGT2B7 gene was investigated in samples of normal breast tissue (n = 112) and tumor
breast tissue (n = 1093) in samples of patients from Cancer Atlas (TCGA). To investigate the impact of pesticide exposure in women diagnosed with breast
cancer with a variant in this gene, 869 women consecutively treated at the Francisco Beltrdo Cancer Hospital (Ceonc) were screened to investigate suspicious
images for breast cancer. Based on the biopsy result, availability of clinicopathological data, and samples for analysis, 228 women with breast cancer were
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included in the study. Clinicopathological data were collected from medical records, and peripheral blood samples were collected. After applying a validated
questionnaire to obtain the profile of occupational exposure to pesticides, patients were categorized as exposed (Exp = 134) or not (NExp = 94). DNA extraction
was performed to determine the variant profile of the UGT2B7 gene and dosage of oxidative/nitrosative stress markers (levels of lipoperoxides, nitric oxide
metabolites - NOx, and plasma antioxidant capacity - TRAP). For statistical analysis, the data were categorized according to the clinical variables that determine
the prognosis of interest, the presence profile of the variant in the UGT2B7 gene, and pesticide exposure.
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2.2 Clinicopathological characterization

A questionnaire was applied to collect clinical and pathological data from the
patients, which, together with the consultation of medical records, obtained the
following information:
a) Histopathological characterization of the biopsy: histological tumor grade (1 - well
differentiated, 2 - moderately differentiated, or 3 - poorly differentiated), presence of
intratumoral angiolymphatic emboli, tumor size, and the number of metastatic lymph
nodes.
b) Molecular subtyping of breast tumors: It was based on the criteria established by St.
Gallen Consensus?? by immunohistochemical staining (IHC) of tumors. Based on the
clinicopathological behavior of tumors, we categorized them into two groups: low
(Luminal A and human epidermal growth factor receptor 2 (HER2-amplified) or high
(triple-negative and Luminal B) aggressiveness subtypes.
c) Determination of the clinical profile of the patients: It was carried out from the
collection of clinical data obtained during the medical consultation and from the medical
records, including age at diagnosis (equal/below or above 50 years), body mass index
- BMI (normal BMI, overweight or obese), menopausal status at diagnosis (yes or no),
presence of distant metastases (yes or no), treatment response profile (responsive or
chemoresistance), and survival profile (dead by cancer or alive at the last clinical
follow-up). Based on the combination of their clinicopathological profiles, patients were
further categorized according to their risk of death and disease recurrence into low,

intermediate, or high-risk °.

2.3 Characterization of the exposure profile to pesticides

A validated instrument was applied to characterize occupational exposure to
pesticides 4. Rural women with a history of direct handling of pesticides during the
preparation and dilution of the poison solution, application of pesticides, and/or
decontamination of personal protective equipment (PPE) and/or washing of clothes
used during spraying without wearing gloves or any protection were considered as
exposed (Exp group). These women reported living in rural areas for at least 50% of
their lives and working unprotected 1-3 times a week throughout the year. The
unexposed group consisted of urban female workers with no previous or current history

of occupational exposure to pesticides working in urban jobs (NExp group).
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2.4 Blood collection, Genomic DNA Extraction and Genotyping

To obtain plasma, 10 mL samples of heparinized blood were centrifuged for 5
minutes at 4000 rpm and subsequently stored at -20° C until the time of analysis.
Plasma samples were used to determine the oxidative stress profile and the buffy coat
for DNA extraction.

DNA extraction was performed using a commercial kit (PureLink™ Genomic
DNA Mini Kit, CAT: K182002) following the manufacturer's instructions. The samples
were quantified in Nanodrop, observing the A260/A280 nm (= 1.8) and A260/A230 nm
(= 1.8) ratios, DNA samples with an acceptable degree of purity show A260/A230 ratios
between 1.8 and 2.2 and A260/A280 equal > 1.8.

The technique used for genotyping was real-time quantitative polymerase chain
reaction (RT-gPCR) with TagMan® probes (Applied Biosystems) through a hydrolysis
system, Genotyping Master Mix (Applied Biosystems; Foster City, CA, USA).
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Figure 2: Allelic discrimination graph for the UGT2B7 gene (rs7438135) obtained by the RT-qPCR technique. VIC: reference allele (G); FAM: mutant
allele (A). Blue (population close to y-axis): individuals homozygous for the reference allele (GG); red (population in the middle): heterozygous individuals (AG);
yellow (population close to x-axis): individuals homozygous for the mutant allele (AA). Black squares indicate two negative controls (identical reactions to the

others without DNA).
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reagent was used. Briefly, an 11 L reaction mixture consists of 4.5 pl of Master Mix,
0.8 uL of Buffer (Tris-EDTA), 0.2 uL of TagMan probe (40X) specific for the variant in
the UGT2B7 gene (rs7438135), and 5 ng/mL of genomic DNA, following the
manufacturer's recommendations. The amplification was performed in a PrimeQ Real-
Time TECHNE® thermal cycler (Fisher Scientific UK), for 50 cycles. After each
amplification reaction, the allelic discrimination graph (Figure 2) was generated and
the genotypes were tabulated for later analysis. The SNV rs7438135 of the genotyped
UGT2B7 gene was validated in public databases (Database of Single Nucleotide
Polymorphisms/NCBI, 2021), and according to 1000Genomes Global Study-
wide, the global frequency of alleles is G=0.3351 and A=0.6649.

2. 4 Determination of the Oxidative Stress Profile

241 Assessment of Lipoperoxide Levels by High Sensitivity
Chemiluminescence Induced by Tert-Butyl Hydroperoxide

To evaluate lipoperoxide levels, 125 uL of plasma was added to 865 uL of 10
mM monobasic phosphate buffer pH 7.4 in 0.9% NaCl with incubation at 37°C for 5
min. A 10 uL aliquot of 20uM t-butyl solution was added to trigger the reaction. The
reading was performed in a Promega luminometer (Promega, USA) in the protocol of
1 reading per second for 60 min. The qualitative photon emission curve was evaluated

and measured in relative light units (URL) 25.

