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RESUMO

PEREIRA, Nathalia de Sousa. Estresse cronico, virus do tumor mamario humano
(MMTV-like) e polimorfismos de genes envolvidos na resposta antiviral:
possiveis fatores associados ao cancer de mama. 2022. 144 f. Tese (Doutorado em
Patologia Experimental) — Universidade Estadual de Londrina, Londrina, 2022.

Cancer de mama (CM) é uma doenga heterogénea e complexa cuja evolugao
depende da interagdo entre tumor e hospedeiro. Esta neoplasia ocorre quando células
mamarias comegam a proliferar descontroladamente, e assim podem invadir tecidos
adjacentes e promover metastases. O CM é um dos tipos de cancer mais estudados
do ponto de vista psicossomatico, porém resultados controversos estdo presentes na
literatura sobre o papel que os estressores da vida pregressa e o estresse geral
exercem no cancer ou na influéncia sobre o curso da doenca. Além disso, a
identificacdo de uma sequéncia similar ao virus do tumor mamario de camundongo
(MMTYV), denominada virus do tumor mamario humano (MMTV-like), tem suportado a
teoria do envolvimento viral na patogénese do CM humano. No entanto, varias
questdes ainda ndo estdo esclarecidas, como os mecanismos da resposta imune
antiviral em pacientes com tumores positivos para a presenga do DNA MMTV-like.
Dessa forma, esse trabalho objetivou investigar o envolvimento e as implicagdes do
estresse cronico, do MMTV-like e mecanismos da resposta imune antiviral em
pacientes diagnosticadas com CM atendidas no Hospital do Cancer de Londrina. Com
relacado ao estresse crénico, as mudangas emocionais foram avaliadas pela Escala de
Estresse de Holmes e Rahe, na qual 55,2% das pacientes apresentavam médio risco
e 13,8% alto risco para desenvolver estresse cronico no periodo anterior ao
diagnostico de CM. Os maiores niveis de estresse foram apresentados por pacientes
separadas, divorciadas ou viuvas em comparagao as casadas (p <0,01) e solteiras (p
= 0,0377). O grupo de alto risco apresentou menor propor¢ao de positividade para
receptor de estrogénio quando comparado aos grupos de baixo e moderado risco (p=
0,001). Além disso, foi realizada uma analise de regressao logistica binaria e
constatamos que a relagédo entre o receptor de estrogénio e o grupo de alto risco
estava independentemente associada ao tipo histoldgico do CM e acometimento de
linfonodos. A relagdo de experiéncias de vida estressantes e CM ndo esta bem
estabelecida, por isso nosso estudo colabora com a literatura para demonstrar a
importancia do estresse como fator associado ao desenvolvimento de CM. A producéao
de IFN-y parece nao estar associada a presenca do DNA MMTV-like e
consequentemente a patogénese do CM. Porém foi verificado que os niveis
plasmaticos de IFN-y foram significativamente menores em amostras de CM (30,85 *
57,49 pg/mL) comparados com o grupo controle (115,00 + 176,80 pg/mL) (p <0,0001).
No entanto, os niveis plasmaticos mais elevados de IFN-y foram observados em
pacientes com grau histopatolégico avangado, indicando uma correlagdo com o pior
prognostico da paciente com CM. Uma fonte interessante de mutagdes de DNA sao
as enzimas citidina deaminases, pertencentes a familia da enzima de edigdo de RNAmM
de apolipoproteina B, semelhante ao polipeptideo catalitico 3 (APOBEC3), que sao
ativadas em uma resposta celular contra a infecgcdo. Essas enzimas sao capazes de
gerar mutagcdes pontuais no genoma da célula hospedeira, possibilitando a
transformagao maligna. Portanto, no presente estudo objetivamos avaliar também a
associagao dos gendtipos do polimorfismo de delecao APOBEC3B (APOBEC3



A3A/B) com a deteccao do gene env MMTV-like em pacientes com CM. Foi observada
auséncia de associagcdo entre a presenga do gene env do MMTV-like com os
gendtipos do polimorfismo A3A/B. O gendtipo selvagem (WT/WT) estava presente em
86,1% das amostras de CM e o gendtipo heterozigoto (WT/Del) em 13,9% dos
pacientes. Considerando as amostras negativas do MMTV-like, o genétipo WT/Del foi
negativamente correlacionado com o estadiamento do tumor (Tau-b = -0,151; p =
0,044). Em amostras MMTV-like positivas, o genétipo WT/Del foi negativamente
correlacionado com a idade ao diagnostico (Tau-c = -0,382; p = 0,009) e a
positivamente correlacionada com a expressao do receptor de estrogénio (Tau-b =
0,179; p = 0,041). A proteina p53, conhecida como supressora de tumor, € capaz de
ativar a expressao de diversos genes associados a resposta imune inata e a
transcricdo do gene TP53 é induzida pela sinalizagdo dos IFNs do tipo I. Diversos
virus, que ja foram associados ao desenvolvimento tumoral, podem inibir, direta ou
indiretamente, a atividade da p53. O gene que codifica a proteina p53, TP53, possui
um polimorfismo de nucleotideo unico (SNP), o rs1042522 (Arg72Pro), e é conhecido
que a presencga de Arginina (Arg) induz a apoptose, enquanto a presenca de Prolina
(Pro) induz bloqueio do ciclo celular e reparo do DNA. Neste contexto, foi observada
auséncia de associagdo entre a presenga do gene env do MMTV-like com os
gendtipos do polimorfismo rs1042522 do gene TP53. Foi observado que o gendtipo
Pro/Pro conferiu protecdo ao desenvolvimento do CM (p<0,0289; OR: 0,33; IC: 0,12-
0,88). No CM geral, foi observada correlagao positiva entre os gendétipos Arg/Arg e
Arg/Pro e a idade (Tau-c = 0,143; p = 0,025) e o portador do alelo Pro e o grau
histopatolégico (Tau-b = 0,162; p = 0,016). Ao analisar as amostras negativas para o
DNA do MMTV-like, foi possivel verificar que portadores do alelo Pro foram negativos
para a presenca da mutacdo somatica de p53 (Tau-b = -0,166; p = 0,032). Este
trabalho mostra que diferentes fatores, sendo eles genéticos, ambientais e sociais,
podem influenciar a suscetibilidade e/ou progndéstico da doenga, enfatizando o carater
multifatorial do carcinoma mamario.

Palavras-chave: neoplasia mamaria; prognostico; polimorfismos genéticos; fatores
de risco; citocinas.



ABSTRACT

PEREIRA, Nathalia de Sousa. Chronic stress, human breast tumor virus (MMTV-
like) and gene polymorphisms involved in the antiviral response: possible factors
associated with breast cancer. 2022. 144 p. Thesis (Doctorate in Experimental
Pathology) — Londrina State University, Londrina, 2022.

Breast cancer (BC) is a heterogeneous and complex disease whose evolution depends
on the interaction between tumor and host. This neoplasm occurs when breast cells
begin to proliferate uncontrollably, as they can invade adjacent tissues and promote
metastases. BC is one of the most studied types of general cancer from a
psychosomatic point of view, but controversies are present in the literature about the
role that previous life stressors and stress play in cancer or in the influence on the
disease course. Furthermore, the identification of a sequence similar to mouse
mammary tumor virus (MMTV), termed human mammary tumor virus (MMTV-like), has
supported the theory of viral involvement in the human BC pathogenesis. However,
several issues are still unclear, such as the mechanisms of antiviral response in
patients with positive immunoglobulin for the presence of MMTV-like DNA. Thus, this
work should investigate the involvement and objectives of effective stress, of the
MMTV-like type and mechanisms of the antiviral response in patients diagnosed with
BC treated at the Londrina Cancer Hospital. Regarding chronic stress, emotional
changes were assessed using the Holmes and Rahe Stress Scale, in which 55.2% of
the patients were at medium-risk and 13.8% at high-risk for developing chronic stress
in the period prior to BC diagnosis. The highest levels of stress were presented by
separated, divorced or widowed patients compared to married (p< 0.01) and single (p
= 0.0377). The high-risk group had a lower proportion of estrogen receptor positivity
when compared to low- and moderate-risk groups (p= 0.001). In addition, a binary
logistic regression analysis was performed, and we found that the relationship between
estrogen receptor and high-risk group was independently associated with BC
histological type and lymph node involvement. The relationship between stressful life
experiences and BC is not well established, so our study collaborates with the literature
to demonstrate the importance of stress as a factor associated with the development
of BC. The production of IFN-y do not seems to be associated with the presence of
MMTV-like DNA and, consequently, with the BC pathogenesis. However, it was found
that IFN-y plasma levels were significantly lower in BC sample (30.85 + 57.49 pg/mL)
compared to the control group (115.00 £ 176.80 pg/mL) (p< 0.0001). Nevertheless,
higher plasma levels of IFN-y were observed in patients with advanced
histopathological grade, indicating a correlation with the worse BC prognosis. An
interesting source of DNA mutations is the cytidine deaminase enzymes belonging to
the catalytic polypeptide 3 (APOBEC3) apolipoprotein B mRNA editing enzyme family,
which are activated in a cellular response against infection. These enzymes are
capable of generating point mutations in the host cell genome, enabling malignant
transformation. Therefore, in the present study we also aimed to evaluate the
association of APOBEC3B deletion polymorphism (APOBEC3 A3A/B) genotypes with
the MMTV-like env gene detection in patients with BC. There was no association
between the presence of the MMTV-like env gene and the genotypes of the A3A/B
polymorphism. The wild type (WT/WT) was present in 86.1% of the BC samples and
the heterozygote genotype (WT/Del) in 13.9%. Considering the MMTV-like negative



