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Breve relato: a analise salivar antioxidante revela perfis distintos
de acordo com os subtipos moleculares do cancer de mama

Resumo

O cancer de mama é uma doenca heterogénea e complexa, com subtipos
bioldgicos distintos e diversos fatores de risco envolvidos. Dessa forma, a busca
por métodos para a investigacdo de biomarcadores do cancer de mama é
constante. Neste contexto, a saliva constitui um promissor indicador de salde ndo
somente oral, mas também sistémico, fornecendo um status da doenca de forma
rapida e ndo invasiva. Considerando-se o papel dos antioxidantes na génese e
progressdo do cancer de mama, a utilizacdo da saliva para avaliacdo da
capacidade antioxidante da paciente pode representar uma estratégia relevante.
Assim, este estudo teve como obijetivo investigar a capacidade antioxidante de
amostras de saliva de pacientes portadoras de cancer de mama e sua correlacao
com os aspectos clinicos determinantes de prognéstico da doenca. Trata-se de um
estudo observacional analitico, misto (prospectivo e retrospectivo), do tipo coorte,
que incluiu mulheres portadoras de cancer de mama atendidas pelo Hospital do
Cancer de Francisco Beltrao-PR (CEONC) de 2017 a 2022 e aprovado no Comité
de Etica Institucional sob o nimero CAAE 35524814.4.0000.0107. Foram
selecionadas amostras de saliva 134 pacientes voluntarias com diagnostico de
cancer de mama. Foram coletados dados clinicopatolégicos dos prontuarios
médicos de todas participantes. A avaliacdo da capacidade antioxidante total
(TRAP) foi feita através da técnica de quimioluminescéncia de alta sensibilidade e
as andlises estatisticas foram conduzidas no software Graphpad Prism verséo 9.0.
Observamos niveis de TRAP salivares significativamente reduzidos nas portadoras
de tumores positivos para receptores de estrégeno e de progesterona (p<0,05).
Observou-se ainda aumento da TRAP salivar nas portadoras de tumores triplo-
negativos (p=0,041). Nao foram observadas altera¢des significantes nas demais
comparacdes clinicas. Correlagbes moderadas foram observadas entre reducao
dos niveis de TRAP salivar e a presenca de receptores de estrégeno (R=-0,1881)
e presenca de receptores de progesterona (R=- 0,1837). Correlagbes positivas

foram observadas entre os niveis de TRAP e a expressao do indice de proliferacéo



ki67 acima de 14%(R= 0,1697) e com a presenca do subtipo molecular tumoral
triplo-negativo (R= 0,2078). A andlise de correlacdo dos niveis de TRAP na saliva
e no sangue demonstrou que ndo existe correspondéncia entre eles, e que 0s niveis
de TRAP no sangue séo frequentemente maiores do que os detectados na saliva.
Estes achados sugerem os niveis salivares de TRAP como possivel marcador
sistémico associado a ocorréncia de cancer de mama com caracteristicas clinicas

de pior progndéstico como tumores triplo-negativos e de alto indice de proliferacéo.

Palavras-chave: Cancer de mama, perfil antioxidante, saliva



Brief report: antioxidant salivary analysis reveals distinct profiles

according to breast cancer molecular subtypes

Abstract

Breast cancer is a heterogeneous and complex disease, with distinct
biological subtypes and several risk factors involved. Therefore, the search for
methods to investigate breast cancer biomarkers is constant. In this context, saliva
constitutes a promising indicator of health not only oral, but also systemic, providing
a quick and non-invasive disease status. Considering the role of antioxidants in the
genesis and progression of breast cancer, the use of saliva to assess the patient's
antioxidant capacity may represent a relevant strategy. Therefore, this study aimed
to investigate the antioxidant capacity of saliva samples from patients with breast
cancer and its correlation with the clinical aspects that determine the prognosis of
the disease. This is an analytical observational, mixed (prospective and
retrospective) cohort study, which included women with breast cancer treated at the
Hospital do Cancer de Francisco Beltrdo-PR (CEONC) from 2017 to 2022 and
approved by the Institutional Ethics Committee under number CAAE
35524814.4.0000.0107. Saliva samples were selected from 134 volunteer patients
diagnosed with breast cancer. Clinicopathological data were collected from the
medical records of all participants. The assessment of total antioxidant capacity
(TRAP) was carried out using the high-sensitivity chemiluminescence technique and
statistical analyzes were conducted using Graphpad Prism version 9.0 software. We
observed significantly reduced salivary TRAP levels in women with tumors positive
for estrogen and progesterone receptors (p<0.05). An increase in salivary TRAP
was also observed in patients with triple-negative tumors (p=0,041). No significant
changes were observed in other clinical comparisons. Moderate correlations were
observed between reduced salivary TRAP levels and the presence of estrogen
receptors (R=-0.1881) and the presence of progesterone receptors (R= - 0.1837).
Positive correlations were observed between TRAP levels and the expression of the
ki67 proliferation index above 14% (R= 0.1697) and with the presence of the triple-
negative tumor molecular subtype (R=0.2078). Correlation analysis of TRAP levels
in saliva and blood demonstrated that there is no correspondence between them,



and that TRAP levels in blood are often higher than those detected in saliva. These
findings suggest salivary levels of TRAP as a possible systemic marker associated
with the occurrence of breast cancer with clinical characteristics of worse prognosis

such as triple-negative tumors and a high proliferation index.

Keywords: Breast cancer, antioxidant profile, saliva
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1. INTRODUCAO GERAL

O céancer de mama é um dos maiores problemas de saude publica no
mundo, em 2020 se tornou a neoplasia maligna feminina mais diagnosticada
globalmente, além de uma das principais causas de oObito (IARC, 2023). Sao
previstos 34 milhBes de novos casos até 2070 (Soerjomataram, 2021). No Brasil,
sao esperados 704 mil novos casos de cancer no triénio 2023-2025, cerca de 10%
desse numero é relativo ao cancer de mama feminino, que ocupa a segunda
posicao entre os tumores malignos mais incidentes no pais (Inca, 2023).

O céncer de mama € uma doenc¢a complexa que possui grande amplitude
genética e diversos subtipos moleculares, que cursam com caracteristicas
clinicopatologicas distintas (Yeo; Guan, 2017; Kashyap et al., 2022). As ultimas
décadas foram marcadas por intensas investigacbes e buscas sobre os
mecanismos e fatores envolvidos na carcinogénese mamaria (Hanahan, 2000). O
estudo dos fatores envolvidos na doenca permitiu entender, dentre 0s mecanismos
envolvidos na carcinogénese, a participacdo do estresse oxidativo como um
determinante de mutacdes do material genético e de manutencéo da instabilidade
gendmica (Hecht et al., 2016).

O estresse oxidativo caracteriza-se pelo desbalangco entre a produgéo de
espécies reativas e sua neutralizacao pelas defesas antioxidantes (Halliwell, 2022).
Os danos causados as células e a cronicidade deste processo sem o reparo
adequado pelos antioxidantes, podem ter implicacdes relevantes na homeostase
redox e na etiologia do cancer de mama (Barbosa et al., 2008). Neste sentido,
diversos estudos vém demonstrando a importancia da caracterizacdo dos niveis
sistémicos de antioxidantes como possivel biomarcador no cancer de mama e seu
significado clinico, como o aumento na capacidade antioxidante tumoral (Panis et
al., 2015), reducédo da capacidade antioxidante sistémica (Herrera et al., 2014) e
alteracdo dos niveis plasmaticos antioxidantes apés quimioterapia (Panis et al.,
2012).

A busca por biomarcadores no cancer de mama ainda apresenta algumas
limitacdes, especialmente por conta da dificuldade de obteng&o de amostras devido
ao pequeno tamanho da massa tumoral mamaria ou ainda da coleta de sangue e

fluidos corporais de maneira invasiva. Neste contexto, a saliva tem sido apontada
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como uma fonte promissora para a descoberta de possiveis biomarcadores no
cancer (Wang et al.,, 2017). A sialoquimica demonstra que a saliva apresenta
biomoléculas que também estdo presentes no sangue, sugerindo uma nova fonte
de obtencdo de dados bioquimicos de doencas sistémicas e uma nova
possibilidade de exame complementar ndo-invasivo (Novy, 2014).
Considerando-se a importancia dos antioxidantes no cancer de mama, e que
nao ha estudos utilizando a saliva como fonte desta analise, este estudo investigou
0s niveis antioxidantes na saliva de mulheres portadoras de cancer de mama e
avaliou sua correlacdo com os aspectos clinicos determinantes de prognéstico na

doenca.

1.1 Cancer de mama: visao geral

O cancer de mama € uma doenca heterogénea que se desenvolve a partir
do acumulo de mutacdes nas células do tecido mamario ao longo da vida. A
heterogeneidade dos tumores mamarios resulta nas varias formas de
manifestacdes clinicas decorrentes de suas diferentes assinaturas genéticas, que
resultam em diferentes respostas terapéuticas (INCA, 2023).

O céancer de mama € a neoplasia maligna mais incidente em mulheres em
todo o mundo. Sung et al., (2021) demonstrou que, de 185 paises, 159 tiveram
esse cancer como o mais diagnosticado em 2020 (Figura 1). E também a causa
mais frequente de 6bitos na populacdo feminina (IARC, 2020). No triénio 2023-
2025, no Brasil, séo estimados cerca de 704 mil novos casos de cancer de mama
por ano (INCA, 2023).
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Figura 1. Canceres com maior incidéncia no ano de 2020.
Fonte: Adaptado de Sung et al., 2021.

Existem variacbes nas taxas de ocorréncia de cancer de mama em
diferentes populagdes, o que pode refletir diferencas na prevaléncia de fatores de
risco e variacdes na implementacdo ou adocéo de rastreamento (Sopik, 2020). A
incidéncia de cancer de mama é maior em paises com um indice de
desenvolvimento humano (IDH) maior, em contrapartida, as taxas de mortalidade
sdo maiores em paises com IDH mais baixos. Pode-se associar 0 aumento da
incidéncia em paises mais desenvolvidos ao melhor acesso aos servi¢os de saude,
enquanto que em paises subdesenvolvidos os diagnésticos ocorrem mais
tardiamente (Huang et al., 2021).

Embora a incidéncia do cancer de mama seja mais elevada nos paises mais
industrializados, um grande nimero de pessoas que se encontra em regidées menos
desenvolvidas totalizam mais de metade de todos os casos de cancer de mama do
mundo que ndo sao diagnosticados, criando um fardo significativo da doenca
(Wilkinson, 2021). Nos paises em desenvolvimento, as principais razdes para a
elevada incidéncia e mortalidade por cancer de mama séo a falta de conhecimento
adequado da doenca, precariedade de programas de rastreio, diagnostico tardio e
um sistema de saude ineficiente (Kashyap et al., 2022).

O rastreamento e a detecc¢ao precoce do cancer de mama levam a melhores

resultados terapéuticos, diminuindo complicacbes psicolégicas, sociais e
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financeiras. Contudo, em muitos paises ainda ha inUmeros desafios para a
deteccao precoce do cancer de mama (Koopaie, 2022).

O cancer de mama nao possui uma etiologia Unica e isolada, sendo uma
doenca multifatorial que sofre influéncia de fatores modificaveis e ndo modificaveis.
Dentre os principais fatores ndo modificaveis estdo o sexo feminino, o avango da
idade, fatores genéticos relacionados a histéria familiar, etnia, menarca e
menopausa precoce (Youn; Han, 2020).

O sexo feminino é mais acometido, sendo que a incidéncia de cancer de
mama no sexo masculino representa apenas 1% de todos os casos. Além do sexo,
o envelhecimento também é um dos fatores de risco mais importantes para o
cancer de mama. Se torna mais expressivo a partir dos 40 anos, com pico de
ocorréncia a partir dos 50 anos (Inca; 2019; Sun et al.,2017).

A curva de incidéncia de cancer de mama aumenta consideravelmente com
aidade, atingindo um pico logo ap6s a menopausa, podendo evoluir com oscilagcdes
a partir de entdo (Kim; Yoo; Goodman, 2015). Os fatores reprodutivos também
estdo relacionados ao cancer de mama. Essa correlacdo pode ser explicada pela
hiperexposicdo aos hormodnios ovarianos nos casos de menarca precoce e
menopausa tardia (Fioretti et al., 1999).