2.4.2 Evaluation of the Total Antioxidant Capacity of Plasma — TRAP

Plasma samples were diluted 1:50 in 980 uL of 1M glycine buffer pH 8.6 and
added 50 pL of luminol solution (0.0398 mg/mL) and 50 mL of ABAP solution (54.24
mg/mL). The chemiluminescent reaction was monitored in a Promega luminometer (10
reads per second, 30 minutes). The results were analyzed and expressed as nM
Trolox, based on the inhibition profile of the ABAP curve of a standard solution of the

water-soluble analog of vitamin E (Trolox 0.5 mg/mL) 2627,

2.4.3 Determination of Plasma Levels of Nitric Oxide Metabolites (NOXx)
NOx was determined as described by Navarro-Gonzalez?® with modifications 2°.

Aliquots of 60 uL were deproteinized by adding 50 pyL of 75 mM ZnSO4 solution
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(Merck), shaking and centrifuging at 10,000 rpm for 2 min, and then adding 70 pL of
55 mM NaOH (Merck). Then, they were shaken and centrifuged at 10,000 rpm for 5
min. The clear supernatant was recovered and diluted in a glycine buffer solution
(45g/L pH 9.7, Merck) in a 5:1 ratio. Cadmium granules (Fluka) stored in 100 mM
H2S04 solution (Merck) were washed three times in sterile distilled water and added
to a 5 mM CuSO4 solution in glycine-NaOH buffer (15 g/L, pH 9.7, Merck) for 5 min.
Then the activated granules (600-1000 mg, approximately 1-2 granules) were added
to the supernatant diluted in glycine buffer and stirred for 10 min.

Aliquots of 200 pL were recovered in appropriate tubes for nitrite determination,
and the same volume of Griess reagent was added (Reagent |: 50 mg of N-naphthyl
ethylenediamine in 250 pl of distilled water; Reagent II: 5 g of sulphanilic acid in 500
pL of 3M HCI, Sigma). After a 10 min incubation at room temperature, the tubes were
centrifuged at 10,000 rpm for 2 min, and 100 yL were added to 96-well microplates in
triplicate. To determine the nitrite concentration of the sample, the calibration curve
was prepared by diluting NaNO2 (Merck, CAS 7632-00-0) in sterile distilled water to
concentrations from 125 to zero uM and 100 pL of the curve point + 100 uL of Griess
reagent were added in triplicate to microplate wells. Absorbance was measured at 550

nm on a microplate reader. The final results were expressed in uM.

2.5 Statistical Analysis

The frequencies of the categories of each variable were compared for patients
belonging to both groups Exp and NExp using the Chi-square test for adherence. To
verify the frequency of genotypes in the total study sample and both Exp and NExp
groups, the Chi-square test was applied using IBM® SPSS® Statistics for Windows,
version 26.0 (IBM® Corp., Armonk, N.Y., USA). This same test was used to analyze
the impact of occupational exposure to pesticides in the presence of the rs7438135
variant on the systemic levels of oxidative/nitrosative stress metabolites in these
patients. Tests were performed at 5% statistical significance.

In situations when assumption injury occurred with a minimum expected
frequency of 5, the Monte Carlo method was used as an association test with 5%
significance. The purpose of this test is the same as the Chi-square test for
independence; however, it is statistically more robust when assumptions are not

verified.
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The results were statistically analyzed using the GraphPad Prism 9.0 software.
Data distribution was tested using the Shapiro-Wilk test. Thus, variables with normal
distribution were analyzed with parametric tests. When the assumption of normality
was not met, non-parametric tests were used. The Student's t-test or Mann-Whitney
test was used to compare the two groups. Oxidative stress data are described in the

results as min-max values. Values of p < 0.05 were considered significant.

3. Results

Table 1 shows the clinicopathological profile of the patients distributed
according to pesticide exposure. It was observed that most women were positive for
estrogen receptors, with a prevalence of high ki67 proliferation index, tumors larger
than 2 cm, menopause at diagnosis, and overweight. Despite no statistical difference,
it is observed that the frequency of more aggressive subtypes (Luminal B + Triple-

negative) and high histological grade was higher in patients exposed to pesticides.

Table 1: Comparative analysis of clinicopathological data of patients with breast

cancer, exposed or not to pesticides.

Parameter Unexposed (%) Exposed (%) p-value
Estrogen receptor (ER) Negative 25.9 31.5
Positive 741 68.5 0.313
Total 100 100.0
Progesterone receptor Negative 50.0 55.8

(PR)



Proliferation index (Ki-67)

Molecular subtype

Tumor size (cm)

Histological grade

Lymphodonal invasion

Age at diagnosis

Menopause at diagnosis

Body Mass Index (BMI)

Positive
Total

<14

=14
Total
Luminal A
Luminal B
HER-2

Triple
Negative

Total
<2
=2

Total

1e2

Total
No
Yes

Total

<50
Total

Yes

No
Total

Normal

Excess

Total

50.0

100

37.6

62.4

100

36.7

34.9

14.7

13.8

100

47.6

52.4

100

78.3

20.8

100

61.3

38.7

100

66.7

33.3
100

70.3

29.7

100

32.9

67.1

100

44.2

100

39.9

59.5

100

208

33.5

16.8

19.9

100

38.4

61.0

100

78.1

21.9

100

59.4

40.6

100

62.6

37.4
100

67.5

32.5

100

285

71.5

100

45

0.346

0.656

0.466

0.140

0.472

0.776

0.488

0.629

0.495

Chi-square *p>0,05, considered statistical



46

Initially, we investigated the expression profile of the UGT2B7 gene in samples
of breast tumor and non-tumor tissues from patients in the Cancer Genome Atlas
database — TCGA (Figure 3). A significant increase in UGT2B7 gene expression was

observed in breast cancer biopsies compared to non-tumor breast tissue (p< 0.0001).
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Figure 3: UGT2B7 gene expression profile in breast tumors from the Cancer Genome Atlas dataset. Data based on the Cancer Genome Atlas database
— TCGA collected in the TIMER 2.0 tool. Distributions of gene expression levels are displayed using boxplots. Statistical significance was calculated using the
Wilcoxon test (*: p-value <0.001). It is possible to identify genes that are up-regulated or down-regulated in tumors compared to normal tissues for each cancer
type, as displayed in the columns highlighted in gray. BRCA = breast cancer (general analysis, no specific subtype selected), Basal = triple-negative breast
cancer, HER2 = tumor amplified for human epidermal growth factor receptor 2, LumA = Luminal A subtype, LumB = Luminal B subtype.
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To compare the frequency of genotypes in all patients (N=228), a Chi-square
test was performed on the entire sample (Table 2). When considering the entire
sample, no statistical difference was obtained between the genotype frequencies
(p>0.05) in dominant (AA+GA) and recessive (AA) models.