samples, the WT/Del was negatively correlated with tumor staging (Tau-b = -0.151; p
= 0.044). In MMTV-like positive samples, the WT/Del was negatively correlated with
age at diagnosis (Tau-c = -0.382; p = 0.009) and positively correlated with estrogen
receptor expression (Tau-b = 0.179; p = 0.041). The p53 protein, known as a tumor
suppressor, can activate the expression of several genes associated with the innate
immune response, and the transcription of the TP53 gene is induced by type | IFN
signaling. Several viruses, which have already been associated with tumor
development, have mechanisms capable of inhibiting, directly or indirectly, p53 activity.
The gene encoding the p53 protein, TP53, has a single nucleotide polymorphism
(SNP), rs1042522 (Arg72Pro), and it is known that the presence of Arginine (Arg)
induces apoptosis, while the presence of Proline (Pro) induces cell cycle blockade and
DNA repair. In this context, there was no association between the presence of the
MMTV-like env gene and the Arg72Pro. It was observed that the Pro/Pro genotype
conferred protection to BC development (p<0.0289; OR: 0.33; Cl: 0.12-0.88). In the
general BC, a positive correlation was observed between the Arg/Arg and Arg/Pro
genotypes and age (Tau-c = 0.143; p = 0.025) and the histopathological grade (Tau-
b=0.162; p = 0.016). When analyzing the samples negative for MMTV-like DNA, it was
possible to verify that the carrier of the Pro allele were negative for the presence of the
somatic mutation of p53 (Tau-b = -0.166; p = 0.032). This work shows that different
factors, being genetic, environmental and social, can influence the disease
susceptibility and/or prognosis, emphasizing the multifactorial character of breast
carcinoma.

Key words: breast neoplasm; prognosis; genetic polymorphisms; risk factors;
cytokines.
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14

1 INTRODUGAO

Nas ultimas décadas, o cancer vem adquirindo relevancia crescente,
tornando-se um grave problema de saude publica mundial, visto que este esta entre
as quatro principais causas de morte prematura na maioria dos paises. Os principais
fatores envolvidos no aumento da incidéncia e da mortalidade por cancer no mundo
sao o envelhecimento, o crescimento populacional e mudangas na prevaléncia dos
fatores de risco, principalmente os relacionados ao desenvolvimento socioeconémico
(SUNG et al., 2021). Para o ano de 2020, a estimativa mundial foi de 19,3 milhdes
de novos casos de cancer e 10 milhdes de mortes causadas por essa doenca
(SUNG et al., 2021). Ja no Brasil, a estimativa do Instituto Nacional do Cancer José
Alencar Gomes da Silva (INCA), para o triénio de 2020-2022, aponta a ocorréncia de
cerca de 625 mil novos casos de neoplasias malignas ao ano (INCA, 2019).

O cancer é caracterizado pela proliferacdo desregulada de células
malignas que surgem a partir de alteragdes essenciais na fisiologia celular, as quais
contribuem para o crescimento dos tumores. HANAHAN e WEINBERG (2000)
descreveram algumas caracteristicas importantes presentes nas células tumorais,
consideradas como marcas registradas, sendo elas: a sustentagdo da sinalizagao
proliferativa, a evasao dos supressores de crescimento, a resisténcia a morte celular,
o potencial de replicagdo ilimitado, a indugdo da angiogénese e a capacidade de
invasao celular e metastase. Com o avanco dos estudos, os autores acrescentaram
outras caracteristicas importantes adquiridas pela célula tumoral, como a
instabilidade genémica, a inflamagado promovida pelo tumor, a reprogramagéo do
metabolismo energético e a evasao da destruicao pelo sistema imune (HANAHAN e
WEINBERG, 2011). E mais recentemente, HANAHAN (2022) atribuiu outras
caracteristicas a célula tumoral e ao microambiente, como a plasticidade fenotipica,
a reprogramacado epigenética, os microbiomas polimorficos e as células
senescentes.

A maioria dos tipos de canceres humanos sao decorrentes de
mutacdes somaticas resultantes da interagcdo entre diversos fatores de risco,
podendo ser fatores intrinsecos ou nao-intrinsecos. Os fatores ditos intrinsecos séo
aqueles referentes a mutagdes espontaneas inevitaveis, sendo resultado de erro
aleatério na replicagao do DNA. Ja nos fatores nao-intrinsecos estao incluidos os

fatores externos modificaveis, como a exposi¢do a algum carcindbgeno e uso de
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xenobidticos; fatores associados ao estilo de vida, como o tabagismo, o
sedentarismo, uso de terapias hormonais e consumo de alcool; e fatores endégenos
relacionados as caracteristicas individuais, como o metabolismo, niveis de
hormdnios, sistema imunologico e a resposta a danos no DNA (WU et al., 2018).
Dessa forma, a etiologia do cancer pode ser considerada multifatorial e genética, e
nao necessariamente hereditaria (PERERA, 1997).

Embora a célula tumoral represente o principal foco no
desenvolvimento de uma neoplasia, € importante considerar que a massa tumoral
nao é composta apenas de células neoplasicas. O ambiente celular no qual
coexistem tanto células tumorais quanto células-tronco neoplasicas € denominado
de microambiente tumoral, estas células presentes no tumor possuem a capacidade
de autorrenovacédo e de promover a tumorigénese (GRIVENNIKOV, GRETEN e
KARIN, 2010). O microambiente tumoral engloba as células imunoldgicas
circundantes, vasos sanguineos, matriz extracelular, fibroblastos, células
inflamatdrias derivadas da medula 6ssea e moléculas de sinalizagdo (SPILL et al.,
2016). As interagbes presentes entre os componentes do microambiente afetam o
desenvolvimento e progressdo tumoral (BALKWILL, CAPASSO e HAGEMANN,
2012).

1.1 CANCER DE MAMA

O cancer de mama (CM) é um grave problema de saude publica,
considerando o numero de mulheres que sao diagnosticadas e de o&bitos que
acontecem anualmente por esta doenga. A estimativa da incidéncia global deste tipo
de céncer foi de 2,3 milhdes de novos casos no ano de 2020; sendo considerada a
quinta causa de morte decorrente de cancer em todo mundo, contabilizando 685 mil
mortes também no ano de 2020. Dentre as mulheres, o CM corresponde a 1 caso
em cada 4 casos de cancer e a 1 morte em cada 6 mortes em decorréncia do céncer
(SUNG et al., 2021).

No Brasil, a estimativa para cada ano do triénio de 2020-2022 é de
cerca de 66.280 novos casos. Desconsiderando os tumores de pele ndo melanoma,
esse tipo de cancer é o mais frequente nas mulheres em todas as regides
brasileiras, sendo o risco estimado de 81,06/100mil na Regido Sudeste; de
71,16/100mil na Regiao Sul; de 45,24/100mil na Regido Centro-Oeste; de
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44,29/100mil na Regido Nordeste e de 21,34/100mil na Regido Norte do pais. No
ano de 2017, cerca de 17 mil brasileiras foram a ébito em decorréncia do CM (INCA,
2019).

O curso clinico do CM e a sobrevida variam para cada paciente e
dependem de uma série de fatores. A idade € um fator de risco importante para o
desenvolvimento do CM, sendo a incidéncia maior em mulheres acima dos 40 anos
de idade (SIEGEL, MILLER e JEMAL, 2017). Mulheres que apresentam um histérico
familial de CM, com 2 ou mais parentes de primeiro grau afetadas, apresentam 2,5
vezes mais risco de desenvolver a doengca (BREWER et al., 2017). A presenga de
mutacdes em alguns genes relacionados ao desenvolvimento do CM, como o
BRCA1 e BRCA2, podem ser atribuidos a suscetibilidade familial (FRANCKEN et al.,
2013). Os fatores reprodutivos também estdo associados ao aumento do risco de
desenvolvimento deste cancer como menarca precoce, menopausa tardia e
nuliparidade (HORN et al., 2013). A terapia de reposicao hormonal, a qual envolve a
administragdo de estrogénio exdgeno, tem sido apontada como um fator de risco
para o0 CM (BAN e GODELLAS, 2014). Nos ultimos anos, foi observado que o uso
excessivo de alcool e obesidade podem estar associados ao aumento do risco de
desenvolvimento do CM (JUNG et al., 2016; MAKAREM et al., 2013).