O cancer de mama em mulheres jovens costuma ser mais raro, afetando
apenas 6% das mulheres com menos de 40 anos. Contudo, mulheres jovens sao
mais propensas a terem tumores com caracteristicas clinicopatologicas mais
agressivas. Além disso, tendem a ser diagnosticadas em estagios mais avancados,
0 gque por sua vez contribui para um prognostico desfavoravel (Radecka; Litwiniuk,
2016; Johnson et al., 2018).

A histéria familiar da paciente também representa um fator de risco néo
modificavel que deve ser levado em consideracao, especialmente se ja houver
histérico de cancer de mama com um parentesco préximo de primeiro grau, pois
pode haver uma heranca genética associada. Porém, apenas 5 a 10% dos casos
de cancer de mama tém causa genética ou hereditaria, com mutacdes nos genes
de reparo, especialmente nos genes BRCAL ou BRCA2 (Streckfus, Bigler, 2016).
Entretanto, o Collaborative Group on Hormonal Factors in Breast Cancer (2001)
concluiu que oito em cada nove mulheres que desenvolvem cancer de mama nao
tém parente de primeiro grau afetado, reforcando seu carater esporadico. Embora

as mulheres que possuem tal parentesco com historico de cancer de mama tenham
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maior risco de desenvolver a doenca, a maioria nunca o desenvolvera (Kashyap et
al., 2022).

Além dos fatores citados acima, outros como menarca precoce (antes dos
12 anos), menopausa tardia (acima dos 55 anos e idade avancada na primeira
gestacdo aumentam drasticamente o risco de cancer de mama, sendo fatores de
risco ndo modificaveis (Kashyap et al., 2022). Por exemplo, quanto maior o0 numero
de gestacdes, menor o risco de cancer de mama entre mulheres, sendo a gestacao
a termo um fator protetor contra o cancer de mama (Ma et al., 2010).

Heer et al., (2020), em seu estudo relatou que foram registrados cerca de
645.000 casos de cancer de mama na pré-menopausa e 1,4 milhdes de casos de
cancer de mama na pés-menopausa, diagnosticados em todo o mundo em 2018,
com mais de 130.000 e 490.000 mortes ocorrendo em cada grupo respectivamente,
reforcando sua ocorréncia mais frequente na p6s menopausa.

Ja os fatores de risco modificaveis sdo aqueles relacionados principalmente
ao estilo de vida, e excesso de peso, sedentarismo, paridade, uso de
contraceptivos orais, consumo de alcool e exposices ambientais (Youn; Han,
2020).

O excesso de peso ou a obesidade estdo relacionados a um risco
aumentado de cancer de mama, principalmente no periodo p6s menopausa. Além
disso, a obesidade aumenta o risco de morte em pacientes com cancer da mama
tanto na pré-menopausa como na pos-menopausa (Picon-Ruiz et al., 2017).

Friedenreich et al., 2021 sugere que ha fortes evidéncias de que a atividade
fisica reduz o risco de cancer de bexiga, mama, cllon, endométrio, esdfago e
cancer gastrico e que a inatividade fisica e o sedentarismo estdo associados ao
maior risco destas doencas.

Por ser uma doenca hormoénio dependente, a exposi¢cdo prolongada ao
estrogénio enddégeno ou exdgeno é considerado um fator de risco relevante ao
desenvolvimento de céancer de mama, por propiciar o aumento do tempo de
multiplicac@o das células do tecido mamario e a exacerbacéo da atividade hormonal
durante os ciclos ovulatérios (Breyer, 2016). O estrogénio, tanto endégeno como
exdgeno, esta associado ao risco de cancer de mama, as principais fontes de
estrogénio exdégeno sdo 0s anticoncepcionais ou terapias hormonais (Sun et al.,
2017). O papel das pilulas contraceptivas hormonais na incidéncia do cancer de

mama é bastante debatido com dados distintos (Fioretti et al., 1999). Do mesmo
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modo, a associacao da terapia hormonal na p6s-menopausa com cancer de mama
ainda permanece como um tema controverso (Beral, 2003).

Estudos também relacionam o consumo de alcool com o aumento do risco
de tumores da glandula mamaria e no desenvolvimento do cancer de mama, por
induzir reacdes oxidativas no organismo (Strarek-Swiechowicz et al., 2023). A
exposicao a poluentes e a agrotdxicos também séo fatores que oferecem risco para
cancer de mama, de forma ocupacional ou ocasional, por ingestéo, inalacdo ou
contato com a pele e se dando de formas agudas ou cronicas (Panis et al., 2021,
Panis et al., 2022).

Em relagéo a apresentacdo clinica e morfolégica da doenga, o cancer de
mama apresenta diferentes formas de classificacdo, podendo ser dividido em
diferentes subtipos clinicos e histolégicos a fim de tornar o diagndstico mais preciso,
tentar predizer o comportamento do tumor e facilitar as tomadas de decisdes
(Kashyap et al., 2022).

De acordo com a histologia, os tumores mamarios séo classificados como
carcinoma ductal in situ (CDIS), carcinoma ductal invasivo (CDI), carcinoma lobular
in situ (CLIS), carcinoma lobular invasivo (CLI), cancer de mama inflamatorio,
doenca de Paget e alguns tipos menos comuns, que incluem linfomas,
angiosarcomas, dentre outros (WHO, 2012).

O tipo histolégico mais comum, que corresponde a cerca de 75% dos casos,
€ o CDI. Diferente do CDIS, em que as células anormais do ducto mamario nao
atingiram outros sitios além do seu lugar de origem, o CDI, trata de uma variante
infiltrativa em que as células neoplasicas do ducto mamario rompem as paredes
dos ductos e se proliferam além da camada basal. E caracterizado pela
disseminacéo e invasdo de tecidos adjacentes e pela tendéncia a formacao de
metastases (Kameo et al., 2021). Estima-se que 8 em cada 10 canceres de mama
invasivos sao CDI, seguidos pelo CLI, com cerca de 15% dos casos, sendo o
restante distribuido entre os outros tipos menos frequentes (Sun et al., 2017; Cabral
et al., 2019).

Além dos subtipos histologicos, os carcinomas mamarios também s&o
classificados através do perfil imunofenotipico de expressédo de receptores de
estrogeno (RE), receptores de progesterona (RP) e receptor tipo 2 do fator de
crescimento epidérmico humano (HER2). Esses marcadores sdo importantes

preditivos de prognésticos e manejo clinico (Kashyap et al.,2022).
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O indice de proliferacdo Ki67 também é um marcador imunoistoquimico
utilizado na pratica, sendo que valores acima de 14% s&o significativamente
associados a ocorréncia de metastases e invasdes linfonodais, comumente
observadas em tumores de mama mais agressivos (Aman et al., 2019). A
combinacdo entre a expressdo de RE, RP, HER2 e do indice Ki67 confere a
classificagdo molecular do cancer de mama nos subtipos moleculares Luminal A
(RE elou PR positivos, HER2 negativo e ki67 igual ou abaixo de 14%), Luminal B
(RE e/ou PR positivos, HER2 negativo e ki67 superior a 14%), HER2-amplificado
(qualquer expressao de RE/PR, HER2 positivo e qualquer valor de ki67) e triplo-
negativo (RE e/ou PR negativos, HER2 negativo e qualquer valor de ki67). Estes
subtipos sdo determinantes do tratamento e progndstico da doenca, sendo o foco
dos principais estudos de cancer de mama da atualidade (Cancer Genome Atlas
Network, 2012).

1.2 Mecanismos moleculares do cancer de mama: papel do estresse oxidativo

e das defesas antioxidantes

1.2.1 Estresse oxidativo: definicdes

Diversos mecanismos moleculares tém sido apontados como fatores
cruciais para a ocorréncia e progressdo do cancer de mama, dentre 0s quais o
estresse oxidativo ocupa um papel central devido a sua participacdo em todas as
etapas da carcinogénese mamaria como fonte de acumulo de mutacgdes,
instabilidade gendmica e perpetuacéo da inflamacéo crénica (Suman et al., 2016).

O estresse oxidativo € definido como o desbalanco entre a producdo de
radicais livres e sua neutralizacdo pelas defesas antioxidantes em favor da
formacdo excessiva de radicais livres ou na diminuicdo da velocidade de sua
remocao, que podem resultar em danos aos sistemas biologicos (Halliwell, 2007,
Reuther, 2010).

Os radicais livres sdo moléculas que possuem elétrons desemparelhados
em sua Ultima camada eletrbnica, e que por isso, se tornam instaveis e
quimicamente reativos. Sua presenca esta ligada a manutencéo de muitas funcées
fisiologicas normais e sua formacdo pelo organismo é inevitavel e continua,

principalmente através da respiracdo mitocondrial (Vasconcelos et al., 2014). Em
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equilibrio no sistema, controlam a for¢a e duracéo da sinalizag&o celular, por meio
de processos ciclicos de oxirredugdo em proteinas como cinases, fosfatases e
fatores de transcricdo. Atuam ainda como mediadores na transferéncia de elétrons
em varias reacdes bioquimicas, e fazem parte no processo de respiracao celular e
na geracao de energia (ATP) (Cotinguiba et al., 2013). Os radicais livres também
exercem papel no sistema imunoldgico, agindo como barreira de defesa do
organismo devido a sua acao bactericida, fungicida e virética. Além disso, estao
envolvidos nos processos de fagocitose, regulacdo do crescimento celular,
sinalizagdo intercelular e sintese de substancias biologicas diversas (Vasconcelos
et al.,2014).

Por outro lado, quando a producao dos radicais livres acontece de maneira
desequilibrada, sem controle, este processo se torna potencialmente perigoso as
células e tecidos (Gutteridge, Halliwell, 2018). Seu excesso no organismo acarreta
efeitos deletérios como a lipoperoxidagéo e oxidacao de proteinas, carboidratos e
DNA (Antunes Neto et al., 2008). Os radicais livres, cujo elétron desemparelhado
liga-se nos atomos de oxigénio ou nitrogénio, sao denominados de espécies
reativas de oxigénio (ERO) e espécies reativas de nitrogénio (ERN),
respectivamente (Barbosa et al., 2010).

Assim, as EROs abrangem moléculas derivadas de oxigénio, incluindo
radicais de superoéxido, peréxido de hidrogénio, radicais de hidroxila, ozénio e
oxigénio singleto. Dentre as principais ERNs estdo o 6xido nitrico, 6xido nitroso,
acido nitroso, nitrito, nitratos e peroxinitrito (Tan et al., 2018).

A oxidacdo de biomoléculas, especialmente, lipidios, proteinas e acidos
nucleicos, esta fortemente ligada a inducdo de efeitos deletérios e consequente
perda de suas fun¢des bioldgicas e da homeostase. Ha fortes evidéncias de que
processos de envelhecimento, transformacgéo e morte celular, com consequéncias
diretas em muitos processos patolégicos, entre eles, a inducdo do cancer, tém
como precursor o estresse oxidativo (Forman; Zhang, 2021).

O estresse oxidativo esta associado a fisiopatologia de diversas doencas
cronicas como artrite, diabetes, deméncia, cancer, aterosclerose, doencas
vasculares, obesidade, osteoporose, sindromes metabdlicas, doencas
neurodegenerativas como Parkinson e Alzheimer, dentre outras. O aumento do

estresse oxidativo no organismo tem sido associado ao inicio e a progressao do
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envelhecimento, e consequentemente, das demais doencas que Vvém
acompanhadas por ele (Tan et al., 2015).

O ataque intenso e frequente dos radicais livres ao DNA, podem causar erros
de replicacdo, instabilidade genbmica e ativacdo de oncogenes. O estresse
oxidativo estd relacionado as fases de iniciagdo, promocdo, progressao e
transformacao maligna das neoplasias (Forman; Zhang, 2021). A cronicidade deste
processo tem relevantes implica¢des sobre o progndstico das pacientes (Lee et al.,
2017).

Os mecanismos de estresse oxidativo também estao envolvidos na ativagéo
de vias de sinalizacao celular, incluindo a proliferacéo de células tumorais, aumento
da migracéo e o0 aumento de fatores pré-angiogénicos de células tumorais. Estudos
tém demonstrado que um alto nivel de estresse oxidativo séo caracteristicas chave
dos tumores malignos (Lee et al., 2017; Heyes, 2020).