Table 2: Comparison analysis between the frequency of the reference genotype (GG)
and mutant carrier in dominant (GA+AA) and recessive model (AA) of the variant (SNV)
rs7438135 in the UGT2B7 gene, in patients with breast cancer.

SNV Genotypes Frequency p-value
rs7438135 GG 43 (18.9%) reference
AG 102 (44.7%) 0.374
AA 83 (36.4%) 0.796
Total (N) 228
Dominant Model GG 43 (18.8%) 0.293
AG+AA 185 (81.2%)
Total (N) 228
Recessive Model GG+AG 145 (63.6%) 0.242
AA 83 (36.4%)
Total (N) 228

Chi-square analysis, *p>0,05, considered statistical

The frequency of genotypes among exposed and unexposed breast cancer
patients was evaluated, and the statistical analysis was performed using the Chi-
square test (Table 3). Considering the presence of the mutant allele (A) in homozygosis
for the rs7438135 variant in the UGT2B7 gene, unexposed patients had a higher

frequency than exposed ones (p<0.05).
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Table 3: Frequency of the reference genotype (GG) and mutant carrier in dominant
(GA+AA) and recessive model (AA) of the variant (SNV) rs7438135 in the UGT2B7

gene distributed according to exposure or not to pesticides in patients with breast

cancer
SNV/ Genotypes Exposed Unexposed p-value
Model N (%) N (%)
rs7438135 GG 30 (22.4%) 13 (13.8%) reference
AG 63 (47.0%) 39 (41.5%) 0.360
AA 41 (30.6%) 42 (44.7%) *0.031
Total (N) 134 94
Dominant GG 30 (22.4%) 13 (13.8%) 0.735
model AG+AA 104 (69.4%) 81 (55.3%)
Total (N) 134 94
Recessive GG+AG 93 (69,4%) 52 (55.3%) *0.030
model AA 41 (30,6%) 42 (44.7%)
Total (N) 134 94

Chi-square analysis, *p<0.05, considered statistical.

Considering the role of the UGT2B7 enzyme in the detoxification of xenobiotics
and oxidative stress products, we investigated the impact of occupational exposure to
pesticides in the presence of the rs7438135 variant on the systemic levels of
oxidative/nitrosative stress metabolites in these patients.

As shown in Figure 4, the variant significantly alters the systemic levels of
lipoperoxides in patients exposed to pesticides, depending on the clinicopathological
parameter evaluated. We found increased lipoperoxide levels in patients exposed to
pesticides and with tumors with a high ki67 proliferation index (above 14%, Figure 4A,
307457-3551445 AUC for the NExp group and 351433-5758871 for the Exp group, p
= 0.0337). Regarding the molecular subtypes of breast cancer, exposure to pesticides
reduced lipoperoxide levels in patients carrying the A allele and with tumors of the
Luminal A subtype (Figure 4B, 355678-5621944 AUC for the NExp group and 369182-
2265412 AUC for the Exp group, p = 0.0542). Exposed patients carrying the A allele
also showed a reduction in lipoperoxide levels when stratified into the low risk of death
and disease recurrence (Figure 4C, 326764 4511188 AUC for the NExp group and
476702-1699154 AUC for the Exp group, p = 0.0513). There was also an increase in
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lipoperoxide levels in patients exposed to pesticides with highly aggressive tumors
(Triple-negative + Luminal B subtype) and in the presence of the variant (Figure 4D,
388904-5621944 AUC in the NExp group and 369182-2265412 AUC in the Exp group,
p = 0.0130).
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Figure 4: Plasma lipid peroxidation profile of breast cancer patients occupationally exposed (Exp) or not (NExp) to pesticides and carriers of the A
allele in the UGT2B7 gene. In A, levels according to the tumoral proliferation index profile ki67 (below or above 14%). In B, levels according to the Luminal A
molecular subtype. In C, lipoperoxide values according to the stratification profile of risk of death and recurrence of patients for low risk. In D, levels are distributed
according to the aggressiveness profile of the tumors (high = triple negative, low = other subtypes — Luminal A+ Luminal B+ HER2-amplified). Data expressed
in arbitrary AUC units (integral of the area under the lipid peroxidation curve). * indicates p<0.05.
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Regarding NOx, exposed patients carrying the A allele also showed significant
changes according to clinical variables that determine prognosis depending on their
profile (Figure 5). There was an increase in NOx in exposed patients and with the
presence of the variant in all evaluated parameters: ki67 < 14% (Figure 5A, 1.71-40
MM for the NExp group and 16.50-88.07 uM for the Exp group, p = 0.0300),
progesterone receptor positivity (Figure 4B, 1.71-53.50 yM for the NExp group and
10.41-76.11 uM for the Exp group, p = 0.0360), low risk of death and recurrence
(Figure 5C, 1.71-24.37 uM for the NExp group and 10.41-76.11 uM for the Exp group,
p = 0.0233), presence of low-aggressive tumors (Figure 5D, 1.71-47.63 uM for the
NExp group and 10.41-76.11 uM for the Exp group, p = 0.0268) and for the presence
of low-grade tumors (Figure 5E, 1.71 -65.46 uM in the NExp group and 10.41-88.07
MM in the Exp group, p = 0.0519).
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Figure 5: Profile of plasmatic nitric oxide (NOx) metabolites of breast cancer patients occupationally exposed (Exp) or not (NExp) to pesticides and
carriers of the A allele in the UGT2B7 gene. In A, levels according to the tumor profile of the ki67 proliferation index (below or above 14%). In B, levels
according to the expression profile of progesterone receptors (PR, present + or absent -). In C, values according to the stratification profile of risk of death and
recurrence of patients for low risk. In D, levels are distributed according to the aggressiveness profile of the tumors (high = triple negative, low = other subtypes
— Luminal A + Luminal B+ HER2-amplified). In E, the distribution of NOx according to the histological grade profile for low-grade tumors. Data expressed in uM