A metastase se inicia com a invasao do tecido circundante por
células do tumor primario, até que essas células alcancem o0s vasos sanguineos
e/ou linfaticos, disseminando para orgéos distantes (TALMADGE e FIDLER, 2010).
A migracdo das células tumorais compartilha muitas semelhangas com o trafego de
leucécitos, o qual é regulado por citocinas, quimiocinas e seus receptores (MULLER
et al., 2001) O CM é caracterizado por um padrdao metastatico especifico envolvendo
linfonodos regionais, medula éssea, pulmdo e figado, sendo que a maioria das
mortes em decorréncia do CM s&o resultado do processo metastatico (REDIG e
MCALLISTER, 2013).

Os tumores de mama séao classificados histologicamente de acordo
com o padrao de crescimento patolégico, podendo ser divididos em carcinomas in
situ e carcinomas invasivos. O tipo histolégico mais comum é o carcinoma invasivo
nao especial, também conhecido por carcinoma ductal invasivo, que corresponde de
70 a 80% dos casos, seguido pelos carcinomas lobulares invasivos, correspondendo
a cerca de 10% dos casos diagnosticados de CM (TSANG e TSE, 2020). Os tipos

especiais de CM correspondem a 25% dos céanceres diagnosticados e ja foram
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descritos pelo menos 17 tipos histologicos especiais diferentes entre si (VAJPEYI,
2005). A classificagao histologica € baseada em diversos critérios, incluindo o tipo de
célula tumoral, a secrecao extracelular, as caracteristicas arquitetébnicas e o perfil
imunohistoquimico (TSANG e TSE, 2020).

O estadiamento do CM segue a classificagcdo do sistema Tumor-
Noédulo-Metastase (TNM) que classifica os tumores malignos, segundo a Uniao
Internacional de Controle ao Cancer (UICC). Os tumores primarios sao classificados
de acordo com o seu tamanho: TO para os nao detectaveis, Tis para os carcinomas
in situ, T1 para tumores de até 2cm, T2 acima de 2cm até 5cm, T3 maiores que 5cm
e T4 para qualquer tamanho tumoral com extenséo para a parede toracica e/ou pele.
O acometimento de linfonodos € classificado conforme a cadeia de drenagem
linfatica comprometida, sendo NO auséncia de metastases linfonodais, N1
metastases em linfonodos axilares ipsilaterais méveis, N2 metastases em linfonodos
axilares ipsilaterais clinicamente fixos ou emaranhados e N3 metastase em
linfonodos infraclaviculares ipsilaterais com ou sem acometimento de linfonodos
axilares. As metastases a distancia séo classificadas conforme a auséncia (M0O) ou
presengca (M1) de érgéos a distancia acometidos. A avaliagdo desses parametros
permite a classificacao do estadiamento do tumor, variando do estadio 0 ao estadio
IV, conforme a Tabela 1 (BRIERLEY, GOSPODAROWICZ e WITTEKIND, 2017).
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Tabela 1 — Estadiamento Tumor-Nédulo-Metastase do cancer de mama

Tumor Linfonodos Metastases a
Estadiamento
Primario (T) Regionais (N) Distancia (M)

Estadio 0 Tis NO MO
Estadio IA T1 NO MO
Estadio IB TO, T1 N1mi MO
TO, T1 N1 MO

Estadio IIA
T2 NO MO
T2 N1 MO

Estadio 1IB
T3 NO MO
TO, T1,T2 N2 MO

Estadio IlIA
T3 N1, N2 MO
Estadio IIIB T4 NO, N1, N2 MO
Estadio llIC Qualquer T N3 MO
Estadio IV Qualquer T Qualquer N M1

N1mi: micrometastases entre 0,2mm e 2,0mm.
Fonte: BRIERLEY, GOSPODAROWICZ e WITTEKIND (2017).

A classificagcdo molecular dos CM estratificou os tumores em
subgrupos de acordo com os perfis de expressdo génica, permitindo predizer a
evolugao de alguns subtipos baseado em seu fendétipo molecular (SJRLIE et al.,
2001). Os marcadores utilizados na rotina clinica s&o: os receptores de estrogeno
(RE), os receptores de progesterona (RP), a superexpressao do receptor do fator de
crescimento epidermal humano tipo 2 (HER2) e o marcador do indice de proliferagéo
celular Ki-67. O CM é entao classificado em relacéo a presenca ou auséncia desses
marcadores, sendo que tais subtipos conferem as pacientes diferengas significativas
no prognostico e na resposta terapéutica (RAKHA et al., 2010; WEIGELT, GEYER e
REIS-FILHO, 2010). A partir dos perfis de expressdo génica, foram, inicialmente,
identificados quatro subtipos moleculares: Luminal A, Luminal B, HER2
superexpresso e basaldide (CIRQUEIRA et al., 2011; PEROU et al., 2000; SGRLIE
et al., 2001).

O subtipo Luminal A é o mais comum, correspondendo a 50-60% de
todos os tipos de CM. E caracterizado pela positividade para o RE e/ou RP,
negatividade para a superexpressdo do HER2 e indice de Ki-67 inferior a 14%.

Pacientes diagnosticadas com este subtipo possuem melhor taxa de sobrevida
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quando comparadas a outros subtipos moleculares (CHEANG et al., 2009; PEROU
et al., 2000; SORLIE et al., 2001).

Os tumores de mama Luminal B tém sido caracterizados pela
positividade de pelo menos um dos receptores hormonais e pela positividade para a
superexpressdo do HER2 (CHEANG et al., 2009). Alguns tumores n&o apresentam a
positividade para a superexpressdo do HER2, mas apresentam indice de
proliferacéo celular superior a 14%. Devido ao aumento de expressdo de genes
relacionados a proliferacao celular, este tipo é mais agressivo quando comparado ao
Luminal A (SJRLIE et al., 2001).

As pacientes com CM que apresentam RE positivos fazem uso de
antiestrogénicos, como tamoxifeno e inibidores de aromatase. O uso de
antiestrogénicos reduz a recorréncia e a mortalidade das mulheres diagnosticadas
com CM (CIRQUEIRA et al., 2011).

O subtipo HER2 superexpresso ou HER2 positivo corresponde a 20-
30% de todos os CM diagnosticados e é caracterizado pela negatividade para
expressao dos receptores hormonais mas ha uma superexpressao do oncogene
HERZ2. A superexpressao da oncoproteina HER2 é um fator progndstico conhecido
por estar associado a uma pior sobrevida em pacientes com CM (SORLIE et al.,
2001). Entretanto, a utilizacdo de uma terapia alvo-especifica, um anticorpo
monoclonal humanizado denominado trastuzumabe, melhora o prognéstico dessas
pacientes (WARD, PILGRIM e HIND, 2009).

Os tumores de mama do tipo basaloide ou basal-like correspondem
a 15% de todos os tipos de CM e sao caracterizados pela alta expressao de genes
correlacionados a proliferagcdo celular e pela negatividade para expressdao dos
receptores hormonais e superexpressdo do HER2, chamados de triplo-negativos. Os
tumores basal-like sdo um subgrupo dos tumores de mama triplo-negativos que
apresentam também um aumento de expressao de genes expressos por celulas
basais e mioepiteliais, incluindo as citoqueratinas 5 e 14, caderinas e receptores de
fator de crescimento epidermal. E o subtipo de comportamento clinico mais
agressivo e de pior progndstico, visto que as pacientes apresentam menor sobrevida
livre de recorréncia e menor tempo de sobrevida global (PROVENZANO, ULANER e
CHIN, 2018; SORLIE et al., 2001; VAN DE RIJN et al., 2002; VUONG et al., 2014).

A classificagdo mama-normal simile para os tumores mamarios foi

descartada por representar uma contaminagdao com glandulas normais. Isso porque
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esse subtipo apresenta expressao de genes expressos em células epiteliais normais,
células adiposas e em outros tipos de células nao-epiteliais. Estes tumores também
apresentam alta expressao de genes de células basais e baixa expressao de genes
de células luminais (PEROU et al., 2000; PROVENZANO, ULANER e CHIN, 2018;
SORLIE et al., 2001).

Outro subtipo molecular do CM foi identificado sendo denominado
claudin-low ou claudina-baixa. Esse ¢é caracterizado como triplo-negativo nao
basaloide, apresentando baixa expressdo de genes envolvidos nas jungdes
celulares, incluindo as claudinas 3, 4 e 7; as ocludinas e a E-caderina. Apresenta
uma moderada expressao de genes de proliferagcao celular. Os marcadores para sua
caracterizagao estdo sendo colocados, aos poucos, na pratica clinica (CIRQUEIRA
et al., 2011). Todos os subtipos moleculares do CM estdo demonstrados na Tabela
2.