Fatores de risco de cancer de mama, como os citados anteriormente,
também podem induzir danos oxidativos, como o envelhecimento, a menopausa,
presenca de mutagcbes nos genes de reparo ou 0 estrogénio em excesso, que
apoiam o desenvolvimento e progressdo da doenca (Gurer-Orhan et al., 2018). A
inflamacéo crénica também é um importante fator de relevancia no microambiente
tumoral, impactando nos processos de progressao e metastase (Suman et al.,
2016).

As células cancerosas sao geralmente submetidas a niveis mais elevados
de EROs que as células normais, o que estimula ainda mais um fendtipo maligno,
promovendo proliferacéo celular sustentada, sobrevivéncia celular, angiogénese e
metéstase (Griflan-Lison et al., 2021). O aumento das EROs, gera ainda um
aumento das taxas de mutacdes, o que contribui para danos no DNA nos estagios
iniciais da carcinogénese (Tan et al., 2018). Assim, a formacdo excessiva de
espécies reativas, associada a uma reducdo nas defesas antioxidantes no
organismo, desencadeia alteracbes genéticas que predispdem a formacdo de
tumores na mama (Zhang et al., 2021).

O aumento dos marcadores oxidativos tem sido observado em varios tipos
de cancer, indicando producdo de estresse oxidativo de forma continua nesta
patologia (Matsui et al., 2000). Em pacientes com cancer, o0 estresse oxidativo altera
a expressao de genes que inibem a progressdao do ciclo celular e genes

supressores tumorais, 0 que aumenta a proliferacdo das células cancerosas
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(Marteli; Nunes, 2014). Visto que o desequilibrio redox representa um fator
importante para a carcinogénese e prognostico do cancer de mama e esta
frequentemente associado a condicdes pro-inflamatoérias, manter a homeostase é
Importante para as fungdes celulares normais (Ursini et al., 2016).

Assim, para neutralizar ou evitar os danos causados nas ceélulas pela
producgédo excessiva de radicais livres, o organismo humano apresenta mecanismos
de defesa, denominados antioxidantes (Griflan-Lison et al., 2021), que estéo

discutidos no tépico a seguir

1.2.2 Defesas Antioxidantes

Por definicdo, os antioxidantes sdo substancias que, mesmo presentes em
baixas concentragcdes comparadas ao substrato oxidavel, sdo capazes de atrasar
ou inibir as taxas de oxidagao, agindo diretamente na neutralizacdo dos radicais
livres ou participando indiretamente em sistemas enzimaticos com esta funcgéo.
Moléculas antioxidantes podem ter origens enzimaticas ou nao enzimaticas
(Vasconcelos et al., 2014).

As principais defesas antioxidantes de via enzimética sédo a superoxido
dismutase, a catalase e as glutationas peroxidase e redutase. A primeira via de
defesa € composta pela enzima superoxido dismutase, atuando na remocao do
radical superoxido e convertendo-o em oxigénio e peréxido de hidrogénio (Forman;
Zhang, 2021).

A seguir, a enzima catalase atua na dismutacdo do peroxido de hidrogénio
em oxigénio e agua. A terceira via, composta pelas glutationas, também catalisa
peréxido de hidrogénio em agua e oxigénio, sendo gque a glutationa opera em ciclos
entre a sua forma oxidada e a sua forma reduzida (Reuter et al., 2010).

Além das vias enziméaticas citadas acima, a outra origem dos antioxidantes
€ por via ndo enzimatica. Os principais antioxidantes desta classe sdo o0s
carotenoides, a bilirrubina, a ubiquinona, o acido urico, o acido ascorbico (vitamina
C) e o a-tocoferol (vitamina E) (Miyazawa et al., 2019). O &cido ascérbico é um dos
principais antioxidantes no organismo, e atua como protetor das células contra os
danos causados pelo estresse oxidativo através da doagdo de elétrons, reduzindo
as EROs, protegendo da oxidagdo moléculas importantes como lipidios e &cidos

nucleicos (Carr; Maggini, 2017; Cimmino; Aifantis, 2018). Por este motivo, o acido
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ascorbico possui efeito protetor para muitas doencgas, com potencial para proteger
contra o cancer. Estudos demonstraram que o ascorbato inibiu sinergicamente o
cancer de ovario em modelos de camundongos e reduziu a toxicidade associada a
guimioterapia em pacientes com cancer de ovario (Ma et al., 2014).

Dentre os tocoferois conhecidos, o a-tocoferol € considerado o mais eficaz
e o0 principal antioxidante lipossolivel presente nas membranas celulares,
interrompendo o processo de peroxidacdo dos lipidios e mantendo a estabilidade
das membranas (Miyazawa et al., 2019). Outro grupo de antioxidantes importante
sdo os carotenoides, que agem no sequestro dos radicais de peroxila e na
desativagdo do oxigénio singleto. O B- caroteno € uma das principais fontes de
vitamina A. Sao moléculas altamente lipofilicas que residem intracelularmente para
proteger a membrana do estresse oxidativo (Tan et al., 2018). Um outro
carotenoide, a luteina, € capaz de inibir a proliferacdo do cancer de mama, pela
ativacdo da via do fator de transcricdo NRF2 e bloqueio da via de sinalizacao
inflamatéria do NF-kB (Chang et al., 2018).

Outro antioxidante ndo-enzimatico de baixo peso molecular, o acido urico,
encontra-se presente na maioria dos tecidos, na forma de anion urato, que é um
antioxidante efetivo nos sistemas biolégicos, capaz de proteger o DNA e lipidios
dos danos oxidativos, recuperar estruturas ja atacadas e estabilizar o ascorbato no
plasma sanguineo (Barreiros et al., 2006). A ubiquinona, também conhecida como
coenzima Q10, é sintetizada nas células do corpo e também pode ser obtida
através dieta, € um potente antioxidante para neutralizar EROs e proteger o
revestimento interno da linfa, vasos sanguineos e endotélio (Tan et al., 2018).

Tanto as defesas enzimaticas como as ndo-enzimaticas sdo passiveis de
avaliacdo laboratorial através de métodos tradicionais, como 0s ensaios
enzimaticos, ou métodos de alta sensibilidade como a fluorescéncia e a
guimioluminescéncia (Colado-Simao et al., 2006).

A medida do TRAP (Total Radical-trapping Antioxidant Parameter) é
utilizada para determinacéo da capacidade antioxidante de misturas. A avaliagéo
da TRAP de uma amostra pode ser considerada um marcador para a determinacao
do estresse oxidativo, da capacidade do sistema em resistir aos seus
desequilibrios, e ainda fornecer informacdes sobre a biodisponibilidade de

compostos antioxidantes (Evelson et al., 2001).

23



Essa determinacdo € realizada pela medida da intensidade de
quimiluminescéncia emitida por radicais peroxila formados pela decomposicao
térmica do composto ABAP (2,2’azobis - 2-amidinopropano) na presenca de
luminol. A adicdo de misturas complexas de antioxidantes, como as amostras
biologicas, a uma solucdo contendo radicais de peroxila produzidos pelo ABAP,
leva a uma diminuicdo da quimioluminescéncia, por determinado periodo, chamado
tempo de inducéo, que é proporcional a concentracao de antioxidantes na amostra
(Lissi et al., 1992).

A determinacdo da capacidade antioxidante pela TRAP tem sido
amplamente utilizada para investigacao do perfil antioxidante no cancer de mama,
bem como para entendimento do seu significado clinico no sangue periférico e
tecido mamério. Panis et al., (2015) em sua investigacéo sobre o perfil oxidativo
dos tumores de mama em comparagdo com o tecido mamario adjacente normal,
observou que tumores na mama apresentam aumento da capacidade antioxidante
gquando comparados aos tecidos mamarios adjacentes, sugerindo que 0s
antioxidantes ndo enzimaticos de baixo peso molecular s&o acumulados pelo tecido
mamario tumoral.

Pires et al., (2019) em sua avaliacdo do estresse oxidativo e inflamacéo
como fatores que aumentam a quimiorresisténcia no cancer de mama Luminal,
identificaram que pacientes quimiorresistentes exibiram niveis mais baixos de
TRAP do que os pacientes responsivos, sugerindo seu consumo durante o
processo de resposta ao tratamento.

A avaliacdo da TRAP em um estudo de caracterizacdo das alteracdes
inflamatérias no tecido mamario de mulheres sem cancer expostas
ocupacionalmente a agrotéxicos feita por da Silva et al., (2023) demonstrou que a
capacidade antioxidante sistémica foi significativamente menor no grupo exposto,

sugerindo que exposi¢cdes ambientais afetam de forma significante este parametro.

1.3 A saliva como potencial fonte de biomarcadores de estresse oxidativo

no cancer

Como descrito anteriormente, os estudos que investigaram a correlacéo

entre o perfil clinico do cancer de mama e o status antioxidante se basearam em
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dados obtidos através de andlises de sangue e tecido mamario. Existem poucas
informagdes referentes ao uso da saliva como fonte de biomarcadores no cancer
de mama, apesar do seu potencial como fonte de tais substancias.

Por definicdo, segundo a Organizacdo Mundial de Saude (OMS),
marcadores biolégicos ou biomarcadores referem-se a uma ampla categoria de
fatores dentre eles, substancias, estruturas ou processos que podem ser medidos
de forma reprodutivel no corpo, ou mesmo em produtos do seu metabdlito, podendo
influenciar ou predizer um agravo ou desfecho especifico. Ainda, compreende néo
apenas a incidéncia e os desfechos dos agravos, mas também os efeitos de
tratamentos, intervencdes e até mesmo exposi¢cdo ambiental ndo intencional, como
a produtos quimicos ou nutrientes. Biomarcadores de cancer sdo biomoléculas
produzidas pelas células tumorais ou por outras células do corpo em resposta ao
tumor. Cada tipo de célula tem sua assinatura molecular Unica, com caracteristicas
identificaveis (Inchem, [s.d.]).

A saliva € um fluido biolégico complexo, formado pelos produtos de trés
pares de glandulas salivares maiores, sendo elas, as glandulas paroétidas,
submandibulares e sublinguais, bem como de 300 a 400 glandulas salivares
menores presentes na cavidade oral (Wang et al., 2017).

Em sua composicdo, 99% é agua e 1% representa um amplo espectro de
moléculas, como ions inorganicos, DNA, RNA mensageiro, microRNA, proteinas
(citocinas, enzimas, quimiocinas, imunoglobulinas) e metabdlitos. As secrecdes
salivares sdo misturadas com as secre¢des do trato respiratério superior, fluido
gengival, exsudatos plasmaticos, restos celulares e componentes de
microrganismos (Zhou; Liu, 2023).

A composicdo da saliva pode ser muito variavel, tanto de individuo para
individuo, quanto na secrecao de cada glandula, do periodo do dia, da estimulacao
ou ndo. A saliva ndo estimulada corresponde a quantidade total sem nenhum
estimulo exdégeno e a saliva estimulada é aquela que responde a um estimulo
gustativo, olfativo e mastigatorio (Lamy et al., 2018).

Sua funcéo esta fundamentalmente ligada a um papel protetor nos tecidos
moles e duros dentais, assim como protecdo do trato gastrointestinal, protecao
contra irritacdes mecénicas e térmicas, acdo sobre o paladar e digestdo, agéo

antimicrobiana, e crucial como biomarcadores correlacionados a agentes
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patogénicos responsaveis pela doenca periodontal e carie, entre outros (Wang et
al., 2017).

Devido as suas caracteristicas e facil obtencéo, a saliva tem se tornado um
fluido altamente atrativo e desejavel, na busca da categorizacéo do estado saude-
doenca de um individuo, por ser um método simples e minimamente invasivo, com
baixo custo. A sialoquimica demonstra que a saliva apresenta biomoléculas que
também estdo presentes no sangue, como DNAs, RNAs, proteinas, metabdlitos
sugerindo uma nova fonte de obtencdo de dados bioquimicos de doencas
sistémicas e uma nova possibilidade de exame complementar (Kaczor-Urbanowicz
et al., 2019).