of NOx. * indicates p<0.05.
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We also observed a significant variation in the TRAP of exposed patients
carriers of the A allele (Figure 6). There was a reduction in TRAP in patients under 50
years at diagnosis (Figure 6A, 106.3-134 nM Trolox in the NExp group and 47-1259
nM Trolox in the Exp group, p = 0.055). Increase in TRAP in exposed patients with
menopause at diagnosis (Figure 6B, 47.38-1259 in the NExp group and 106.3-1234
nm Trolox in the Exp group, p = 0.0431). A reduction in trap in patients with a low risk
of death and recurrence (Figure 6C, 330.6-1229 nM Trolox for the NExp group and
127.1-1029 nM Trolox for the Exp group, p = 0.0384), carriers of low aggressiveness
tumors (Figure 6D, 82.84-1234 nM Trolox for the NExp group and 77.77-1059 nM
Trolox for the Exp group, p = 0.0246). We observed an increase in TRAP in those with
eutrophic BMI (Figure 6E, 82.84-430.8 nM Trolox in the NExp group and 47.38-3802
nM Trolox in the Exp group, p = 0.0256).
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Figure 6: Total plasma antioxidant capacity (TRAP) of breast cancer patients occupationally exposed (Exp) or not (NExp) to pesticides and carriers
of the A allele in the UGT2B7 gene. In A, levels according to age at diagnosis (below 50 years old = early disease). In B, levels according to the presence of
menopause at diagnosis. In C, values according to the stratification profile of risk of death and recurrence of patients for low risk. In D, levels are distributed
according to the aggressiveness profile of the tumors (high = triple negative, low = other subtypes — Luminal A + Luminal B+ HER2-amplified). In E, TRAP profile
in eutrophic patients. Data expressed in nM of Trolox. BMI = body mass index. * indicates p<0.05.
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Correlation analysis (Figure 7) demonstrated the occurrence of significant points
(p<0.05) between levels of lipoperoxidation in the presence of the A allele versus risk
stratification in the unexposed patients and lipoperoxidation versus subtype,
aggressiveness, and BMI in the exposed patients. For TRAP, we observed a
correlation with emboli, BMI, and NOx in patients in the unexposed group and only
NOx in the exposed ones. NOx levels were significantly correlated with ki67, subtype,
size, aggressiveness, stratification, and lipoperoxide levels in unexposed patients.
There was a correlation between ki67 and TRAP for this parameter for exposed

women.
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Figure 7 — Heatmap of correlations between plasma oxidative stress markers levels and clinicopathological parameters of breast cancer patients
occupationally exposed (Exp) or not (NExp) to pesticides and carriers of the A allele of the UGT2B7. The intensity of the color of each square represents
the R values for the Spearman correlations—the more intense the color, the more positive the correlation; the less intense, the weaker the correlation. RQT =
chemoresistance, ER = estrogen receptors, RP = progesterone receptors, HER2 = tumors with epidermal growth factor 2 receptor amplification, ki67 = ki67
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proliferation index, BMI = body mass index, QL = plasma lipoperoxidation levels, TRAP = plasma antioxidant capacity, NOx = levels of metabolites in nitric
oxide. * indicates p<0.05. NA = not applicable.
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Principal component analysis (PCA, Figure 8) grouping clinicopathological
variables, stress parameters, and pesticide exposure revealed the existence of 2
significant components (PC1 and PC2). PC1 showed a grouping of the variables
stratification of risk of death and recurrence + chemoresistance, and PC2 grouped the

variables age at diagnosis + menopause + BMI + exposure to pesticides.
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Figure 8: Principal component analysis according to the clinicopathological variables profile and oxidative stress markers levels in breast cancer
patients occupationally exposed to pesticides and carriers of the A allele in the gene UGT2B7. The two main components are represented: component
1 (PC1: risk stratification of death and recurrence + chemoresistance) and component 2 (PC2: age at diagnosis + menopause + BMI + exposure to
pesticides)
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4. Discussion

The clinical implications of pesticide exposure in breast cancer patients carrying
the rs7438135 variant in the UGT2B7 gene are unknown. In this study, we
demonstrated for the first time that pesticide exposure in women with breast cancer
carrying the mutant allele (A) in homozygosis or heterozygosis enhances patients'
systemic oxidative/nitrosative profile and correlates to parameters correlated to
disease aggressiveness and poor prognosis.

Pesticide exposure risks breast cancer development, mainly because of its
endocrine-disrupting properties®®. Some pesticides, such as those primarily used in
our study population (glyphosate, atrazine, and 2,4 dichlorophenoxyacetic acid) are
classified by the International Agency for Cancer Research (2015) 3! as potentially or
probably carcinogens, which means that information proving their impact on generating
cancer in humans is still missing. Although our study did not focus on breast cancer
risk, we investigated the combined effect of conditions that potentially affect disease
outcome: pesticide exposure, oxidative/nitrosative stress generation, and the UGT2B7
rs7438135 variant.

The expression of the UGT2B7 gene in breast cancer is poorly known. Since
we aimed to investigate the impact of pesticide exposure on women with breast cancer
carrying this variant, we initially investigated the expression profile of the UGT2B7
gene in normal and cancerous breast tissue. When analyzing the data extracted from
TCGA, we observed a higher expression of the UGT2B7 gene in samples of breast
tumors when compared to normal breast tissue, pointing to its possible relationship
with breast cancer. UGT enzymes, of which UGT2B7 is an isoform, have an essential
role in cancer progression, as they can regulate endogenous signals, such as those
triggered by sex steroid hormones, affecting oncogenic pathways through
glucuronidation32.