Tabela 2 — Subtipos moleculares do cancer de mama

Subtipo Molecular Marcadores moleculares

Luminal A RE+ e/ou RP+, HER2- e Ki-67 <14%
RE+ e/ou RP+ e HER2+
RE+ e/ou RP+, HER2- e Ki-67 214%
HER2 superexpresso RE-, RP- e HER2+

Triplo-negativo basaloide
ou basal-like

Luminal B

RE-, RP-, HER2-, CK5+ e/ou EGFR+

Triplo-negativo nao

. RE-, RP-, HER2-, CK5- e EGFR-
basaldide

Triplo-negativo claudina-
baixa

CK5: citoqueratina 5; EGFR: receptor do fator de crescimento epiderme; HER2:
receptor do fator de crescimento epidermal humano tipo 2; Ki-67: indice de
proliferacéo celular; RE: receptor de estrogeno; RP: receptor de progesterona.

RE-, RP-, HER2-, Claudina+ e E-caderina-

1.2 ENVOLVIMENTO DO ESTRESSE NO CANCER DE MAMA

O CM ¢é uma das neoplasias mais estudados do ponto de vista
psicossomatico, por ser um dos mais prevalentes na populagdo feminina

(ARNABOLDI et al., 2014). O estresse pode ser definido como qualquer estimulo
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que perturba o equilibrio interno do corpo, conhecido como homeostase. Talvez o
componente mais bem estudado da resposta ao estresse seja a ativagdo do eixo
hipotalamico-pituitaria-adrenal (HPA). Os neurbnios do nucleo paraventricular
liberam dois neuro-horménios, o fator liberador de corticotropina e arginina
vasopressina, que estimulam a pituitaria a produzir e secretar o hormoénio
adenocorticotrofico (ACTH). Por sua vez, o ACTH induz a sintese e liberacdo de
glicocorticoides pelas glandulas adrenais. O principal glicocorticoide em humanos é
o cortisol, que possui efeitos amplos, como aumentar os niveis de glicose no
sangue, modifica o metabolismo de gordura e proteina, influencia na funcéo
cardiovascular e no estado imunolégico, induzindo reagdes inflamatdrias
(STEPHENS e WAND, 2012).

O estresse pode ser classificado em agudo, quando apresenta em
um curto periodo, ou crénico, quando ocorre por um longo periodo ou se torna
repetitivo. O aumento no risco de desenvolvimento de CM foi associado ao estresse
induzido por eventos importantes da vida, enquanto o estresse relacionado ao
trabalho ou estresse diario variam consideravelmente (ANTONOVA, ARONSON e
MUELLER, 2011).

Dentre os eventos importantes da vida da mulher, o luto foi um dos
fatores estudados por diversos grupos de pesquisa. Uma meta-analise realizada por
DUIJTS, ZEEGERS e BORNE (2003) demonstrou que a morte do parceiro, de
familiares e amigos estéo significativamente associados ao risco do desenvolvimento
do CM. Outros estudos tentaram avaliar o risco de desenvolver esta neoplasia entre
mulheres que tiveram um filho com cancer ou que perderam um filho, porém nenhum
deles encontrou uma associagao clara entre esses principais fatores de estresse e a
incidéncia de CM (JOHANSEN e OLSEN, 1997; KVIKSTAD e VATTEN, 1996; LI et
al., 2002). Entretanto, LEVAV et al. (2000) relataram um risco maior de incidéncia de
CM entre mulheres israelenses que tiveram a experiéncia de perder um filho adulto.
Por outro lado, a morte da mé&e na infancia foi avaliada por JACOBS e BOVASSO
(2000) em um estudo envolvendo 1.213 mulheres, que foram acompanhadas por 15
anos, sendo observada uma duplicacdo no risco de CM. Resultado similar foi
observado em pacientes que perderam o pai durante a sua infancia (YILDIRIM et al.,
2018). Apesar disso, outros estudos nao observaram associacdo entre o estresse

causado pelo Iuto e o risco de desenvolvimento do CM, como descrito nas meta-
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andlises realizadas por PETTICREW, FRASER e REGAN (1999) e SANTOS et al.
(2009).

O divércio e separagado conjugal foram fatores importantes também
relatados em outros estudos. FALLAH et al. (2016) observaram uma associagao
significativa entre a incidéncia de CM e “grandes problemas no relacionamento
interpessoal com o cbnjuge”. Tal associagao também foi observada em um estudo
prospectivo com 10.808 mulheres mostrou que divorcio e separagdo estao
relacionados ao risco de CM (LILLBERG et al., 2003).

Além desses fatores, outros eventos de vida, como doengas graves,
problemas financeiros e no trabalho, entre outros, foram avaliados por diversos
estudos. De modo geral, foi observado um aumento de duas vezes no risco de
desenvolvimento do CM em mulheres que apresentavam alteracbes em eventos
importantes de sua vida (KRUK e ABOUL-ENEIN, 2004; PETTICREW, FRASER e
REGAN, 1999; YILDIRIM et al., 2018).

A relagao entre o estresse e a recidiva do CM foi avaliada em estudo
realizado por FORSEN (1991) na Finlandia e demonstrou que as experiéncias
vividas 1 ano antes do diagndstico foram associadas a um maior risco de recidiva
apos 8 anos de acompanhamento. O estresse cronico antes do diagndstico também
foi associado a um risco ligeiramente maior de recidiva em um estudo na populagao
belga (DE BRABANDER e GERITS, 1999). Entretanto, BARRACLOUGH et al.
(1993) relataram, em uma populagao inglesa acompanhada por 3 anos e meio, um
menor risco de recaida em pacientes com CM que vivenciaram qualquer evento ou
dificuldade grave em 1 ano antes do diagndstico. Contudo, em outro estudo inglés,
as mulheres foram acompanhadas por 5 anos e nenhuma associacao foi
demonstrada (GRAHAM et al., 2002).

Apesar de uma série de pesquisas focadas na relagdo entre
estresse e CM, ha controvérsias sobre o papel que os estressores da vida pregressa
e o estresse geral exercem na determinagdao do cancer ou na influéncia sobre o
curso da doenga. Portanto, é necessario que novos estudos sejam realizados para

esclarecer essa possivel relagao.
1.3 PARTICIPAGAO VIRAL NO DESENVOLVIMENTO DO CANCER

As infecgdes virais podem ser reconhecidas como a causa etiolégica
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de alguns tipos de cancer, devido a complexidade de estrutura de mecanismo de
acao dos virus (SCHELHAAS, 2017). Ja estd bem estabelecida a associagao de
alguns virus com tumores humanos, como o virus do papiloma humano (HPV), virus
da hepatite B (HBV), virus da hepatite C (HCV), virus Epstein-Barr (EBV),
herpesvirus associado ao sarcoma de Kaposi (KSHV), o poliomavirus da células de
Merkel (MCPyV) e o virus linfotrofico de células T humana tipo 1 (HTLV-1) (MOORE
e CHANG, 2010). Ainda, tem sido relatada a participagdo de outros virus em
tumores humanos, como por exemplo, o virus do tumor mamario humano (MMTV-
like) (ETKIND et al., 2000).

De forma geral, as infec¢des virais contribuem em pelo menos 12%
de todos os tipos de tumores humanos. A associagao de virus e tumores esta
frequentemente presente em individuos com comprometimento do sistema
imunolégico ou em individuos que vivem em condi¢gdes sanitarias precarias e com
acesso limitado aos cuidados de saude (GAGLIA e MUNGER, 2018). Os virus
podem estar envolvidos com a oncogénese devido ao seu potencial de codificar
proteinas virais oncogénicas, causar inflamagéao cronica e/ou promover instabilidade
gendmica ou outras alteracbes nas células hospedeiras (GAGLIA e MUNGER,
2018).

Os oncogenes e oncoproteinas virais podem interferir na proliferacao
celular, aumentando a taxa de proliferacdo, e na apoptose, tornando a célula
resistente a morte. Eventualmente, essas interferéncias levam a alteragbes nos
mecanismos de reparo de DNA e a instabilidade gendbmica. Tais alteragbes, em
conjunto, sdo consideradas caracteristicas associadas a malignidade celular,
conforme descrito anteriormente. Os mecanismos virais para inducdo dessas
mudangas celulares sdo semelhantes e geralmente convergem em vias de
sinalizagdo comuns e fatores de transcricdo (MORALES-SANCHEZ e FUENTES-
PANANA, 2014). Como exemplo, temos a inativacdo de genes supressores
tumorais, como o gene do p53 (HOLLSTEIN et al., 1991).

A persisténcia da infeccdo viral geralmente € acompanhada por
inflamacgao crénica local. O material genético de alguns virus pode ativar diversos
tipos celulares envolvidos na imunidade, incluindo as células dendriticas,
macrofagos e subpopulagdes especificas de linfocitos. Tais células sdo capazes de
produzir citocinas, quimiocinas e fatores de crescimento, como os interferons e
interleucinas (HAYASHI et al., 2006; HOCHREIN et al., 2004; SATO, LINEHAN e
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IWASAKI, 2006; TAKEUCHI e AKIRA, 2009).