Diversas revisdes foram publicadas delineando a possibilidade de utilizacéo
da saliva como fluido diagnostico. Assim, as ciéncias dmicas estdo contribuindo na
identificacdo e caracterizacdo de componentes salivares que possam descrever em
tempo real a condicéo fisiolégica geral de um individuo (Castagnola et al., 2017).

Estudos sugerem que alteracdes de sua concentracdo podem ser usadas
como parametros do estresse oxidativo na avaliacdo de biomarcadores para
detectar cancer em estgio inicial ou para monitorar a resposta a um manejo
terapéutico (Wang et al., 2017). Dessa forma, os biomarcadores salivares podem
auxiliar nas intervencbes precoces, evitando que as patologias evoluam para
quadros graves. E assim, tem levado muitos estudiosos a considerar a saliva, o
“‘espelho do corpo”, por ser uma porgcao ultrafiltrada do sangue e por sua
composicdo mudar sob diferentes condi¢cdes patolégicas, considerando que a
saliva seja igualmente informativa ao sangue, devido a troca entre eles (Nemeir et
al., 2019).

Os biomarcadores salivares correlacionados com caracteristicas do cancer
de mama podem levar a informag¢des mensuraveis que, a partir de sua expressao,
podem ajudar a descobrir 0 estagio da doenca, o progndstico ou até mesmo a
resposta a um determinado tratamento (Amiri-Farahani et al.,2020). A capacidade
de monitorar a saude e o bem-estar dos pacientes, bem como detectar patologias
sistémicas precocemente através de meios nao invasivos, sdo objetivos desejaveis
na promocao e prestacdo de cuidados a saude (Lee; Wong., 2010).

A saliva representa um método promissor frente a abordagens diagndésticas

tradicionais (Aps et al., 2002). Assim, a determinac&o do estresse oxidativo no fluido
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salivar pode se apresentar como uma ferramenta promissora para o diagndéstico,
monitorizacéo e tratamento do cancer de mama (Williamson et al., 2012).

Por exemplo, o marcador tumoral c-erbB-2, que pertence a uma familia de
receptores de membrana com atividade de tirosina quinase que reconhecem
peptideos relacionados ao fator de crescimento epitelial foi encontrado em niveis
elevados na saliva de mulheres com cancer de mama, em comparagdo com
mulheres saudaveis (Matos et al., 2005; Marti-alamo et al., 2012). Outro marcador
encontrado em amostras de saliva é o CA-125, utilizado para monitorar o cancer
de ovérios, endométrio e que pode também ser preditivo de tumores nas mamas
(Malathi et al., 2014).

Esforcos tém sido realizados no sentido de identificar marcadores para a
avaliacdo do estresse oxidativo, com o objetivo de sistematizar sua utilizacdo no
diagnostico e controle de seus efeitos adversos. Os marcadores oxidativos sdo
importantes ferramentas na compreensdo dos mecanismos e implicagdes
bioldgicas do dano oxidativo, com o objetivo de possibilitar o controle e prevencéo
de tal processo (Lee et al., 2017). Apesar disso, pouco se sabe sobre o perfil de
marcadores de estresse oxidativo na saliva, e até onde se sabe, ndo existe nenhum
trabalho avaliando o perfil antioxidante da saliva e seu significado clinico no cancer
de mama. Por conta disso, este trabalho teve como foco caracterizar os niveis da
TRAP, um importante marcador de estresse oxidativo, em amostras de saliva de
mulheres portadoras de cancer de mama, e determinar seu significado no contexto

clinico da doenca.

2. OBJETIVOS

2.1 Geral
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Investigar os niveis antioxidantes na saliva de mulheres portadoras de
cancer de mama e avaliar sua correlacdo com os aspectos clinicos determinantes

de prognostico da doenca.

2.2 Especificos

e Medir os niveis de antioxidantes em amostras de saliva de mulheres

portadoras de cancer de mama;

e Verificar se as variacbes nos niveis antioxidantes da saliva estdo
correlacionadas com algum parametro clinico patoldgico indicativo de pior

prognaostico;

e Comparar se ha correspondéncia entre os niveis de antioxidantes na saliva

e no sangue da populacéo estudada.

3. METODOLOGIA

3.1 Desenho do estudo
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A presente proposta corresponde um estudo de delineamento misto,
retrospectivo e prospectivo, qualitativo e quantitativo, com pacientes atendidas pelo
Hospital de Céancer de Francisco Beltrdo-PR (CEONC) entre 2017 e 2022 para
investigacao de lesGes sugestivas de carcinoma mamario. Este estudo encontra-se
aprovado pelo Comité de Etica Institucional, sob o CAAE 35524814.4.0000.0107 e
sob o parecer de ética nUmero 6.129.064.

Foram utilizados como critérios de incluséo: diagnostico de cancer de mama
confirmado por bidpsia, tipo histolégico CDI (carcinoma ductal infiltrante), com
coleta pareada de sangue e saliva. Critérios de exclusdo: amostras sem
pareamento sangue ou saliva, amostras com quantidades insuficientes para o
processamento das mesmas, pacientes em quimioterapia. Compuseram esse
estudo 134 mulheres, com participacdo voluntaria, que assinaram o termo de
consentimento livre e esclarecido (TCLE).

Foi aplicado um questionario para coleta de dados clinicopatolégicos das
pacientes, que conjuntamente com a consulta aos dados de prontuarios objetivou
obter as seguintes informacdes:

a) Caracterizacdo histopatologica e diagnéstico da bidpsia: O resultado da
analise microscépica das bidpsias, fornecida pelo Patologista que atende o Ceonc,
foi categorizado como: auséncia de lesdes, lesdo mamaria benigna, CDI ou outras
alteracdes malignas da mama. Para categorizacao histopatolégica foram adotados
os critérios de avaliacao relacionados ao grau histolégico (1- bem diferenciado, 2-
moderadamente diferenciado ou 3- pouco diferenciado), envolvimento de bordos e
presenca de émbolos angiolinfaticos. Também foram utilizados dados referentes a
caracterizacdo macroscopica da bidpsia no que se refere ao tamanho do tumor,
namero de linfonodos positivos para células tumorais a analise em microscopia e
presenca de linfonodo sentinela. Nas bidpsias positivas para CDI, foram realizadas
analises imuno-histoquimicas para avaliacdo de expressdo dos receptores de
estrogeno, progesterona, superexpressao de HER2 e indice de proliferacdo ki67. A
combinacdo destes resultados foi utilizada para categorizar as biopsias nos
subtipos moleculares do cancer de mama: Luminal A (ER e/ou PR positivos e
ki67<14%), Luminal B (ER e/ou PR positivos, ki67 214%, HER2 amplificado:
qualquer valor de ER, PR e ki67, com amplificacdo de HER2 ou triplo-negativo: sem

expressao de ER, PR e HER2 e qualquer valor de ki67).

29



b) Determinacédo do perfil clinico das pacientes: determinado a partir dos
dados clinicos obtidos durante a consulta médica e em registro de prontuério, e se
refere aos seguintes itens: idade ao diagnostico (categorizada abaixo ou acima de
50 anos), indice de massa corporal- IMC (categorizacdo em IMC normal: IMC até
26 kg/m?, sobrepeso: IMC entre 26,1 e 30 kg/m? ou obesidade: IMC acima de 30,1
kg/m?) e status menopausal ao diagndstico (presenca ou auséncia).

3.2 Obtencéo das amostras de sangue e saliva

Amostras de sangue heparinizado periférico foram coletadas, em média 10
mL por paciente, no pré-operatorio, e centrifugadas a 4000 rpm por 5 minutos para
separacao do plasma. As amostras de saliva foram coletadas através de salivacao
espontanea, sem nenhuma estimulacéo, em tubos plasticos individuais. Todas as
pacientes estavam em jejum de pelo menos 8 horas. Ambas as amostras foram
coletadas no mesmo momento e em seguida armazenadas em freezer -20°C até a

analise.

3.3 Avaliacdo da capacidade antioxidante total pela técnica de

guimioluminescéncia de alta sensibilidade (TRAP)

O composto 2,2’azobis (ABAP) reage com lipideos presentes no plasma
formando lipoperoxidos. Esta reacdo emite fétons em baixas quantidades, nédo
detectaveis por espectrofotometria. Para amplificar esta reacdo, adiciona-se
luminol, um composto mais instavel que os lipoperoxidos, capaz de captar os
elétrons desemparelhados destes, amplificando a emissdo de luz e emissdo de
sinal ao luminbmetro. Quanto maior a quantidade de antioxidantes presentes na
amostra, maior serda o retardo na subida da curva do ABAP, que corresponde ao
impedimento na formacao de lipoperoxidos devido ao nivel de antioxidantes de
baixo peso molecular (Figura 2).

A mistura da reacao iniciou com a diluigdo de 4uL de saliva em 1196uL de
tampao glicina com pH 8,6. Apds, retirou-se 70uL dessa solucdo que foi colocada
em outro eppendorf com 830uL de tampao de glicina e acrescentado 50 uL de
solugéao de luminol (0,0398 mg/mL) e 50 uL de solucdo de ABAP (54,24 mg/mL)

para inicio da reacdo, em temperatura ambiente acima de 25°C, um esquema da
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TRAP pode ser visto na figura 3. A medida de quimioluminescéncia foi realizada
durante o periodo necessario para um regresso a aproximadamente 20% do valor
basal (aproximadamente 10 minutos). Os resultados foram analisados no software
OriginLab 7.5 e expressos em nM de trolox, com base no perfil de inibicdo da curva
do ABAP em comparacao ao perfil da solucdo padréo de Trolox (REPPETO et al.,
1996).

A curva do Trolox (acido 6-hidroxi-2,5,8-tetrametilcroman-2-carboxilico), um
analogo hidrossoluvel de a-tocoferol, foi utilizado como substancia antioxidante
padréo de referéncia, importante na padronizacao dos resultados. Foi diluido 10uL
de trolox em 1000uL de tampé&o de glicina. Dessa solugéao foi retirado 70uL e

acrescentado em 830 uL de tampé&o de glicina, 50uL de luminol e 50uL de ABAP.

400000

2000004

| sl

00

Figura 2: Perfil da curva de decomposicdo térmica do ABAP avaliado por
quimioluminescéncia. A seta Vermelha indica o tempo de inducao (Tind), valor
maximo de emissao utilizado para calculo da TRAP de cada amostra.

Fonte: autor, 2024.
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Estimativa da TRAP

PADRONIZACAO ANALISES DAS AMOSTRAS
Preparar TROLOX e
() 2,2’azobis (ABAP) (® Prepararamostra (® Leitura da reacdo

Amostra
+

ABAP TROLOX

+ + l £ o
Tampao Tampao

e Luminol

+ + ¥ £
Luminol Lurrlinol (ABAP)
ABAP
® Reacdo TROLOX e (® Padronizacdo (® Analises estatisticas
DT amostra [amostra TRAP
ABAP — [ ] g

DT TROLOX [TROLOX] r
e
Resultado é dado em nM de i l
Trolox e = r

Tampao “delay time”

Figura 3: Desenho esquematico da técnica da TRAP para andlise das amostras.
Fonte: autor, 2024.