Sex hormones favor breast tumor growth, as when binding to their receptors,
they promote the expression of target genes, such as a growth factor responsible for
the proliferation of epithelial cells 3334, The products of estrogen metabolism, such as
2-OH-catechol and 4-OH-catechol, can also bind to DNA and form DNA adducts, in
addition to generating reactive oxygen species, impairing the integrity of the genome3°.
The sustained exposure to progesterone can lead to histone methylation and

consequently silence tumor suppressor genes?®.
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It is known that the rs7438135 is a functional variant considering that the mutant
allele A encodes a UGT2B7 enzyme with greater activity (50%) than the reference
allele G 3738, The presence of at least one mutant allele would probably be associated
with both the ideal elimination of xenobiotics and pesticides and the elimination of
oxidative/nitrosative stress metabolites, thus favoring the occurrence of good disease
outcomes.

Although the genes of the UGT family are known for their antioxidant role3°, we
observed an increase in the systemic production of oxidative/nitrosative stress
mediators in several clinicopathological conditions that predict a worse prognosis in
patients with breast cancer exposed to agrochemicals. This exposure impaired the
antioxidant capacity of the UGT2B7 enzyme in breast cancer patients carrying the A
allele (rs7438135), generating more significant amounts of stress metabolites. This
argument is supported by the data obtained from the analysis of the mutant allele (A)
and the determinant variables of breast tumors, in which no statistical relationship was
observed between them.

Pesticides can inhibit 50% of the glucuronidation activity of UGT enzymes,
leading to their complete suppression #°. The pesticides 2,4D and atrazine, widely used
in the southwest region of Parana state, where the population of women included in
this study is located, suppress the glucuronidation carried out by UGT enzymes*'. This
information is in line with our findings, in which we observed that patients with highly
aggressive breast tumors (carriers of the triple-negative subtype) and high ki-67, when
exposed to pesticides, showed increased systemic levels of lipoperoxides even in the
presence of the rs7438135 variant in the UGT2B7 gene, suggesting that exposure to
pesticides may affect the metabolic capacity of this enzyme to eliminate lipoperoxides.

In the context of hormone-positive tumors, several pesticides, such as
glyphosate, also widely used in our population study, can generate endocrine
dysfunction*?. These pesticides often can act analogously to hormones such as
progesterone and estrogen, leading to physiological responses related to hormonal
action. They may also influence the synthesis, transport, metabolism, or elimination of
estrogen, thus affecting the endocrine system homeostasis*3. The reduction in the
activity of UGT enzymes caused by pesticide exposure can reduce the body's ability
to perform glucuronidation of carcinogens and cancer-promoting molecules. The

UGT2B7 enzyme plays an essential role in the hormonal axis by carrying out the
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glucuronidation of catechol estrogens, mainly 4-hydroxy estrogen (4-OH E1), which
have a carcinogenic effect in breast tissue**. The increase in catechol estrogen
quinones, which have genotoxic action, occurs due to a decrease in their UGT2B7
activity*®. Thus, occupational exposure influencing the action of the analyzed enzyme
may represent a significant risk factor in breast cancer, especially in hormone-
dependent tumors such as the Luminal subtype.

Some pesticides, such as herbicides, initiate a process in which they undergo a
reduction of one electron by NADPH and form a superoxide anion*®. These formed
ROS can be eliminated in several ways, including the glucuronidation process carried
out by UGT enzymes; otherwise, there is an imbalance between its production and its
elimination and installation of oxidative stress*’. Reactive nitrogen species (RNS)
contribute to oxidative stress and, combined with metabolites generated by the
mitochondrial respiration chain, may generate nitric oxide (NOx) metabolites, which
can react extensively with macromolecules such as lipids, causing lipoperoxidation and
depletion of systemic antioxidants*2.

Chronic oxidative stress induces a more aggressive phenotype in breast cancer
cells, such as MCF-7, by decreasing the expression of ER, leading to loss of estrogen
dependence and phenotype change. In addition, high concentrations of oxidative
stress metabolites are described in more aggressive and metastatic tumors#.
Therefore, chronic and continuous pesticide exposure can lead to sustained oxidative
stress and consequently influence the progression of hormone-positive breast tumors.
The increase in lipoperoxide levels in patients with a low risk of death and recurrence
observed in our study may strengthen this hypothesis, as this risk stratum is formed by
patients with small luminal A tumors that have not yet metastasized.

Our results showed an increase in NOx levels in patients in women
occupationally exposed to pesticides, demonstrating the inability of the UGT2B7
enzyme to neutralize the reactive nitrogen species formed by exposure, even in the
presence of the mutated allele A. The NOx increase and the antioxidant capacity
reduction can influence tumor progression. This is known that tumor breast tissue has
higher concentrations of NOx when compared to normal breast tissue® and can
influence the growth and proliferation of tumor cells, in addition to contributing to
metastasis and collaborating with tumor angiogenesis®'-®2. The enzyme nitric oxide

synthetase 3 (NOS3), an isoform that majorly contributes to NO synthesis, is detected
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in breast cancer and is positively associated with ER and PR tumors®3. Increased
expression of all NOS isoforms concomitant to enhanced NOx production have been
reported in MCF7 cells treated with low concentrations of pesticides such as
hexachlorobenzene and chlorpyrifos®4.