Uma resposta inflamatdéria normal é autolimitada; porém em uma
resposta inflamatdria cronica, decorrente da persisténcia do agente infeccioso, os
leucocitos permanecem no local e sua apoptose € suprimida. Na tentativa de
eliminar o agente infeccioso, as células imunes produzem radicais livres de oxigénio
e nitrogénio, que sao consideradas altamente mutagénicas. Considerando a
participacdo de todos esses elementos, a inflamagao cronica pode favorecer o
aparecimento de uma célula tumoral. Ja o processo de regeneracao tecidual parece
auxiliar no crescimento, invasédo e metastase tumoral (ELINAV et al., 2013).

Outro mecanismo carcinogénico promovido pela infeccao viral é a
instabilidade gendmica, que pode resultar em amplificacdo e delecdo de genes,
alteragdes no numero de cromossomos (poliploidia e aneuploidia) ou em fusédo dos
cromossomos ndo homélogos (translocagdo) (MORALES-SANCHEZ e FUENTES-
PANANA, 2014). A instabilidade genémica pode ser decorrente da expressdo de
oncogenes virais, mudangas no microambiente, aumento da taxa de proliferagcao
celular e produgdo de espécies reativas de oxigénio e outras espécies reativas
(GAGLIA e MUNGER, 2018). Uma fonte interessante de mutacées de DNA s&o as
enzimas citidina deaminases pertencentes a familia da enzima de edicdo de mRNA
de apolipoproteina B, semelhante a polipeptideo catalitico 3 (APOBEC3), que sao
ativadas em uma resposta celular contra a infecgdo. Essas enzimas convertem
citosinas em uracilas, com o objetivo de inativar os genomas virais. Porém, essas
enzimas também s&o capazes de gerar mutagdes pontuais no genoma da célula
hospedeira, sendo possivel a transformacdo maligna de tais células (HENDERSON
e FENTON, 2015).

Além dos mecanismos carcinogénicos virais apontados
anteriormente, as caracteristicas replicativas da familia dos retrovirus também
devem ser levadas em consideragdo. O ciclo replicativo desses virus envolve um
estagio obrigatério no qual o provirus € inserido no genoma do hospedeiro, sendo
esse processo permanente. Dependendo do sitio de integragdo e da orientagao
transcricional do provirus, as sequéncias presentes no DNA viral podem iniciar,
aumentar e/ou terminar a transcricdo de sequéncias génicas do hospedeiro,
resultando em altos niveis de RNA mensageiros codificando proteinas intactas ou
produzindo transcritos aberrantes que codificam proteinas mutantes (JONKERS e
BERNS, 1996).
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Dessa forma, a elucidacao de associagcbes entre infeccdes virais e
tumores humanos sao fundamentais para revelar possiveis alvos terapéuticos,
fatores preventivos e preditores de resposta clinica de pacientes diagnosticados com

esses tumores.

1.3.1 Virus do Tumor Mamario de Camundongo (MMTV)

O virus do tumor mamario de camundongo (MMTYV) foi inicialmente
associado ao desenvolvimento de CM em camundongos por BITTNER (1936). Em
seu trabalho, Bittner denominou o virus como um “fator do leite”, relacionando a
presenca de um filtrado extracromossomal com uma alta incidéncia de tumor
mamario em linhagens de camundongos. A particula viral do MMTV foi demonstrada
por microscopia eletrébnica em 1948 e € considerada o agente etiolégico mais
comum de CM e linfomas de células T em camundongos (LAWSON, GUNZBURG e
WHITAKER, 2006; LAWSON et al., 2006; MASON, 2000).

O MMTV é um virus de RNA envelopado pertencente a familia
Retroviridae (CALLAHAN e SMITH, 2000). A particula viral do MMTV possui 100nm
de didmetro, contendo em seu nucleocapsideo duas coépias simples fita de RNA
associadas a uma ribonucleoproteina, denominada p14, com uma simetria
icosaédrica. Também associado a ribonucleoproteina, além do RNA, tem-se as
enzimas transcriptase reversa e integrase. O nucleocapsideo € formado pelas
proteinas p27 e esta ligado ao envelope viral por proteinas da matriz. O envelope é
constituido por uma porcdo da membrana plasmatica da célula hospedeira
modificada com a inser¢ao de proteinas codificadas pelo MMTV, como a proteina de
superficie (gp52) e proteina transmembrana (gp36), ambas subunidades da gp72
(TERAMOTO, CARDIFF e LUND, 1977) (Figura 1).
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Figura 1 — Estrutura do Virus do Tumor Mamario de Camundongo (MMTV)

Envelope

»~ 9p52/gp36
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Particula viral do MMTV é constituida por duas cépias simples fita de RNA associadas as
proteinas (p) do nucleocapsideo (p14). Além do RNA, tem-se as enzimas transcriptase reversa e
integrase. O nucleocapsideo é formado pelas proteinas p27 e esta ligado ao envelope viral por
proteinas da matriz. Ja o envelope viral é constituido pelas glicoproteinas (gp) de superficie (gp52) e

proteina transmembrana (gp36). Imagem criada com biorender.com. Fonte: o préprio autor.

O RNA viral possui regides génicas que codificam proteinas
essenciais para a formagao do virion (Figura 2). A regidao gag codifica a protease
viral, as proteinas do nucleocapsideo (p27) e as nucleoproteinas (p14). A regiao
gag-pol codifica as enzimas transcriptase reversa e integrasse. Ja a regido env
codifica as proteinas gp36 e gp52 (ROSS, 2008; SZENTIVANYI e FRIEDMAN,
2012). Além dessas regides, o RNA do MMTV possui uma sequéncia repetitiva
terminal longa (LTR), com aproximadamente 1.3kb, que codifica uma proteina viral
acessoria, denominada de superantigeno (SAg), sendo este essencial para o ciclo
replicativo do virus (ROSS, 2010).
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Figura 2 - Diagrama da estrutura do RNA do Virus de Tumor Mamario de
Camundongos (MMTV)

5'LTR gag pol env 3'LTR
PR/RT/IN SU/TM

O RNA do MMTYV possui regides génicas que codificam as proteinas para a formagao da particula
viral, sendo elas a regido repetitiva terminal longa (LTR), que codifica o superantigeno (SAg); a regido
gag, que codifica as proteinas da matriz (MA), do capsideo (CA) e do nucleocapsideo (NC); a regido
pol, que codifica as enzimas protease (PR), transcriptase reversa (RT) e integrasse (IN); e a regido
env, que codifica as glicoproteinas que constituem as proteinas de superficie (SU) e transmembrana
(TM). Imagem criada com biorender.com. Fonte: NARTEY et al. (2014) modificado.

O MMTYV possui duas formas de transmisséo ja bem estabelecidas:
a transmissdo vertical ou enddogena e a transmissdo horizontal ou exogena
(CZARNESKI, 2003). A transmisséo vertical ou endogena ocorre quando o MMTV é
transmitido como uma heranga mendeliana para os descendentes como DNA
proviral. Algumas linhagens de camundongos ja apresentam o DNA proviral como
um molde para a formacado de particulas infecciosas. Em outras linhagens, a
formagdo de mutacdes e delecbes nos genes retrovirais endogenos impedem a
formacao das particulas virais e o desenvolvimento do cancer. De maneira geral,
devido as alteragdes genéticas no genoma viral, os provirus endoégenos nao
codificam virus funcionais (MASON, 2000; ROSS, 2008).

A transmissdo horizontal ou exdégena, acontece através do leite
materno contendo particulas virais do MMTV, quando o virus alcanca as células M,
presentes nas placas de Peyer. As proteinas do envelope do MMTV se ligam aos
receptores do tipo Toll 4 (TLR4) das células dendriticas presentes na regiao,
resultando na migragdo para o linfonodo. Apods infectar estas células, o MMTV
codifica o SAg que é apresentado na superficie celular por meio da molécula do
MHC de classe Il, ativando células T. Em contrapartida, estes linfocitos proliferam,
ativam as células B que produzem citocinas, e estas estimulam e recrutam novas
células dendriticas, linfocitos B e T, estabelecendo assim um reservatorio de células
infectadas (ROSS, 2008; ROSS, 2010). A entrada do MMTV na célula também pode
acontecer através do receptor de transferrina 1 (TfR1) (ROSS et al., 2002),
explicando em parte a presenca deste virus em tecidos especificos, visto que células
do sistema imune ativadas e células epiteliais mamarias em divisdo apresentam
altos niveis do TfR1 in vivo (FUTRAN et al., 1989; SCHULMAN et al., 1989).
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Dessa forma, os linfocitos infectados podem carregar o virus para as
glandulas mamarias, as quais se tornam infectadas com o MMTV durante a divisao
celular, que ocorre por estimulacdo hormonal durante a puberdade e gestacao
(ROSS, 2008). A expresséao do provirus do MMTV é observada em células mamarias
de camundongos fémeas em lactacéo, refletindo uma resposta a elevagao dos niveis
hormonais circulantes, principalmente pela progesterona. No periodo anterior e
posterior a lactacdo, ndo €& detectavel a transcricdo do virus (BOLANDER e
BLACKSTONE, 1990). Tal fato se deve a elementos responsivos hormonais
presentes no gene LTR, que promovem a transcricdo do genoma viral (MCGRATH e
JONES, 1978).