3.4 Andlises estatisticas

Para cada variavel foi realizado o Teste de Fisher para independéncia para
analisar a associacdo entre as categorias e 0s grupos. Em situacfes de ferimento
do pressuposto de frequéncia minima esperada igual a 5, foi utilizado como teste
de associacao o método de Monte Carlo, com 5% de significancia. O objetivo desse
teste € 0 mesmo que o do Qui-quadrado para independéncia, entretanto é
estatisticamente mais robusto quando os pressupostos ndo sdo verificados. Os
dados foram apresentados como médiasterro padrao da média. A distribuicdo dos
dados foi feita pelo teste de Shapiro-Wilk. Assim, as variaveis com distribuicdo
normal foram analisadas com testes paramétricos. Quando a suposicdo de
normalidade nédo foi atendida, testes ndo paramétricos foram usados. As diferencas
entre os grupos foram avaliadas por teste t de Student para dados paramétricos ou
pelo teste de Mann-Whitney para dados ndo-parameétricos. No caso de mais de 2
grupos de comparacao, utilizou-se o teste de One Way ANOVA seguido do teste
de Bonferroni ou Tukey como pos-hoc. Para a andlise de correlacéo foi utilizado o

teste de Spearman. Foi considerado significativo um valor de p<0,05. Todas as
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andlises estatisticas foram conduzidas no software Graphpad Prism versdo 9.0
(Graphpad software, San Diego-CA,USA), utilizando a ferramenta on-line
quickcalcs (http://www.graphpad.com/quickcalcs/grubbsl.cfm) para deteccdo de

individuos outliers. Nenhum outlier foi identificado neste estudo.
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Abstract

Breast cancer is a heterogeneous and complex disease with distinct
biological subtypes and several risk factors involved. Therefore, the search for
methods to investigate breast cancer biomarkers is constant. In this context, saliva
constitutes a promising indicator of health, both oral and systemic, providing a quick
and non-invasive disease status. Considering the role of antioxidants in the genesis
and progression of breast cancer, using saliva to assess the patient's antioxidant
capacity may represent a relevant strategy. Therefore, this study aimed to
investigate the antioxidant capacity of saliva samples from patients with breast
cancer and its correlation with the clinical aspects that determine the prognosis of
the disease in 134 women with breast cancer. Total antioxidant capacity (TRAP)
was assessed using the high-sensitivity chemiluminescence technique. We
observed significantly reduced salivary TRAP levels in women with tumors positive
for estrogen and progesterone receptors (p<0.05). An increase in salivary TRAP
was also observed in patients with triple-negative tumors. No significant changes
were observed in other clinical comparisons. Correlations were observed between
reduced salivary TRAP levels, estrogen receptors (R=-0.1881), and progesterone
receptors (R=-0.1837). Positive correlations were observed between TRAP levels
and the expression of the ki67 proliferation index above 14% (R=0.1697) and with
the presence of the triple-negative tumor molecular subtype (R=0.2078). Correlation
analysis of TRAP levels in saliva and blood demonstrated no correspondence
between them, and TRAP levels in blood are often higher than those detected in
saliva. These findings suggest salivary levels of TRAP as a possible systemic
marker associated with the occurrence of breast cancer with clinical characteristics
of worse prognosis, such as triple-negative tumors and a high proliferation index.

Keywords: saliva; oxidative stress; antioxidant capacity; breast cancer.
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INTRODUCTION

Breast cancer is one of the biggest public health problems in the world, in
2020 it has become the most diagnosed female malignancy globally, as well as one
of the leading causes of death (IARC, 2023). Thirty-four million new cases are
predicted by 2070 (Soerjomataram, 2021). In Brazil, 704 thousand new cancer
cases are expected in 2023-2025. Around 10% of this number is related to female
breast cancer, which ranks second among the most common malignant tumors in
the country (Inca, 2023).

Breast cancer is a complex disease that has a significant genetic range and
several molecular subtypes, which have distinct clinicopathological characteristics
(Yeo; Guan, 2017; Kashyap et al., 2022). The last decades have been marked by
intense investigations and searches on the mechanisms and factors involved in
breast carcinogenesis (Hanahan, 2000). The study of the factors involved in the
disease allowed us to understand, among the mechanisms involved in
carcinogenesis, the participation of oxidative stress as a determinant of mutations
in genetic material and the maintenance of genomic instability (Hecht et al., 2016).

Oxidative stress is characterized by the imbalance between the production
of reactive species and their neutralization by antioxidant defenses (Halliwell, 2022).
The damage caused to cells and the chronicity of this process without adequate
repair by antioxidants may have relevant implications for redox homeostasis and the
etiology of breast cancer (Barbosa et al., 2008). In this sense, several studies have
demonstrated the importance of characterizing systemic levels of antioxidants as a
possible biomarker in breast cancer and its clinical significance, such as increased
tumor antioxidant capacity (Panis et al., 2015), reduced systemic antioxidant
capacity ( Herrera et al., 2014) and changes in plasma antioxidant levels after
chemotherapy (Panis et al., 2012).

The search for biomarkers in breast cancer still has some limitations, mainly
due to the difficulty in obtaining samples due to the small size of the breast tumor
mass or in collecting blood and body fluids invasively. In this context, saliva has
been identified as a promising source for discovering possible biomarkers in cancer
(Wang et al., 2017). The sialochemistry demonstrates that saliva contains

biomolecules that are also present in the blood, suggesting a new source for
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obtaining biochemical data on systemic diseases and a new possibility for
complementary non-invasive testing (Novy, 2014).

Considering the importance of antioxidants in breast cancer and that there
are no studies using saliva as a source for this analysis, this study investigated
antioxidant levels in the saliva of women with breast cancer and evaluated their

correlation with the clinical aspects determining prognosis in the disease.

METHODS

Study design

The present proposal corresponds to a study with a mixed design,
retrospective and prospective, qualitative and quantitative, with patients treated at
the Francisco Beltrdo-PR Cancer Hospital (Ceonc) between 2017 and 2022 to
investigate lesions suggestive of breast carcinoma. This study is approved by the
Institutional Ethics Committee under CAAE 35524814.4.0000.0107 and under
ethics opinion number 6.129.064.

The inclusion criteria were used: diagnosis of breast cancer confirmed by biopsy,
CDI histological type (infiltrating ductal carcinoma), with paired collection of blood and
saliva. Exclusion criteria: samples without blood or saliva pairing, samples with insufficient
guantities for processing, and patients undergoing chemotherapy. This study consisted of
134 women who participated voluntarily and signed the free and informed consent form
(ICF).

A questionnaire was applied to collect clinicopathological data from patients,
which, together with the consultation of medical records data, aimed to obtain the
following information:

a) Histopathological characterization and diagnosis of the biopsy: The result of the
microscopic analysis of the biopsies provided by the Pathologist at Ceonc was
categorized as the absence of lesions, benign breast lesions, CDI, or other
malignant changes in the breast. For histopathological categorization, evaluation
criteria related to histological grade were adopted (1- well differentiated, 2-
moderately differentiated, or 3- poorly differentiated), edge involvement, and
presence of angiolymphatic emboli. Data relating to the macroscopic
characterization of the biopsy were also used regarding tumor size, the number of

lymph nodes positive for tumor cells upon microscopy analysis, and the presence
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of a sentinel lymph node. Immunohistochemical analyses were performed in
biopsies positive for CDI to evaluate the expression of estrogen and progesterone
receptors, HER2 overexpression, and ki67 proliferation index. The combination of
these results was used to categorize biopsies into the molecular subtypes of breast
cancer: Luminal A (ER and/or PR positive and ki67<14%), Luminal B (ER and/or
PR positive, ki67 214%, HER2 amplified: any value of ER, PR and ki67, with
amplification of HER2 or triple-negative: without expression of ER, PR and HER2
and any value of ki67);

b) Determination of the patient's clinical profile: determined from clinical data
obtained during the medical consultation and from medical records, and refers to
the following items: age at diagnosis (categorized under or over 50 years), body
mass index - BMI (categorization into normal BMI: BMI up to 26 kg/m?, overweight:
BMI between 26.1 and 30 kg/m? or obesity: BMI above 30.1 kg/m?), menopausal
status at diagnosis (presence or absence), risk stratification, treatment

responsiveness and distant metastasis.

Sample obtention

Peripheral heparinized blood samples were collected, on average 10 mL per
patient, preoperatively, and centrifuged at 4000 rpm for 5 minutes to separate the
plasma. Saliva samples were collected in individual plastic tubes through
spontaneous salivation without stimulation. All patients were fasting for at least 8
hours. The both samples were collected simultaneously and stored in a freezer at -

20°C until analysis.

Assessment of total antioxidant capacity by high sensitivity

chemiluminescence (TRAP)

The compound 2,2'azobis (ABAP) reacts with lipids present in the sample to
form lipoperoxides. This reaction emits photons in low quantities, not detectable by
spectrophotometry. Luminol, a compound more unstable than lipoperoxides and
capable of capturing their unpaired electrons, is added to amplify the luminometer's
light and signal emission. The greater the amount of antioxidants present in the

sample, the greater the delay in the rise of the ABAP curve, which corresponds to
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the impediment in the formation of lipoperoxides due to the level of low molecular
weight antioxidants.

The reaction mixture began with diluting 4uL of saliva in 1196uL of glycine at
pH 8.6. Afterwards, 70uL of this solution was removed and placed in another
eppendorf with 830uL of glycine solution and 50 uL of luminol solution (0.0398
mg/mL) and 50 uL of ABAP solution (54.24 mg/mL) were added, to start the
occurrence, at ambient temperatures above 25°C. The chemiluminescence
measurement was performed during the period necessary for a return to
approximately 20% of the baseline value (approximately 10 minutes). The results
were analyzed in the OriginLab 7.5 software and expressed in nM of Trolox, based
on the inhibition profile of the ABAP curve compared to the profile of the Trolox
standard solution (REPPETO et al., 1996).

The Trolox curve (6-hydroxy-2,5,8-tetramethylchroman-2-carboxylic acid), a
water-soluble analogue of a-tocopherol, was used as a reference standard
antioxidant substance, important in standardizing results 10uL of trolox was diluted
in 1000uL of glycine regularly. This solution was taken from 70uL and added to 830
uL of glycine, 50uL of luminol and 50uL of ABAP.

Data analysis

For each variable, Fisher's test for independence was performed to analyze
the association between categories and groups. In injury situations assuming a
minimum expected frequency of 5, the Monte Carlo method was used as an
association test, with 5% significance. The objective of this test is the same as that
of the Chi-square test for independence. However, it is statistically more robust
when the assumptions are not verified. Data were presented as meanststandard
error of the mean. Data distribution was done using the Shapiro-Wilk test. Therefore,
variables with normal distribution were analyzed with parametric tests. When the
assumption of normality was not met, non-parametric tests were used. Differences
between groups were assessed using the Student's t-test for parametric data or the
Mann-Whitney test for non-parametric data. In the case of more than two
comparison groups, the One Way ANOVA test was used, followed by the Bonferroni
or Tukey test as post-hoc. For correlation analysis, the Spearman test was used. A

value of p<0.05 was considered significant. All statistical analyses were conducted
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in Graphpad Prism software version 9.0 (Graphpad software, San Diego-CA, USA),

using the quickcalcs online tool (http://www.graphpad.com/quickcalcs/grubbsi.cfm)

for the detection of outlier individuals. No outliers were identified in this study.

RESULTS

Table 1 presents the clinicopathological profile of the patients included in the

study. It can be observed that 67.1% were positive for estrogen receptors, 55,6 %

were positive for progesterone receptor, with a prevalence of 57.6% of the Ki67

tumor proliferation index in tumors greater than or equal to 2 cm and a

predominance of the Luminal A molecular subtype (41.5%). There is also a

predominance of non-menopausal patients (55.8%) aged over 50 years (67.6%),

(78.7%) low histological grade and overweight (67.3%).

Table 1 — Clinicopathological characteristics of patients with breast cancer.

%

Estrogen receptor

Negative: 32.9%
Positive: 67.1%

Progesterone receptor

Negative: 55.6%
Positive: 44.4%

ki67 proliferation index

<14%: 42.4%
214%:57.6%

Molecular subtype

Luminal A:41.5%
Luminal B:24.6%
HER-2 amplified:6.2%
Triple-negative:27.7%

Tumor size (cm)

>2 cm: 90%
<2cm:10%

Low: 78.7%
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Histological grade High : 21.3%

Normal: 32.7%
Body mass index (kg/m?) Excess: 67.3%

Age at diagnosis > 50 years: 67.6%
< 50 years: 32.4%

No: 55.8%

Menopause at diagnosis Yes:44.2%

Source: Author, 2024

In Table 2, we observe the TRAP values according to the clinicopathological
parameters of the patients evaluated. In the categorization of tumors for the ki67
index below 14%, the values varied between 10,328 and 251,478 nM of trolox, and
in the group with ki67 equal to or above 14%, the values varied from 1,500 to
273,128 nM of trolox. The values for the group of tumors below 2 cm ranged from
16767 to 209811 nM of trolox, and for the tumors equal to or above 2 cm, the values
were from 1500 to 273128 nM of trolox.