Our study also pointed out that young women with breast tumors exposed to
pesticides, carriers of at least one mutant allele (A) of the rs7438135 variant, have
lower concentrations of antioxidants compared to those not exposed, probably due to
the reduction of the UGT2B7’s antioxidant effects, due to exposure. The reduction of
antioxidant capacity may represent a risk for the worsening of the disease in younger
women, as they develop more aggressive tumors, with a high histological grade, highly
proliferative capacity, and greater possibility of vascular invasion, in addition to
manifesting lower overall survival and higher recurrence rate 55.56:57.58,

Antioxidant levels are finely regulated by the transcription factor NRF2 (erythroid
nuclear factor); xenobiotics trigger this pathway to protect the cell by transcribing
metabolizing enzyme genes and antioxidant proteins essential for regulating redox
imbalance®%%. The UGT2B7 gene is one of the transcriptional targets of NRF2, and
the presence of the rs7438135 G>A variant suppresses the transcription action
performed by NRF2, thus affecting the antioxidant response induced by environmental
exposures in an allele-dependent manner®'-62, Despite the existence of several
antioxidants that can be affected by both breast cancer and pesticides, our data
demonstrated that the studied variant in the UGT2B7 gene has a clinical significance
in this context.

Our study has limitations, such as the modest sample size (228 genotyped) and
the lack of dosage of pesticides in patients to assess the relationship between
exposure and the presence of variant. Despite this, our results demonstrate that
exposure to pesticides may somehow interfere in redox response to neutralize
systemic oxidative/nitrosative stress in the context of UGT2B7 rs7438135 G>A variant,
especially in clinical situations of worse breast cancer prognosis. It may be true since
the association of exposure to pesticides, even in the presence of the variant,
significantly increased the levels of systemic stress metabolites and decreased the

antioxidant defense system.

Future perspectives:
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The presence of the variant studied in women exposed to pesticides can impact
the progression of the disease even in conditions of good clinical prognosis. The
rs7438135 variant may also impair the action of the UGT2B7 and other UGT enzymes
in chemotherapeutic metabolism, such as tamoxifen 17 and anthracyclins®®, commonly
used in treating these women. The study will therefore continue to collect information
to assess this situation in the context of the 5-year clinical follow-up. Considering the
accessibility of searching for variant in clinics, our study opens a putative new marker

for investigation in pesticide exposed populations with breast cancer in the future.

5. Conclusions

Our results showed that pesticide exposure significantly impacts the oxidative
stress levels of breast cancer patients despite the presence of the mutant allele (A)
rs7438135 in the UGT2B7 gene. Considering the antioxidant protection that should be
given by the presence of the allele (A), patients occupationally exposed to pesticides
showed high lipid peroxidation, NOx, and depleted antioxidant levels, essential for
tumor progression. Considering that the variant increases the enzyme's activity, these
findings indicate a possible, but not elucidated, role of pesticides in suppressing the
action of the UGT2B7 enzyme. This suppression can mainly affect hormone-
dependent tumors, contributing to the advancement of the disease. Therefore, our
work indicates one of the many pathways possibly influenced by exposure to pesticides
involved in the progression of breast cancer and strongly suggests a differentiated

follow-up for occupationally exposed women carrying some UGT variant.
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Figure Legend:

Figure 1: Study Design. In the first step, the expression profile of the UGT2B7 gene
was investigated in samples of normal breast tissue (n = 112) and tumor breast tissue
(n =1093) in samples of patients from Cancer Atlas (TCGA). To investigate the impact
of pesticide exposure in women diagnosed with breast cancer with a polymorphism in
this gene, 869 women consecutively treated at the Francisco Beltrdo Cancer Hospital
(Ceonc) were screened to investigate suspicious images for breast cancer. Based on
the biopsy result, availability of clinicopathological data, and samples for analysis, 228
women with breast cancer were included in the study. Clinicopathological data were
collected from medical records, and peripheral blood samples were collected. After
applying a validated questionnaire to obtain the profile of occupational exposure to
pesticides, patients were categorized as exposed (Exp = 134) or not (NExp = 94). DNA
extraction was performed to determine the polymorphism profile of the UGT2B7 gene
and dosage of oxidative/nitrosative stress markers (levels of lipoperoxides, nitric oxide
metabolites - NOx, and plasma antioxidant capacity - TRAP). For statistical analysis,
the data were categorized according to the clinical variables that determine the
prognosis of interest, the presence profile of the polymorphism in the UGT2B7 gene,

and pesticide exposure

Figure 2: Allelic discrimination graph for the UGT2B7 gene (rs7438135) obtained
by the RT-qPCR technique. VIC: reference allele (A); FAM: mutant allele (G). Blue
(population close to y-axis): individuals homozygous for the reference allele (AA); red
(population in the middle): heterozygous individuals (AG); yellow (population close to
x-axis): individuals homozygous for the mutant allele (GG). Black squares indicate two

negative controls (identical reactions to the others without DNA)

Figure 3: UGT2B7 gene expression profile in breast tumors from the Cancer
Genome Atlas dataset. Data based on the Cancer Genome Atlas database — TCGA
collected in the TIMER 2.0 tool. Distributions of gene expression levels are displayed
using boxplots. Statistical significance was calculated using the Wilcoxon test (*: p-
value <0.001). It is possible to identify genes that are up-regulated or down-regulated

in tumors compared to normal tissues for each cancer type, as displayed in the
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columns highlighted in gray. BRCA = breast cancer (general analysis, no specific
subtype selected), Basal = triple-negative breast cancer, HER2 = tumor amplified for
human epidermal growth factor receptor 2, LumA = Luminal A subtype, LumB =

Luminal B subtype.

Figure 4: Plasma lipid peroxidation profile of breast cancer patients
occupationally exposed (Exp) or not (NExp) to pesticides and carriers of the A
allele in the UGT2B7 gene. In A, levels according to the tumoral proliferation index
profile ki67 (below or above 14%). In B, levels according to the Luminal A molecular
subtype. In C, lipoperoxide values according to the stratification profile of risk of death
and recurrence of patients for low risk. In D, levels are distributed according to the
aggressiveness profile of the tumors (high = triple negative, low = other subtypes —
Luminal A+ Luminal B+ HERZ2-amplified). Data expressed in arbitrary AUC units

(integral of the area under the lipid peroxidation curve). * indicates p<0.05.