A propriedade de indugédo de tumor do MMTYV esta relacionada com
um passo do ciclo replicativo dos retrovirus: insergdo do DNA proviral no DNA do
hospedeiro, podendo agir como um mutagénico de insergdo ou na ativagdo da
transcricdo de oncogenes proximos ao local de insergao proviral (CALLAHAN e
SMITH, 2000; NUSSE, 1986). Alguns genes foram descritos na literatura por
sofrerem uma reorganizagao pela integragdo do genoma do MMTV, sendo eles os
genes da familia Wnt (LEE et al., 1995), da familia do fator de crescimento de
fibroblastos (Fgf) (PETERS et al., 1989), da familia Notch (DIEVART, BEAULIEU e
JOLICOEUR, 1999) e o gene que codifica o componente p48 do fator-3 de iniciacao
da traducéo eucaridtica (elF-3p48) (ASANO, MERRICK e HERSHEY, 1997).

Com a elucidacdo do envolvimento do MMTV com o
desenvolvimento de CM em camundongos, diversos grupos de pesquisa tém
investigado a participacdo de um virus na carcinogénese mamaria humana. Alguns
estudos indicaram a presenga de sequéncias genéticas similares aos genes do
MMTV em amostras biologicas de pacientes com CM, tendo recebido a
denominacédo de MMTV-like. Apesar dos estudos desenvolvidos, o papel do MMTV-

like no desenvolvimento do CM ainda permanece controverso na literatura.
1.3.2 Virus do Tumor Mamario Humano (MMTV-like)

A hipotese de que um retrovirus homoélogo ao MMTV possa estar
envolvido no desenvolvimento do CM humano tem fascinado cientistas ha anos. O
interesse nesta hipdtese foi renovado quando LIU et al. (2001) identificaram a

sequéncia génica completa do provirus em amostras de tecido mamario tumoral
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humano, sendo essa sequéncia 95% homodloga a sequéncia do MMTV. Além disso,
MELANA et al. (2007) isolaram particulas virais de culturas celular de CM humano,
sendo que a estrutura viral foi caracterizada com alta homologia (95%) ao MMTV,
revelando caracteristicas de um virus em fase de replicagao.

O gene env do MMTV-like é representado por uma fase aberta de
leitura (ORF) de aproximadamente 1,6kb, sendo 94-99% idéntica ao gene env do
MMTV e, quando presente nas amostras analisadas, indica a presenga do virus
(MOK et al., 2008). Outra sequéncia bem caracterizada é a do gene do LTR, que
codifica o SAg, e ja foi identificada por sequenciamento em amostras de CM
humano, sendo altamente homodloga a presente no MMTV (WANG et al., 2004).
Essas sequéncias génicas foram encontradas em proporgdes variaveis nas
populagdes, sendo que em alguns paises a positividade para o MMTV-like foi de até
73,7% dos casos de CM geral (Tabela 3).
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Tabela 3 — Presenca de sequéncias génicas do Virus do Tumor Mamario Humano

(MMTV-like) em pacientes com cancer de mama.

Pais Amostras Resultados Autor/Ano
_ . . AL DOSSARY,
Arabia Tecido (parafina) Presenca do gene envem 5,9% das
. ALKHARSAH e
Saudita n= 101 amostras
KUSSAIBI (2018)
_ Tecido Presenca do gene envem 31% das MELANA et al.
Argentina
n=74 amostras (2002)
Tecido (parafina) Presenca de sequéncia envem 42,2%
FORD et al. (2003)
n=45 das amostras
Tecido (parafina) Presenca do gene envem 40% das FAEDO et al.
n= 128 amostras (2004)
Tecido (parafina) FORD, FAEDO e
Gene env foi detectado em 78%
n=51CDle 2 RAWLINSON
amostras CDI e 100% amostras CDIS
CDIS (2004)
. Tecido (parafina) _
Australia Gene env foi detectado em 75% LAWSON et al.
n=20 CDl e 22
amostras CDI e 23% amostras CDIS (2004)
CDIS
Tecido (parafina) Presencga do gene envem 37,3% LAWSON et al.
n= 59 amostras (2006)
Tecido (parafina) Presencga do gene env em 36% das NARTEY et al.
n= 25 amostras (2017)
Tecido (parafina) Presenca do gene env em 27% das LAWSON et al.
n= 45 amostras (2018)
DE SOUSA
Tecido (fresco) Presenca do gene env em 18,9% das
Brasil PEREIRA et al.
n= 217 amostras
(2020)
] Tecido (parafina) Genes enve LTR em 50% das ETKIND et al.
Canada
n=12 amostras (2004)
Tecido Presenca do gene envem 16,8% das
LUO et al. (2006)
n= 131 amostras
China
Tecido (parafina) Gene env foi encontrado em 17,65% WANG et al.
n=119 amostras de cancer de mama (2021)
Coreia do Tecido (fresco) Gene env foi encontrado em 9,4%
. SEO et al. (2019)
Sul n= 128 amostras de cancer de mama
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Crodci Tecido (parafina) Material genético do MMTV-like foi GUPTA et al.
roacia
n=70 encontrado em 7% das amostras (2021)
Tecido (fresco e
Presenga do gene env em 38,5% das WANG et al.
congelado)
amostras (1995)
n=314
Tecido (congelado) Presenca do gene envem 37% das ETKIND et al.
n=73 amostras (2000)
Tecido (parafina e
Presenca do gene env em 38% das WANG, Y.; et al.
congelado)
amostras (2001)
n= 495
Estados
MELANA,
Unidos Tecido (parafina) Presencga do gene env em 30,1% das
HOLLAND e
n= 106 amostras
POGO (2001)
Tecido (congelado) Presenga do gene LTR em 41,5% das WANG, Y; et al.
n= 65 amostras (2001)
Tecido (parafina e .
Gene env foi encontrado em 62% WANG et al.
congelado) ,
amostras de CM gestacional (2003)
n= 29
Tecido Presenca do gene envem 71,5% das  POGO, HOLLAND
n= 60 amostras e LEVINE (2010)
Tecido (fresco) o N N
Sequéncias do gene env foi identificada LOUTFY et al.
n=30 CMH e 50
em 76% dos CME e 70% dos CMH (2021)
CME
Egito
Tecido (fresco e Presenca do gene envem 7,5% das
METWALLY et al.
parafina) amostras de parafina e em 70% das (2021)
n= 80 amostras de tecido fresco
Irs Tecido (parafina) Presenca do gene env em 32,2% das SHARIATPANAHI
ra
n= 59 amostras et al. (2017)
Tecido (parafina) Presenca do gene env em 37,7% das POGO et al.
n= 69 amostras (1999)
Tecido (congelado) Presenca do gene envem 33% das ZAMMARCHI et al.
n=45 amostras (2006)
Italia
Tecido (parafina) _
Sequéncias env foram encontradas em MAZZANTI et al.
n=49 CDIS e 20
oD 82% de CDIS e em 35% de CDI (2011)
Tecido (parafina) Sequéncias genéticas foram NACCARATO et
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n=47 CMH e 56 identificadas em 30,3% dos CME e al. (2019)
CME 4,2% dos CMH
Jordani Tecido (parafina) Presencga do gene envem 11% das AL HAMAD et al.
ordania
n= 100 amostras (2020)
Tecido (parafina) Presenca do gene envem 57,14% das SLAOUI et al.
Marrocos
n=42 amostras (2014)
Méxi Tecido (congelado)  12,4% amostras foram positivas para ~ CEDRO-TANDA et
éxico
n= 458 gene env al. (2014)
Tecido (parafina) Presenga da sequéncia do gene env em
Myanmar SAN et al. (2017)
n=58 1,7% das amostras
Tecido (parafina) Presenca do gene envem 20% e LTR NAUSHAD et al.
n= 80 em 26% das amostras (2014)
NAUSHAD,
s Tecido (parafina) Presenca das sequéncias génicas do
Paquistao SURRIYA e
n= 250 LTR e env em 29,3% das amostras
SADIA (2017)
Tecido (parafina) Presenga do gene env em 65,7% das KHALID et al.
n= 105 amostras (2021)
Tecido (parafina) Presenca do gene envem 73,7% das LEVINE et al.
) n= 38 amostras (2004)
Tunisia
Tecido (congelado)  Presenca do gene envem 13,9% das HACHANA et al.
n= 122 amostras (2008)
_ Tecido (parafina) A sequéncia env foi encontrada em
Vietna FORD et al. (2003)
n=120 0,8% das amostras

CDIS: carcinoma ductal in situ; CDI: carcinoma ductal invasivo; Cl: carcinoma invasivo; CME: cancer de
mama esporadico; CMH: cancer de mama hereditario.