For patients with histological grade 1 and 2 tumors, TRAP levels ranged from
1500 to 251478 nM, and those with grade 3 tumors ranged from 25531-273128 nM
trolox. The TRAP values considering the presence of lymph node metastasis were
35756- 191522 nM of trolox, and for the group without lymph node metastasis, the
values ranged from 72889 to 251478 nM of trolox. Patients with distant metastasis
presented values between 19214 and 209811 nM of trolox. The values for the group
without distant metastasis were 1500 to 251478 nM of trolox. Patients with a low-
risk stratification of death and recurrence had values ranging from 3305 to 248098
nM of trolox. Intermediate-risk patients presented values of 1500 to 251478 nM of
trolox, and high-risk patients values between 19214 and 273128 nM of trolox.
Finally, patients responsive to treatment presented values between 31634 and
273128 nM of trolox, while chemoresistant patients presented values between 1500
and 251478 nM of trolox. No comparison showed statistical significance between
the variables in this table (p> 0.05, Fisher's test).
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Table 2 — TRAP levels according to clinicopathological characteristics of patients.

Min-max (nM trolox) P-value

Ki67 proiliferation index | <14%: 10328- 251478 0.1873
214%: 1500-273128

Tumor size <2cm:16767- 209811 0.4632
>2cm: 1500-273128

Histological grade Low: 1500- 251478 0.7080
High: 25531- 273128

Lymphnode metastasis Presence: 35756- | 0.8549
191522

Absence: 72889-251478

Distanto metastasis Yes: 19214-209811

No: 1500- 251478 0.5046
Risk stratification for | Low: 3305-248098 0.7866
reccurrence and death Intermediate: 1500-

251478

High: 19214-273128

Yes: 31634-273128 0.7633
Chemoresistance No: 1500- 251478

Source: Author, 2024

Figure 1A shows the comparison between the salivary TRAP levels of
patients with breast cancer according to the tumor estrogen receptor expression. It
was observed that samples with positive expression for the estrogen receptor had
a lower TRAP compared to samples with negative status. The ranges varied
between 1 and 480 nM of Trolox for ER+ and from 50 to 500 nM for ER- (p = 0.049).
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In Figure 1B, a salivary TRAP profile for patients is observed according to the

expression of progesterone receptors in the tumor tissue, where those with breast

tumors with positive PR expression showed lower TRAP than those with negative

tumor expression. ER+'s minimum and maximum ranges for ER+ were 1 to 480 nM

and 50 to 500 nM trolox for ER-, (p = 0.044).

In Figure 1C, salivary TRAP increases in patients with tumors of the triple-

negative molecular subtype compared to those with the Luminal A, Luminal B, and

HER2 subtypes. The minimum and maximum values found for triple-negative

ranged from 30 to 480 nM; for Luminal B, they ranged from 50 to 420, and Luminal

A values ranged from 1 to 500 nM (p = 0.041).
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Figure 1 — TRAP levels according to hormonal receptors status and molecular
subtyping of breast tumors. A: estrogen receptor status, B: progesterone receptor
status, C: molecular subtypes of breast cancer. ER = estrigen receptors, PR =
progesterone receptors, - = negative, + = positive, LUumA = Luminal A, LumB =
Luminal B, HER2 = HER2-amplified, and TN = triple-negative. The data are
represented in box plots (min-max). * indicates p < 0.05.

Correlations were identified between salivary TRAP values and some
parameters associated with a worse prognosis of breast cancer (Table 3), such as
the absence of estrogen receptors (R = -0.1881), absence of progesterone
receptors (R =-0.1837), increased ki67 proliferation index (R = 0.1697), occurrence
of the triple negative molecular subtype (R=0.2078) and occurrence of distant

metastasis (R = 0.1080). The p-values of all correlations were > 0.05.
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Table 3 — Spearman’s correlations.

Source:

TRAP
TRAP VS. TRAP [TRAP [TRAP
VS. TRAP Lymphnis. VS. VS.
TRAP [TRAP [TRAP [Moleculyvs. TRAP |ode distant risk chemor
VS. VS. VS. ar Tumor Vs. metastametastalstratific esistan
ER PR KI67 subtypegsize Grade [sis Sis ation [ce
Spearm - 0.00165 -
an R -0.1881 |-0.1837 0.1697 |0.2078 [0.017050.04187 5 0.1080 |0.0252010.07179
-0.4341 -0.4304 |-0.1055 [0.06883}-0.2837 -0.2310 |-0.2967 |-0.2155 -0.2443 -0.3564
to to to to to to to to to to
IC 95% |0.08401 [0.08858 [0.4207 [0.4548 [0.2520 [0.3087 [0.2936 [0.4101 [0.2911 [0.2250
p-value [0.1611 (0.1714 [0.2112 |0.1279 [0.8998 |0.7593 [0.9912 |0.5015 [0.8524 |0.6278

Author, 2024
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Regarding the correlation analysis between TRAP levels in saliva and blood,
we observed in Figure 2A that there is no significant correlation (R = 0.0013). In
figure 2B, we also observed that the numerical values of TRAP in blood are higher
than those found in saliva, but this difference was not significant. The minimum and
maximum values of the saliva samples maintained an average of 400 nM trolox,
while the values of the blood samples varied from 10 to 1200 nM trolox.
Furthermore, analyzing paired samples between blood and saliva individually, the

values do not have any correspondence (Figure 2C).
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Figure 2B
Source:
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Source: Author, 2024

Figure 2-Correlation between TRAP levels in salivaand blood. In A, regression
analysis shows no correlation between TRAP levels in blood and saliva (R =
0.0013). In B, mean saliva and blood range. In C, individual levels of TRAP in saliva
(blue lines) and blood (orange lines).

DISCUSSION

In this study, we demonstrated that the antioxidant profile of saliva presents
significant variations depending on the clinical profile of breast cancer. Using the
TRAP technique, we detected changes in salivary antioxidant levels that correlated
with essential parameters for determining breast cancer prognosis, especially the
hormone receptor profile and tumor molecular subtyping. As far as we know, this
information is new and adds a lot to the discovery of breast cancer biomarkers with
clinical applications.

The assessment of antioxidant capacity using the TRAP technique consists
of a high-sensitive tool capable of detecting minimal variations in the low molecular
weight antioxidants present in the sample. Despite not being specific to a type of
antioxidant, the TRAP profile provides a general overview of the balance of oxidative
stress, as it can assess the consumption of low molecular weight non-enzymatic
antioxidant defenses, such as uric acid, carotenoids, glutathione and tocopherols,
by lipoperoxides produced as a result of the generation of oxidative stress (Barreiros
et al., 2006; Evelson et al., 2001).

Although there is no data on the consumption of TRAP in saliva, studies have
shown systemic variations in this parameter in patients with breast cancer. Herrera
and colleagues (2012) demonstrated that breast cancer patients have high levels of
systemic oxidative stress, with significant depletion of TRAP levels. The impairment
of plasma antioxidant capacity was accompanied by increased lipid peroxidation in
patients with advanced-stage breast cancer and correlated with episodes of disease
recurrence. The study of tumor TRAP reveals that its levels are higher in tumor
tissue compared to adjacent non-tumorous breast tissue, suggesting that breast

cancer cells need to maintain high antioxidant levels, possibly as a way of adapting
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to the inflammatory changes generated by the immune response against the tumor
(Panis et al., 2015).

Breast cancer is not a single disease, as it has distinct classifications
subdivided into four molecular subtypes whose clinical prognoses are different. We
demonstrated that breast cancer patients with tumors with positive estrogen and
progesterone receptors had lower salivary TRAP levels compared to samples with
negative receptor status. An increase in salivary TRAP was observed in patients
with tumors of the triple-negative molecular subtype when compared to those with
hormone-positive subtypes (Luminal A and B) and amplified HER-2.

Changes in immune response signaling capable of generating systemic
inflammation are described as a process expected for all molecular subtypes of
breast cancer (Panis et al., 2014). It is known that the inflammatory state is the
primary source of generation of systemic oxidative stress in cancer. Regarding
molecular subtypes, a distinct pattern of stress markers is produced depending on
the hormone receptor profile, as described by Herrera et al., 2012. Luminal tumors
present high levels of oxidative stress and inflammatory cytokines, while a distinct
profile was observed in triple-negative samples, with reduced levels of tumor
necrosis factor-alpha and increased both oxidative and nitrosative stress. These
findings suggest that the presence of hormone receptors affects the profile of
systemic inflammation generated in breast cancer and help us understand why we
observed different levels of antioxidants in the saliva of patients with triple-negative
tumors. In this sense, Victorino and collaborators (2014) demonstrated that
postmenopausal women produce higher systemic levels of TRAP as an adaptive
process to hormonal loss, suggesting that estrogen represents an important
systemic antioxidant defense against oxidative processes. These findings suggest
that, without hormone receptors, cells could increase their antioxidant capacity to
defend themselves from oxidative damage. It could help to understand the increase
in salivary TRAP observed in the triple-negative patients in our study.

Most studies on saliva focus on searching for specific biomarkers in cancer.
Greabu and collaborators (2009) discuss that saliva has a significant role in
controlling and modulating oxidative damage in the oral cavity. The antioxidant
action of saliva has the function of reducing lipid peroxidation generated by ingested
food, inhibiting the mutagenic potential of reactive species inducers. Exposure to

factors that cause oxidative stress is capable of generating changes directly in the
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salivary glands, affecting the profile of the saliva produced (Ungureanu et al., 2023).
For patients with oral cancer, salivary antioxidants such as glutathione consumption
have been identified as an important biomarker of oral squamous cell carcinoma
(Zhou et al., 2023). In breast cancer, increased salivary antioxidant capacity has
been related to the occurrence of aggressive breast cancer, especially the presence
of a mutation in the BRCA1 repair gene (Sawczuk et al., 2019), which reinforces the
importance of our findings in patients with triple-negative tumors.

Our study did not demonstrate any significant correspondence between
antioxidant levels in the saliva and blood of breast cancer patients, demonstrating
that the composition of saliva does not necessarily mirror that of blood. TRAP levels
were higher in blood than in saliva, probably because blood oxidative challenges
are more significant than those in the oral cavity. A study carried out in healthy
individuals for 27 salivary inflammatory markers had similar findings to ours,
concluding that there is a low correlation between the levels of blood and salivary
markers (Williamson et al., 2012).

This study has limitations, including the modest sample size, which limited
the pairing of saliva and blood samples for analyses in clinicopathological
subgroups. Saliva volume resulted in the evaluation of only TRAP, without the
possibility of measuring other important molecules in the redox balance, such as
hydroperoxides or nitric oxide metabolites. Furthermore, other possible confounding
factors, such as food consumption profile and oral microbiota assessment, were not
subject to analysis. Despite this, our data demonstrated for the first time that there
is a correlation between the clinical presentation of breast cancer and saliva
antioxidant levels, especially in the molecular subtypes with the worst prognosis,
such as triple negative. More studies must be carried out to validate these findings
in a larger patient population through the search for additional markers of oxidative
stress.
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CONCLUSION

Although saliva is one of the least recognized fluids in the human body, it
plays a fundamental role in oral health and maintenance, and is directly linked to
quality of life. Due to its vast network of information, saliva is a good source of
biochemical data on the general health/illness status of an individual in many
already established diseases.

The results of this study demonstrated that although no correlations were
found in the pairing between antioxidant levels in blood and saliva samples, it was
demonstrated that the levels of total antioxidants in saliva samples from women with
triple-negative breast cancer were higher compared to patients with estrogen and
progesterone hormone receptors. These results showed significant variations in
clinical pathological parameters indicative of worse prognosis such as triple negative
molecular subtype, high Ki67 tumors and occurrence of distant metastasis,

suggesting salivary TRAP as a possible marker for hormone negative breast cancer.
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6. ANEXO |

Termo de consentimento livre e esclarecido - TCLE

Titulx do Projeto: Mapeamento do cincer de mama familial no Sudoeste do
Farana e esiudo de associagio de nsco com 8 exposicao ocupacional a agrotdsicos.