Figure 5: Profile of plasmatic nitric oxide (NOx) metabolites of breast cancer
patients occupationally exposed (Exp) or not (NExp) to pesticides and carriers
of the A allele in the UGT2B7 gene. In A, levels according to the tumor profile of the
ki67 proliferation index (below or above 14%). In B, levels according to the expression
profile of progesterone receptors (PR, present + or absent -). In C, values according to
the stratification profile of risk of death and recurrence of patients for low risk. In D,
levels are distributed according to the aggressiveness profile of the tumors (high =
triple negative, low = other subtypes — Luminal A + Luminal B+ HER2-amplified). In E,
the distribution of NOx according to the histological grade profile for low-grade tumors.

Data expressed in yM of NOx. * indicates p<0.05.

Figure 6: Total plasma antioxidant capacity (TRAP) of breast cancer patients
occupationally exposed (Exp) or not (NExp) to pesticides and carriers of the A
allele in the UGT2B7 gene. In A, levels according to age at diagnosis (below 50 years
old = early disease). In B, levels according to the presence of menopause at diagnosis.
In C, values according to the stratification profile of risk of death and recurrence of
patients for low risk. In D, levels are distributed according to the aggressiveness profile

of the tumors (high = triple negative, low = other subtypes — Luminal A + Luminal B+
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HERZ2-amplified). In E, TRAP profile in eutrophic patients. Data expressed in nM of
Trolox. BMI = body mass index. * indicates p<0.05.

Figure 7 — Heatmap of correlations between plasma oxidative stress markers
levels and clinicopathological parameters of breast cancer patients
occupationally exposed (Exp) or not (NExp) to pesticides and carriers of the A
allele of the UGT2B7. The intensity of the color of each square represents the R
values for the Spearman correlations—the more intense the color, the more positive
the correlation; the less intense, the weaker the correlation. RQT = chemoresistance,
ER = estrogen receptors, RP = progesterone receptors, HER2 = tumors with epidermal
growth factor 2 receptor amplification, ki67 = ki67 proliferation index, BMI = body mass
index, QL = plasma lipoperoxidation levels, TRAP = plasma antioxidant capacity, NOx

= levels of metabolites in nitric oxide. * indicates p<0.05. NA = not applicable.

Figure 8: Principal component analysis according to the clinicopathological
variables profile and oxidative stress markers levels in breast cancer patients
occupationally exposed to pesticides and carriers of the A allele in the gene
UGT2B7. The two main components are represented: component 1 (PC1: risk
stratification of death and recurrence + chemoresistance) and component 2

(PC2: age at diagnosis + menopause + BMI + exposure to pesticides)
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Supplementary table: Odds ratio relating the AA+GA genotypes with the
clinicopathological variables using the GG genotype as a reference in total breast

cancer patients (N=229)

Variable P valor Odds ratio (OR) Confidence
interval

Estrogen receptor 0.760 0.896 0.442-1.816

Progesterone 0.186 0.635 0.323-1.250

receptors

Ki-67 proliferation 0.495 1.273 0.637-2.544

index

molecular 0.110 0.782 0.578-1.057

subtype

Tumor size 0.418 1.324 0.672-2.611

Histological grade 0.505 0.791 0.397-1.576

Aggressiveness 0.328 0.688 0.324-1.457

Angiolymphatic 0.623 1.228 0.541-2.783

emboli

Lymphodonal 0.694 0.863 0.413-1.800

invasion

Age at diagnosis  0.846 0.934 0.470-1.857

Menopause at 0.384 1.396 0.659-2.959

diagnosis

Body Mass Index 0.823 1.100 0.476-2.540

(BMI)

Risk stratification  0.135 0.660 0.383-1.138

Analysis performed by binary logistic regression, p<0.05 considered statistical.
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5 CONCLUSAO GERAL

Fatores ambientais como a exposicdo a agrotdxicos, dependendo da dose e
seu tempo de exposigdo pode elevar o risco ou mesmo favorecer a progressao do
cancer de mama ao ativar vias que possibilitam a proliferagdo celular como
consequéncia da sua natureza lipofilica ou mesmo ocasionando danos diretos ou
indiretos ao material genético. A presenga de polimorfismos em enzimas
metabolizadoras de moléculas com potencial carcinogénico também contribui para o
inicio e progressao dessa doenga que € uma patologia genética complexa que envolve
diferentes vias e fatores.

No presente estudo ao analisar a frequéncia do polimorfismo observamos que
0 grupo de pacientes nao expostas detiam maior frequéncia do alelo mutado A. Nao
foi observada associagao estatistica entre a presenca do alelo A com os parametros
histopatoldgicos entre os grupos averiguados. Ja em relagdo aos biomarcadores de
estresse oxidativo lipoperoxidacdo plasmatica total, NO e capacidade antioxidante
total plasmatica foi observada diferencas estaticas entre os grupos de pacientes
expostas e nédo expostas.

A partir dos resultados obtidos foi possivel verificar, portanto, que embora a
presenga do alelo mutante (A) do polimorfismo estudado elevasse a atividade da
enzima UGT2B7, sendo, portanto, um dos mecanismos associados a protegao
antioxidante por meio da detoxificagao de agrotoxicos e dos produtos provenientes do
estresse oxidativo ocasionados por esses xenobiéticos, isso nao foi observado.

As pacientes expostas ocupacionalmente a agrotoxicos, ainda que possuindo
o alelo mutante (A) apresentaram elevados niveis de lipoperoxidagédo e metabdlitos
do oxido nitrico, além da deplegao dos niveis antioxidantes, que podem colaborar para
a progressao tumoral.

Esses achados indicam um possivel, porém nao elucidado, papel dos
agrotoxicos suprimindo a agao das enzimas UGT2B7. Essa supressao pode afetar,
principalmente, tumores horménio-dependentes contribuindo para o avanco da

doenga, tornando-a mais agressiva. Assim sendo, nosso trabalho indica uma das
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inumeras vias possivelmente influenciadas pela exposi¢ao a agrotdxicos que estao

envolvidas na progressédo do cancer de mama.
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APENDICES

APENDICE A

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO — TCLE

Titulo do Projeto: Mapeamento do cancer de mama familial no Sudoeste do Parana e

estudo de associagéo de risco com a exposigdo ocupacional a agrotdxicos.