Apesar desses estudos, a participaggo do MMTV-like no
desenvolvimento do CM permanece controversa, devido ao crescente numero de
estudos internacionais cujos resultados foram negativos para a presenga do virus
em amostras de tecido tumoral mamario. Um estudo realizado por WITT et al. (2003)
em pacientes austriacas com CM nao encontrou a sequéncia correspondente ao
gene env em 50 amostras de DNA de tecido mamario tumoral humano, nem em 22
linhagens celulares, incluindo a MCF-7, que foi previamente descrita como controle
positivo nas reagdes em cadeia da polimerase (PCR). Em um outro estudo, com a
populagdo sueca, BINDRA et al. (2007) tentaram por meio de PCR quantitativo

demonstrar a presenga do material genético do virus em amostras de 18 pacientes
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com CM e 11 controles livres de neoplasia, bem como amostras de sangue
periférico, e nenhuma das amostras foram positivas para o DNA ou RNA do MMTV-
like. Resultados similares foram encontrados em outras populagdes, como na
japonesa (FUKUOKA et al., 2008), na alemad (FRANK et al., 2008), na iraniana
(AHANGAR OSKOUEE et al, 2014; TABRIZ et al, 2013) e na mexicana
(MORALES-SANCHEZ et al., 2013).

As controvérsias também podem ser observadas em trabalhos
realizados por pesquisadores analisando a populacdo de um mesmo pais. Tal fato
foi observado em um estudo com mulheres australianas, no qual 42 amostras de
tecido tumoral incluidas em parafina foram utilizadas para detectar a sequéncia env
do MMTV-like, sendo que nenhuma amostra foi positiva (PARK et al., 2011), e tais
achados parecem inconsistentes com resultados prévios de amostras da populacdo
australiana (FORD, FAEDO e RAWLINSON, 2004; FORD et al., 2003; LAWSON et
al., 2006; NARTEY et al., 2017).

Uma das principais explicagdes para os resultados divergentes na
literatura seria a variacdo natural da prevaléncia de infecgcbes virais entre as
diferentes populacbées em todo mundo. No caso do MMTV-like, as variagcboes
populacionais disponiveis na literatura podem ser observadas na figura 3, na qual a
prevaléncia foi estimada dividindo o numero total de amostras positivas para o gene
env pelo numero total de amostras testadas em cada pais. As discrepancias também
podem ocorrer pelo uso de diferentes técnicas para a deteccdo viral, variagdo nos
procedimentos experimentais, espécimes biologicas empregadas, qualidade das
amostras e sequéncias génicas do MMTV-/ike estarem presente em pouco numero
de cépias (MAZZANTI et al., 2011).
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Figura 3 — Distribuicdo mundial da detecg¢ao do Virus do Tumor Mamario Humano (MMTV-/ike) em amostras de cancer de mama
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Created with mapchart.net

A prevaléncia de MMTV-like (%) foi estimada dividindo-se o numero total de amostras positivas para o gene env pelo numero total de amostras testadas em

cada pais. Mapa gerado usando o software Mapchart, disponivel online em: https://mapchart.net/. Fonte: o proprio autor
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As sequéncias génicas do MMTV-like ja foram detectadas em
diversos materiais bioldgicos humanos, além do tecido mamario tumoral. MELANA et
al. (2007) demonstraram a presenga de particulas do MMTV-like, por microscopia
eletrénica, em cultura de células primarias isoladas de ascites ou efusdes pleurais de
pacientes com CM metastatico. Por outro lado, JOHAL et al. (2011) verificaram a
presencga da sequéncia do gene env do MMTV-like em amostras de leite de lactantes
saudaveis. O material genético do MMTV-like também foi encontrado em amostras
de saliva de adultos, criangas e pacientes com CM (MAZZANTI et al., 2015). No
trabalho de TOMANA et al. (1981), soro de pacientes foram analisados para a
presenca de anticorpos contra antigenos gp52 e gp34 do MMTV-like, através da
técnica de imunofluorescéncia indireta, e foi encontrada reagdo positiva em
pacientes com CM, com tumores benignos da mama, outros tipos de malignidades
mamarias € mulheres livres de neoplasia.

Em outro estudo investigando a presencga do virus em leite humano,
as sequéncias de DNA e RNA correspondentes ao gene env e a jungao env/LTR
foram detectadas em amostras de leite de mulheres lactantes que apresentaram alto
risco de desenvolvimento do CM por terem feito, em algum momento da vida,
biépsia mamaria, dando suporte a hipotese de transmissdo exdgena, assim como
ocorre nos camundongos. Além disso, a presenca das sequéncias de RNA nas
amostras analisadas implicam na presencga de particulas virais do MMTV-like no leite
(NARTEY et al., 2014).

Ja STEWART et al. (2000) associaram uma maior incidéncia de CM
humano em regides onde a espécie de camundongo Mus domesticus, que abriga
maior carga viral do MMTYV, esta presente, sugerindo que os seres humanos sejam
infectados através do contato com camundongos. Alids, o paralelo entre o CM
humano MMTV-like positivo e CM murino MMTV positivo tem sido outro ponto de
intenso debate na literatura, principalmente com relagéo ao tecido afetado (FINKE,
LUTHER e ACHA-ORBEA, 2002; MANT e CASON, 2005; MASON, GILADY e
MACKEY, 2011). Entretanto, estudos tem demostrado similaridade histologica entre
tumores humanos positivos para MMTV-/ike e canceres de mama MMTYV positivos
em camundongos (LAWSON et al., 2018; LAWSON et al., 2017; LAWSON et al.,
2006).

O trabalho de STEWART et al. (2000) estimulou o surgimento de

outras hipéteses de transmissdo, principalmente envolvendo animais domésticos,
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como os gatos. Tal hipétese foi apontada na revisao de SZABO, HAISLIP e GARRY
(2005), na qual os gatos poderiam adquirir o virus ao se alimentarem de
camundongos que abrigam cepas infecciosas de MMTV e transmitir para os
humanos através do contato com secreg¢des dos felinos, como a saliva de forma
direta ou de forma indireta, através dos pelos dos animais por exemplo. Além dos
gatos, os cachorros também foram apontados como possiveis transmissores de
cepas do MMTV capazes de infectar humanos. Um estudo de HSU et al. (2010)
demonstrou a presenga de sequéncias génicas correspondentes aos genes env e
LTR em tumores mamarios malignos de caes e gatos, demonstrando que esses
animais de companhia, que mantem contato diario com os humanos, podem
contribuir para a transmissao viral.

A possivel contaminagdo com material murino e sequéncias
endogenas de betaretrovirus foi cuidadosamente excluida por um estudo recente de
LESSI et al. (2020), no qual foi investigada a presenga de sequéncias semelhantes
ao MMTV em calculos dentarios, que sao acumulos de saliva, de cranios antigos. As
sequéncias semelhantes a MMTV foram identificadas nos calculos de 6 individuos
datados da Idade do Cobre, revelando que essas sequéncias estao presentes na
espécie humana ha pelo menos 4.500 anos. Os autores sugerem que esta
observacgao, juntamente com todos os dados presentes na literatura, demonstram a
existéncia de um betaretrovirus exdgeno humano possivelmente derivado de uma
transmissdao cruzada de espécies que ocorreu em tempos pré-histéricos, com
consequente disseminagao inter-humana.

A possibilidade de um agente ambiental como fator comum no
desenvolvimento de CM foi explorada e caracterizada no estudo realizado por
ETKIND, STEWART e WIERNIK (2008). Neste estudo, pai, mae e filha foram
diagnosticados com carcinoma mamario metastatico para os linfonodos axilares e
apresentaram, nos tecidos malignos, sequéncias semelhantes aos genes enve LTR.
As sequéncias amplificadas do gene env foram consideradas 98 a 99,6% homdlogas
as sequéncias env do MMTV encontradas nas linhagens murinas GR, C3H e BRG6.

Ja a associacdo entre a presenca do MMTV-like e o
desenvolvimento do CM humano foi reforcada pelo estudo de NARTEY et al. (2017),
no qual a sequéncia de DNA correspondente ao gene env do MMTV-like foi
identificada em 5 lesbes mamarias benignas. Tais amostras foram coletadas no

periodo de 1 a 11 anos antes do diagndstico do CM dessas pacientes. As amostras
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de tecido mamario tumoral também foram consideradas positivas para a sequéncia
génica do MMTV-like.