Pesquisador responsavel: Profa Dra CAROLIMA PANIS - Telefones
(4389165316 e (46) 30571079

Convidamos wocé a participar de nossa pesquiss gue tem o objetivo de
identificar os casos de cancer de mama em mulheres que tem hisidra da doenga na
familia, gue moram na regido Sudoesie do Parand. Para isso serd realizada a coleta
de um tubo de sangue (10 mlL} e um tubo de saliva (1 mlL) para fazer os exames
necessanos para identificar porque alguns tumores de mama levam & doengas tio
agressivas. Durante a execugdo do projeto também vamos precisar de uma parte do
tecido tumoral que o médico ird remover duranie a sua cinergia ou gue foi coletado
para o diagndstico da doenga (na bidpsia). Também precisaremos consultar o
prontudrio médico, para saber informagies sobre sua =salde & sua ocupagdo de
trabalho. Para algum guestionamento, divida ou relaio de algum acontecimento os
pesquisadores  poderSo ser contatados a guakjuer momento, pelos telefones
(4389165316 e (46) 30553026. Estamos disponiveis para esclarecer quaisquer
dividas, a qualguer momento. Desta forma, vocd estd confribuindo para a
dentificagio de fatores que levam & alta incidéncia de canceres agressivos na nossa
regido. Esfe termo serad entregue em duas vias, sendo gue uma ficard com wocé. Vocé
ndo pagara nem recebera para participar do estudo. Seus dados ser&o mantidos em
sigilo, ou seja, minguém além dos pesguisadores ferd acesso ao material ou
informagbes coletadas. Estes dados serdo ulilizados somente para fins ciantificos.
Woc& poderd cancelar sua parlicipagio 8 qualquer momento. S8 necessitar da
maiores informacdes, o telefone do comité de ética @ 3220-32T72 e da pesguisadora
responsavel & 46 30553026. A coleta de material sera feita  dentro do Ceonc,
portanto qualquer imprevisio serd resolvido imediatamenie no local. Ao término do
projeto, se a pesquisa identificar que a sua doenga se classifica como cancar familial,
vocé serd 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. Mome do
sujeito de pesquisa ou responsavel:

Aesinatura:
CPF:

Eu, , dedaro que forneci lodas as informagdes do projeto ao
participante efou responsavel.
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ABSTRACT

Breast cancer (BC) is a helerogenecus and complex disease wilh distinet
bislogical subtypes and saveral risk factors. The investigated BC biomarkers in saliva
constitute a promising indicator of health, both oral and systemic disease stabus.
Considering the role of antioxidants in the genesis and progression of BC, using saliva
o assess the patient's antioxidant capacity may represant a relevant strategy. Therefors,
this study aimed to investigale the antioxdidant capacity of saliva samples from patients
with BC and its correlation with aspects that defermine the prognosis of the disease in
134 women with BC. Total antioxidant capacity (TRAP) was assassed using the high-
sensitivity chemiluminescence technique. We observed significantly reduced salivary
TRAF levals in women with tumors positive for estrogen and progesterone receplors
(p=0.05). An increase in salivary TRAP was also observed in patients with triple-negative
tumors. Mo significant changes were absarved in ather clinical comparisons. Correlations
between reduced salivary TRAP levels, estrogen receplors (R=-0.1881), and
progesterane receptors (R=-0.1837). Positive corelations between TRAP levels and the
axprassion of the kBT proliferation index above 14% (R=0.1897) and with the presence
af the triple-negative tumor malecular subtype (R=0.2078). Correlation analysis of TRAP
levels in saliva and blood demonstrated no correspondence between them, and TRAP
levels in blood are higher than in saliva. These findings suggest salivary levels of TRAP
as a possible syslemic marker associaled with the occurrence of BC with clinical
characteristics of worse prognosis, such as triple-negative tumors and a high proliferation
indax.

Keywords: saliva, cxidative siress, antioxidant capacity, breast cancer.

INTRODUCTION

BC is one of the biggest public health problems in the world in 2020, and it has
become the mast diagnosed female malignancy globally, as well as one of the leading
causes of death (IARC, 2023). Thirty-four million new cases are predicted by 2070
(Soerjomataram, 2021). In Brazil, 704 thousand new cancer cases are expected in 2023-
2025. Around 10% of this number is related to female BC, which ranks second among
the most commaon malgnant wmoes in the country (Inca, 2023).

BC is a complex disease thal has a significant genelic range and several
malecular subtypes, which have distinet clinicopathological characteristies (Yeo; Guan,
2017; Kashyap et al, 2022). The last decades have been marked by intense
investigations and searches on the mechanisms and factors invalved in breast
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participation of oxidative stress as a detarminant of mutations in genetic material and the
maintenance of genomic instability (Hecht et al., 2016).

Owidative stress is characterized by the imbalance between the production of
reactive species and their neufralization by antioxidant defenses [Halliwell, 2022). The
damage caused to cells and the chronicity of this process without adequate repair by
antioxidants may hawve relevant implir.alinns for redox homeostasis and the al:inmgy af
BC (Barbosa et al, 2008). In this sense, several studies have demonstrated the
importance of characterizing systemic levels of antioxidants as a possible biomarker in
BC and its clinical significance, such as increased tumor anfioxidant capacity (Panis et
al., 2015), reduced systemic anfioxidant capacity | Herrera ef al., 2014) and changes in
plasma antioxidant levels after chematherapy (Panis et al, 2012; Lemas et al., 2015).

The search for biomarkers in BC still has some limitations, mainly due to the
difficulty in obtaining samples due to the small size of the breast tumor mass or in
collecting blood and body fluids invasively. In this context, saliva has been identified as
a pramising source for discovering possible biomarkers in cancer (Wang et al, 2017).
The sialechemistry demonstrates thal saliva containg biomalecules that are also presant
in the blood, suggesting a new source for oblaining biochemical data on systemic
diseases and a new possibility for complementary non-invasive testing (Movy, 2014).

Considering the importance of anticxidants in BC and that there are no studies
using saliva as a source for this analysis, this study investigated anfioxidant levels in the
saliva of women with BG and evaluated their correlation with the clinical aspects
determining prognosis in the disease.

METHODS
Study design

The present proposal corresponds to a study with a mixed design, refrospective
and prospective, qualitative and guantitative, with patients treated at the Francisco
Belrdc-FR Cancer Hospital (Ceonc) between 2015 and 2022 to invesligale lesions
suggestive of BC. This study is appraved by the Instituional Ethics Committes under
CAAE 35524814.4.0000.0107, under ethics opinion number 5.129.064.

The inclusion criteria were used: diagnosis of BC confirmed by biopsy, CDI
histological type (infiltrating ductal carcinoma), with paired collection of blood and saliva.
Exclusion critéria: samples without blond or saliva pairing, samplas with insufficiant
quanfities for processing, and patients undergaing chemotherapy. This study consisted
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af 134 women who participated voluntarily and signed the free and informed consant
farrm {ICF).

A guestionnaire was applied to collect clinicopathological data from patients,
which, togather with the consultation of medical records data, aimed to obfain the
following infarmation:

a) Histopathological characterization and diagnosis of the biopsy: The result of the
microscopic analysis of the biopsies provided by the Pathologist at Ceonc was
categorized as the absence of lesions, benign breast lesions, COI, or other malignant
changes in the breast. For histopathaological categorization, evaluation criteria related fo
hisiological grade were adopted (1- well differentiated, 2- moderataly differentiated, or 3-
poarly differentisted), edge involvement, and presance of angiolymphatic embali. Data
relating to the macroscopic characterization of the biopsy were also wsed regarding
tumor size, the number of lymph nodes positive for bumor cells upon microscopy analysis,
and the presence of a sentinel lymph node. Immunohistochemical analyses were
performed in biopsies positive for COH fo evaluate the expression of estrogen and
progesterone receptors, HERZ overexpression, and ki6T proliferation index. The
combination of these results was used to categonze biopsies into the molecular subtypes
of BC: Luminal A (ER and/or PR positive and kiET=14%), Luminal B (ER andior PR
positiva, kiGT 2z14%, HERZ amplified: any value of ER, PR and kiB7, with amplification
af HER2 or triple-negative: without expression of ER, PR and HERZ and any walue of
KiET);

b} Determination of the patient's clinical profile: determined from clinical data obtained
during the medical consultation and from medical records, and refers to the following
items: ape at diagnosis (categorized undar ar over 50 years), body mass indax - BMI
(categorization into narmal BMI: BMI up 1o 26 kg/me, ovenweight: BMI between 26.1 and
30 kg/m?® or obesity: BMI above 301 kg/m®) and menopausal status atl diagnosis

(presence or absence).
Sample obtention

hittpss ime0d manuscripteentral.comybor-sciela

Page 4 of 20

71



Page 5 of 20

B i h L f L b —

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

Brazilian Oral Reseandh

Peripheral heparinized blood samples were collected, on average 10 mL per
patient, precperatively, and cenfrifuged at 4000 rpm for 5 minutes to separate the
plasma. Saliva samples were collected in individual plastic tubes through spontaneous
salivation without stimulation. All patients were fasting for at least 8 hours. The samples
werna collected simultaneously and stored in a freezer at -200C until analysis.
Assessment of total antioxidant capacity by high sensitivity chemiluminescence
(TRAP)

The compound 2 2'azobis (ABAP) reacts with lipids present in the sample to farm
lipoperoxides. This reaction emits pholons in low quantiies, not detectable by
specirophotometry. Luminol, a compound mare unstable than lipoperoxides and capable
af capturing their unpaired electrons, is added to amplify the luminometers light and
signal emission. The greater the amount of antioxidants present in the sample, the
greater the delay in the rise of the ABAP curve, which cormespands to the impediment in
the formation of ipoperoxides due to the lavel of low malecular weight antioxidants. The
reaction mixture consists of 50 ul of saliva or plasma dilufed 1:50, 850 ul of glycine
buffer pH 8.8, 50 ul of luminol solution (0.0398 mgimL) and 50 ulL of ABAP solution
(54 24 maimlL). Tralox (B-hydiowy-2 5 B-tetrameathylchroman-2-carboxylic acid), a water-
soluble analeg of a-tocopheral, was used as a reference standard antioxidant substance.
The results wene analyzed using the OnginLab 7.5 software and expressed in oM of
Trolox, based on the ABAP curve’s inhibition profile compared 1o the standard Trolox
solution (REFPETO et al., 1996).

Data analysis

For each variable, Fisher's test for independence was performed to analyze the
asspciation betwesn calegories and groups. In injury situations assuming a minimum
expected frequency of 5, the Monte Caro method was used as an association fest, with
5% significance. The objective of this test is the same as that of the Chi-square test far
indapendence. However, it is statistically more robust when the assumplions are not
verified. Data were presented as means+standard error of the mean. Data distribution
was done using the Shapino-Wilk tesl. Therafore, varables with normal distribution were
analyzed wilh parameftric tests. When the assumption of normality was not met, non-
paramelric tests were used. Differences belween groups were assessed using the
Student's --lest for parametric data or the Mann-Whitney test for non-parametric data. In
the case of more than two comparison groups, the One Way AMOVA test was used,
followed by the Bonferroni or Tukey test as post-hoc For corelation analysis, the
Spearman flest was used. A value of p<0.05 was considered significant. All statistical
analyses were conducted in Graphpad Prism software version 9.0 (Graphpad soffware,
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San Diaga-CA, USAj, using the: quickcales online fool
{hitpcitwener graphpad comdquickcaleslgrubbst cfm)  for  the  detection of  outlier
individuals. Mo outliers were identified in this study.

RESULTS

Tahle 1 presents the clinicopathological profile of the patients included in the
study. It can be observed that 67.1% were positive for estrogen receptars, with a
prevalence of 57 6% of the Ki67 tumor proliferation index in tumars greater than or equal
to 2 cm and a predominance of the Luminal & molecular subtype (41.5% ). There is also
a predominance of non-menopausal patients (55.8%) aged ever 50 years (B7.68%) and
averweight (67.3%).

In Table 2, we obsarve the TRAP values according to the dinicopathological
paramaters of the patients evaluated. In the categorization of tumors for the kBT index
below 14%, the values varied betwean 10,328 and 251 478 nl of trolox, and in the group
with KiG7 equal to or above 14%, the values varied from 1,500 to 273,128 nM of frolo.
The values for the group of tumors below 2 em ranged from 18787 to 209811 nM of
tralox, and far the tumors equal fo or above 2 cm, the values were from 1500 te 273128
ni of trodox.