Pesquisador responsavel: Profa Dra CAROLINA PANIS — Telefones (43)99165316 e
(46) 30553026

Equipe do projeto: Ms. Aedra Bufalo — Professora Adjunta do Curso de Medicina da
Unioeste, Campus de Francisco Beltrdao.Dra Rosebel Prates — Professora Adjunta do
Curso de Medicina da Unioeste, Campus de Francisco Beltrdo.Dra Claudicéia Risso
Pascotto - Professora Adjunta do Curso de Medicina da Unioeste, Campus de
Francisco Beltrdo.Dra Léia Carolina Lucio Professora Adjunta do Curso de Medicina
da Unioeste, Campus de Francisco Beltrdo. Ms. Geraldo Vicentini — Professor do

Curso de Medicina da Unioeste, Campus de Francisco Beltrao.

Convidamos vocé a participar de nossa pesquisa que tem o objetivo de identificar os
casos de cancer de mama em mulheres que tem historia da doencga na familia, que
moram na regidao Sudoeste do Parana. Para isso sera realizada a coleta de um tubo
de sangue (10 mL) para fazer os exames necessarios para identificar porque alguns

tumores de mama levam a doencgas tdo agressivas.

Durante a execugdo do projeto também vamos precisar de uma parte do tecido
tumoral que o médico ira remover durante a sua cirurgia ou que foi coletado para o
diagndstico da doenga (na bidpsia). Também precisaremos consultar o prontuario
meédico, para saber informacgdes sobre sua saude e sua ocupacao de trabalho. Para
algum questionamento, duvida ou relato de algum acontecimento os pesquisadores

poderdo ser contatados a qualquer momento, pelos telefones (43)99165316 e (46)



96

30553026. Estamos disponiveis para esclarecer quaisquer duvidas, 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 nao
pagara nem recebera para participar do estudo. Seus dados serdo mantidos em sigilo,
ou seja, ninguém além dos pesquisadores tera acesso ao material ou informagdes
coletadas. Estes dados serao utilizados somente para fins cientificos. Vocé podera
cancelar sua participagcdo a qualquer momento. Se necessitar de maiores
informacdes, o telefone do comité de ética é€ 3220-3272 e da pesquisadora
responsavel é 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 doencga 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:

Eu, Carolina Panis, declaro que forneci todas as informag¢des do projeto ao

participante e/ou responsavel.

Data:



APENDICE B: Aprovacao do projeto de pesquisa no Comité de Etica

UNIVERSIDADE ESTADUAL DO = Plataforma
OESTE DO PARANA/ asil

[ 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
associacado de risco coma exposicdo ocupacional a agrotdxicos.

Pesquisador: CAROLINA PANIS

Area Tematica:

Versdo: 1

CAAE: 35524814.4.0000.0107

Instituigao Proponente: UNIVERSIDADE ESTADUAL DO OESTE DO PARANA
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Nuimero do Parecer: 810.501
Data da Relatoria: 25/09/2014

Apresentagdo do Projeto:
Neste estudo pretende-se avaliar todas as mulheres diagnosticadas com cdncer de mama, atendidas no
Hospital de Cédncer de Francisco Beltrao (Ceonc), em um periodo de 48 meses. A partir da analise de
anotacdes em prontudrios serdo selecionadas para investigacdo dos genes de interesse aquelas mulheres
com histéria de cancer de mama familial com ou sem exposicdo ocupacional a agrotéxicos. Atende aos
requisitos tedricos, metodoldgicos e éticos.

Objetivo da Pesquisa:

Mapear os casos de cincer de mama familial na regiio Sudoeste do Parand e identificar possivel
associagdo a exposicaoc ocupacional & agrotdxicos.

Avaliagao dos Riscos v Beneficios:

Mao ha riscos direlos aos sujeitos, uma vez que serac estudados materiais coletados durante cirurgias
oncolégicas.

Comentdrios e Consideragdes sohre a Pesquisa:

Relevante para a drea de oncologla.

Consideragdes sobre os Termos de apresentagio aobrigatdria:

Todos apresentados.,

End:rq:nc UMIWERSITARLA

Bairro:  UNIVERSITARIO CEF: 85813110
UF: PR Municipio: CASCAVEL
Telefone: (45)3220-3272 E-mail; cep prppgfiunioesie, e

Pagena 81 0F

97



98

UNIVERSIDADE ESTADUAL DO ) Plataforma
OESTE DO PARANA/ asil

Continuagae do Farecer: 310,501

Recomendacgdes:

MN#o ha recomendacgdes.

Conclusdes ou Pendéncias e Lista de Inadequacgdes:
Méo ha pendéncias.

Situagio do Parecer:

Aprovado

Necessita Apreciagido da CONEP:
Nao

Consideragtes Finais a critério do CEP:
Aprovado. O projeto néo necessita adequactes.

CASCAVEL, 29 de Setembro de 2014

Assinado por:
Jodo Fermando Christofoletti
{Coordenador)
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APENDICE C: TERMO DE CIENCIA DO RESPONSAVEL PELO CAMPO DE
ESTUDO

Titulo do projeto: Mapeamento do cancer de mama familial no Sudoeste do Parana e

estudo de associacao de risco com a exposigao ocupacional a agrotoxicos.

Pesquisador: Carolina Panis

Local da pesquisa: Ceonc — Francisco Beltrao

Responsavel pelo local de realizagao da pesquisa: Carolina Panis

O pesquisador acima identificado esta autorizado a realizar a pesquisa e coletar
dados, preservando as informacgdes referentes aos sujeitos de pesquisa, divulgando-
as exclusivamente para fins cientificos apenas anonimamente, respeitando todas as

normas da Resolucido 466/2013 e suas complementares, conforme firmado através

do documento abaixo.



téxicos”, coordenado pela Profa. Dra. Carolina Panis, a ser desenvolvido na

dual do Oeste do Parana, Campus Francisco Beltrdo-PR. Disponho-me para

Londrina, 18 de margo de 2014.
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Enfa Cinthya R. Alba Rech
Gerente de Servico de Saude

Hospital do Cancer de Francisco Beltrao - CEONC
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