For patients with histological grade 1 and 2 tumors, TRAP lavels ranged from
1500 to 251478 nM, and those with grade 3 tumors ranged from 25531-273128 nM
trolox. The TRAP values considering the presence of lymph node metastasis were
A5756- 191522 nM of trolax, and for the group without lymph node meatastasis, the values
ranged from 72889 to 251478 nM of trolox. Patients with distant metastasis presented
valuwes batwaen 19214 and 208811 nM of fralax. The values for the group withouwt distant
metastasis were 1500 to 251478 nM of trolox. Patients with a low-risk stratification of
death and recurrence had wvalues ranging from 3305 to 2480598 nM of frolo
Intermediate-rick patients presented values of 1500 to 251478 aM of trolox, and high-
fisk patients values batween 19214 and 273128 nM of trolos. Finally, patients responsive
to freatment presented values bebween 316834 and 273128 nM of trolox, while
chemorasistant patients presented values between 1500 and 251478 nM of trolox. Mo
comparison showed statistical significance between the variables in this table (p= 0.05,
Fisher's test).

Figure 1A shows the comparison between the salivary TRAP levals of patients
with BC according to the tumor estrogen receptor expression. It was observed that
samples wilh positive expression for the estrogen receplor had a lower TRAP compared
1o samples with negative status. The ranges varied between 1 and 480 nM of Trolax far
ER+ and from 50 ta 500 nM for ER- (p = 0.048).
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In Figure 1B, a salivary TRAP profile for patients is observed according to the
expression of progestarana recaptars in the tumor fissue, whars those with breast tumars
with positive PR expression showed lower TRAP than those with negative tumar
axprassion. ER+'s minimum and maximum ranges for ER+ were 1 to 480 nl and 50 1o
500 b trolox for ER-, (p = 0.044).

In Figure 1C, salivary TRAP increases in patients with tumars of the triphe-
negative malecular subtype compared lo those with the Luminal &, Luminal B, and HER2
sublypes. The minimum and maximum values found for triple-negative ranged fram 30
1o 480 nM: for Luminal B, they ranged from 50 to 420, and Luminal A values ranged fram
1 to 500 niM (p = 0.041).

Correlations were identified betweaen salivary TRAP values and some paramatars
associated with a worse prognosis of BC (Table 3), such as the absance of estrogen
receptors (R = -0.1881), absence of progesterone receplors (R = -0.1837), increased
K7 profiferation index (R = 0.1687), sccurence of the triple negative molecular sublype
(R=0.2078) and occurrence of distant metastasis (R = 0.1080). The pvalues of all
cormelations wera > 0.05.

Regarding the correlation analysis between TRAP levels in saliva and blood, we
obeerved in Figure 24 that there is no significant correlation (R = 0.0013). In figure 28,
we also observed that the numerical values of TRAP in blood are higher than those found
in saliva, but this difference was nat significant. The minimum and maximum values of
the galiva samples maintained an average of 400 nM trolox, while the valuas of the blood
samples varied from 10 to 1200 M frolox. Furthermare, analyzing paired samples
between blood and saliva individually, the values do not have any correspondence
(Figure 2C).

DISCUSSION

In this study, we demonstrated that the antioxidant profile of saliva presents
significant variations depending on the clinical profile of BC. Using the TRAP technique,
we detected changes in salivary antioxidant levels that comelated with essential
paramaters for determining BC prognosis, especially tha harmone receplor profile and
tumer molecular subtyping. As far as we know, this information is new and adds a lot o
the discovery of BC biomarkers with clinical applications.

The assessment of antioxidant capacity using the TRAP technigue consists of a
high-sensitive toel capable of detecting minimal variations in the low molecular weight
antioxidants presant in the sample. Despite not being specific to a type of antioxidant,
the TRAP prafile provides a general overview of the balance of oxidative stress, as it can
assess the consumption of low molecular weight non-enzymatic antioxidant defenses,
such as uric acid, caratencids, glutathione and tocopherals, by lipoperowides produced
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as a result of the generation of oxidative stress (Barreiros et al., 2006, Evelson et al.,
2001).

Although there is no data on the consumption of TRAP in saliva, studies have
shown systemic variations in this parameter in patients with BC. Herrera and colleagues
(2012} demanstrated that BC patients have high levels of systemic oxidative stress, with
significant depletion of TRAP levels. The impaiment of plasma antioxidant capacity was
accompanied by increased lipid peroxidation in patients with advanced-stage BC and
camalated with episodes of disease recurrence. The study of tumor TRAP raveals that
its levels are higher in tumor tissue compared fo adjacent non-tumorous breast tissue,
suggesting that BC cells need to maintain high antioxidant levels, possibly as a way of
adapting to the inflammatory changes generated by the immune response against the
turmor (Panis et al., 2015).

BC iz not a single disease, as it has distinct classifications subdivided into four
malecular sublypes whose clinical prognoses are different. We demonstrated that BC
patients with tumars with positive estrogen and progesterone receptors had lower
salivary TRAP levels compared to samples with negative receplor status. An increase in
salivary TRAP was observed in pabents with tumars of the triple-negative malecular
subtype when compared to those with hormone-positive subtypes (Luminal A and B) and
amplified HER-2.

Changes in immune response signaling capable of generaling systemic
inflammation are described as a process expected for all molecular subtypes of BC
(Panis et al., 2014). It i& known that the inflammatory state is the primary source of
generation of systemic oxidative stress in cancer. Regarding molecular subtypes, a
distinct pattem of stress markers is produced depending on the hormone receptar profile,
as described by Herrara ef al, 2012, Luminal tumars present high levels of oxidative
strass and inflammatory cytokines, while a distinet profile was abserved in triple-negative
samples, with reduced levels of tumor necrosis factor-alpha and increased both oxidative
and nitrasative stress. These findings suggest that the presence of hormone receptors
affects tha profile of systemic inflammation generated in BC and help us understand why
we observed different levels of antioxidants in the saliva of patients with triple-negative
tumers. In this sense, Victoring and collaborators (2013} demonstrated  that
posimenopausal women produce higher systemic kevels of TRAF as an adaptive process
to harmonal loss, suggesting that estrogen represents an important systemic antioxidant
defense against oxidative processes. These findings suggest that, without hormone
receplors, cells could increase their antoxidant capacity 1o defend themselves from
axidative damage. It could help fo understand the increase in salivary TRAP obsered in
the triple-negative patients in our study.
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Most studies on saliva focus on searching for specific biomarkers in cancer.
Greabu and collaborators (2009) discuss that saliva has a significant rale in controlling
and modulating oxidative damage in the oral cavity. The antioxidant action of saliva has
the function of reducing lipid peroxidation generated by ingested food, inhibiting the
mutagenic polential of reactive species inducers. Exposure to factors thal cause
oxidative strees is capable of generating changes directly in the salivary glands, affecting
the profile of the saliva produced (Ungureanu et al., 2023). For patients with oral cancer,
salivary antioxidants such as glutathiona consumplion have been identified s an
important biomarker of oral squamous cell carcinoma (Zhow et al., 2023). In BC,
increased salivary anfioxidant capacity has been related to the cccurrence of aggressive
BC, especially the presence of a mutation in the BRCAT repair gene (Sawczuk et al.,
2018), which reinforces the importance of owr findings in patients with triple-negative
fumors.

Our study did not demonstrate any significant correspondence between
antiaxidant lavels in the saliva and blood of BC patients, demonsirating thalt the
composition of saliva does nol necassarily mirmor that of blood. TRAP lavels wera higher
in biood than in saliva, probably because blood axidative challenges are more significant
than those in the oral cavity. A study camied out in healthy individuals for 27 salivary
inflammatary markers had similar findings o ours, concluding that there iz a low
corralation betweean tha levels of blood and salivary markers (Willamson et al., 2012).

Thig study has limitations, including the modest sample size, which imited the
pairing of saliva and blood samples for analyses in clinicopatholegical subgroups. Saliva
volume resulted in the evaluation of only TRAP, without the possibility of measuring othar
important molecules in the redox balance, such as hydroperoxides or nitric oxide
matabolites. Furthermona, other possible confounding factors, such as food consumplion
profile and oral microbiota assessment, were nol subject to analysis. Despile this, our
data demonstrated for the first time that there is a correlation between the clinical
presentation of BC and saliva anfioxidant levels, especially in the molecular subtypes
with the worst prognosis, such as triple negative. More studies must be carmied out to
validate thesa findings in a larger patient population through the search for additional
markers of oxidative stress.
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CONCLUSION

Although saliva is ane of the least recognized fluids in the human body, it plays
a fundamental role in health. The results of this study demonstrated that althaugh no
comelations were found in the pairing between antioxidant levels in blood and saliva
samples, it was demonstraled that TRAP in saliva samples from women with triple-
negative BC were higher compared to patients with estrogen and progesterone hormone
receplors. These results showed significant variations in clinical pathological parameters
indicative of worse prognosis such as friple megative maolecular sublype, high Kis7
turmprs and occurrence of distant metastasis, suggesting salivary TRAP as a possible
marker for hormone negative BC.
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FIGURES

Figure 1 = TRAP levels according to hormonal receptors status and molacular
subtyping of breast tumors. A: estrogen receptor status, B: progesterone receptar
status, C: molecular subltypes of BC. ER = estrigen receptors, PR = progesterons
raceplors, - = negative, + = positive, LumA = Luminal A, LumB = Luminal B, HERZ =
HERZ-amnplified, and TN = triple-negative. The data are represented in box plats (min-
max). * indicates p < 0.05.

Figure 2 = Correlation between TRAP levels in saliva and blood. In A, regression
analysis shows no correlation babwean TRAP leveals in blood and saliva (R = 0.0013). In
B, mean saliva and blood ranga. In C, individual levels of TRAP in saliva (blua linas) and
bload (orange lines).
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TABLES

Table 1 - Clinicopathological characteristics of patients included in the study.
Table 2 - TRAP levels according to clinicopathological characteristics of patients.
Table 3 = Spearman’s correlations.
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Y
Megative: 32 9%
Estrogen receptor Positive: 67.1%
Progesterone receptor Megative: 55.6%
Positive: 44 4%
ki&T proliferation index <14%: 42 4%
214%:57.6%

Molecular subtype

Luminal A:41.5%
Luminal B:24 6%

HER-2 amplified:6.2%
Triple-negative:27.7%

=2 cm: 80%
Tumor size (cm) =2 em 0%
Low: T8.7%
Histological grade High : 21.3%
Mormal: 32.7%
Body mass index (kg/m?) Excess: 67.3%

Age at diagnosis

> 50 years: 67 6%

5 50 years: 32 4%

Mo: 55.8%
Menopause at diagnosis Yesd4 2%
httpsdmedd manuscripteentral.cormy bor-scielo
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Table 2
Min-max (nM trolox) P-value
Ki6T proiliferation index <14%: 10328- 251478 0.1873
214%: 1500-273128
Tumaor size <2cm 16767 - 208811 0.4632
=2cm: 1500-273128
Histological grade Low: 1500- 251478 0.7080
High: 25531- 273128
Lymphnode metastasis Presence: 35756- 0.8549
191522
Absence: T2B89-251478
Distanto metastasis Yes: 19214-209811
Mo: 1500- 251478 0.5046
Risk stratification for Low: 3305-248098 0.7866
reccurrence and death |\ iermediate: 1500-
251478
High: 18214-273128
Yes: 31634-273128 0.7633

Chemoresistance

Mo: 1500- 251478
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Table 3
TRAP TRAP TRAP

TRAP TRAP TRAP RAP  vs[TRAP TRAP vs. s, s. TRAP

V5. NS V. olecular s, VS, lLymphnode |distant risk VS,

ER PR KIET subtype [Tumor size [Grade Imetastasis  metastasis [stratificationchemoresistance
Spearman R [o.1881 0.1837 p.16a7 p.z078 lo01705  poO4187  [D.001658 D.1080 D.02520 0.07179

[0.4341  td04304 1f0.1055 wfo06883 102837 102310 td-0.Z0ET tol0.2155 1d0.2443 o
IC 85% 008401 [ 08858 p.4207 D.4548 2520 3087 10.2936 04101 p.2o11 0.3564 to 0.2250
p-value 01611 01714 p2z112 01279 D-8298 p7593 09912 0 5015 D.8524 06278
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Figure 2 (2A; 2B; 2C)
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