E importante ressaltar que, embora nenhum betaretrovirus humano
conhecido esteja circulando em humanos hoje em dia, a busca pelo MMTV-like no
DNA humano pode ser dificultada pela presenga de retrovirus endégenos humanos
(HERVSs) (ONO et al., 1986). HERVs sao remanescentes de infecgdes retrovirais em
células germinativas, o que compde cerca de 8% do genoma humano, e podem
estar relacionados a patogénese de alguns tipos de cancer, como melanoma (LI et
al.,, 2010), cancer de ovario (WANG-JOHANNING et al., 2007), entre outros. O
genoma humano abriga um supergrupo semelhante ao betaretrovirus, chamado
HERV-K, descrito quando sequéncias humanas semelhantes ao MMTV exdgeno
foram encontradas (CALLAHAN et al.,, 1982). O supergrupo HERV-K atualmente
abrange 10 grupos HERV distintos, todos compartiihando semelhangcas de
sequéncias com MMTV. Consequentemente, eles foram chamados de HML (human
MMTV-like) seguido por um numero de 1 a 10 (GRANDI, PISANO e TRAMONTANO,
2019).

Tem sido demonstrado que diferengas entre as sequéncias do
MMTV-like e HERV sao suficientes para distinguir ambas usando as técnicas de
PCR (MANT et al, 2004; MASON, GILADY e MACKEY, 2011). Além disso, a
identificacdo da sequéncia inteira do provirus que é 95% homdloga ao MMTV, mas
somente 57% homodloga aos retrovirus endégenos reforga a ideia de utilizagdo de
primers especificos capazes de detectar as sequéncias génicas correspondente ao
MMTV-like (LIU et al., 2001). Comparacbes semelhantes foram realizadas por
WANG, Y. et al. (2001), obtendo uma homologia de 54% entre as sequéncias
MMTV-like presentes nas amostras humanas e a sequéncia do HERV-K10, que é
considerado o protoétipo de sequéncias enddégenas com similaridade ao MMTV.

Em relagdo as correlagdes entre a presencga do gene env do MMTV-
like no tecido tumoral e caracteristicas clinico-patolégicas do CM, a meta-analise de
WANG et al. (2014) nado demonstrou associagao entre a presenga do env do MMTV-
like e expresséo de RE, RP, HER2, p53 ou grau histolégico. No entanto, o trabalho
publicado por nosso grupo demonstrou, nos subtipos Luminal B e HER?2
superexpresso, correlagdes entre a presenga do gene env MMTV-like no tecido
tumoral e parametros clinico-patologicos indicativos de melhor progndstico, como

menor tamanho do tumor, menor estadiamento TNM e menor frequéncia de
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metastase em linfonodos. Nossos resultados sugerem que MMTV-like pode exibir
efeitos especificos de subtipo em CM e reforcam a necessidade de considerar os
subtipos de CM como entidades separadas ao investigar biomarcadores (DE
SOUSA PEREIRA et al., 2020).

E possivel observar que o envolvimento do MMTV-like na
patogénese do CM humano vem sendo evidenciado na literatura com o passar dos
anos. Entretanto, os possiveis mecanismos do MMTV-like envolvidos no

desenvolvimento do CM permanecem desconhecidos.

1.4 ENzIMA DE EDICAO DE MRNA DE APOLIPOPROTEINA B, SEMELHANTE A POLIPEPTIDEO
CaTaLiTIcO 3 (APOBEC3)

O cancer necessita de mutagdes no genoma celular para que ocorra
a transformacao de uma célula normal em uma célula maligna. Assim, para prevenir
a iniciagdo tumoral e compreender a biologia do cancer, é necessario que se
identifiquem os processos e fontes de mutagdes (ALEXANDROV e STRATTON,
2014). De acordo com a origem, as mutacbes podem ser classificadas como
exdégenas, induzidas por agentes exteriores a célula, e enddgenas, geradas por
mecanismos inerentes a célula (HARRIS, BURNS e LEONARD, 2015).

O padrao de mutacées em uma célula tumoral pode revelar a origem
dessas mutagdes. Por exemplo, as transi¢des de citosina (C) para timina (T) em
sitios de dipirimidinas indicam mutagdes induzidas por radiagdo ultravioleta (UV),
enquanto conversdes de guanina (G) para T sado indicativas da agdo do tabaco
(HOLLSTEIN et al., 2016). Nos ultimos anos, tem sido evidenciado um padrdo de
mutacédo induzido pela agdo de enzimas com atividade citidina deaminases, como as
enzimas da familia das APOBECs (REBHANDL et al., 2015).

A familia das APOBECs em humanos engloba as seguintes
enzimas: a citidina desaminase induzida por ativagdo (AID), a APOBEC1, a
APOBEC2, a subfamilia APOBEC3 e a APOBEC4. Tais enzimas catalisam a
conversao de C em uracila (U) em sequéncias especificas DNA e/ou RNA, sendo
que, até o momento, a APOBEC2 e a APOBEC4 sao as uUnicas representantes
dessa familia que ndo apresentam atividade citidina deaminase confirmada
(MARINO et al., 2016; OKUYAMA et al., 2012). As APOBECs possuem diversas
fungdes fisioldgicas, dentre elas a de mediar os processos de hipermutagao e troca
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de isotipo de imunoglobulinas em linfécitos B (AID) e de promover edicdo do RNA
mensageiro da apolipoproteina B (APOBEC1). (REBHANDL et al, 2015). A
subfamilia APOBEC3, composta por 7 enzimas diferentes (APOBEC3A-D,
APOBEC3F-H), s&do induzidas durante infecgbes virais, principalmente pelos
interferons (IFN) do tipo |, e, dessa forma, s&o capazes de promover a inativagao de
virus por mutagdes em fitas simples de DNA durante a transcricdo reversa
(STAVROU e ROSS, 2015).

As mutagbes causadas pelas enzimas da familia da APOBEC ja
foram detectadas em aproximadamente 75% dos tipos de cancer (ALEXANDROV et
al., 2020), sendo que essas mutacdes provavelmente influenciam a evolugao tumoral
por meio da ativagdo de oncogenes e inativagdo de genes supressores tumorais
(HENDERSON et al., 2014). Diversos trabalhos demonstraram a presenca de
padrées de mutacdo consistentes com a atividade dessas enzimas no cancer de
bexiga, de colo de utero, de pulmao, de cabeca e pescoco e no CM (BURNS, TEMIZ
e HARRIS, 2013; ROBERTS et al., 2013).

Andlises anteriores ja demonstraram que a APOBEC3A e a
APOBEC3B eram capazes de induzir mutagcdes em células mamarias, porém, com a
demonstragdo da expressao nuclear da APOBEC3B, este seria o principal agente
mutagénico no CM por ter uma maior possibilidade de acesso ao material genético
da célula (BURNS et al, 2013). No entanto, com o refinamento dos estudos
baseados em expressao dos genes da APOBEC3A e APOBEC3B, sugeriu-se que a
expressdo APOBECS3A correlaciona-se fortemente com a carga mutacional
associada com as enzimas citidina deaminase no CM, em comparacao a expressao
da APOBEC3B (CORTEZ et al., 2019). Essa aparente contradi¢ao foi resolvida com
a distincdo dos padrbes de mutagdes mediados por APOBEC3A e APOBEC3B no
genoma do CM, sendo que a primeira enzima tem preferéncia por sitios YTCA (onde
Y representa C ou T) e a segunda reconhece sitios RTCA (onde R representa A ou
G), o que indicou que a APOBEC3A é um agente mutagénico mais potente que a
APOBEC3B (CHAN et al., 2015)

Uma variagdo genética que resulta na perda da sequéncia
codificadora do gene da APOBEC3B ja foi associada a uma maior carga de
assinatura mutacional e a um aumento no risco de CM (NIK-ZAINAL et al., 2014;
XUAN et al., 2013) (Figura 4), sugerindo que portadores do alelo deletado possuiam
maior atividade da APOBEC, visto que a delegcdo gera uma isoforma da APOBEC3A
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mais estavel (CHAN et al., 2015). Dessa forma, a delegcdo da APOBEC3B pode
desempenhar um papel no desenvolvimento do CM. Estudos ja apontaram a
participacado do polimorfismo de dele¢cdo do gene da APOBEC3B na suscetibilidade
ao desenvolvimento do CM em populagdes asiaticas e de etnia caucasoide
(KLONOWSKA et al., 2017), porem néo foi observada tal associagado na populagéo
brasileira (VITIELLO et al., 2020).

Figura 4 — Representacao do alelo de delegao hibrido APOBEC3A-APOBEC3B.
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Hybrid APOBEC3A-APOBEC3B deletion allele

Os genes APOBEC3A e APOBECS3B estao localizados em conjunto cromossomo 22. O polimorfismo
envolve uma deleg¢édo da sequéncia codificadora de APOBEC3B (em destaque), fundindo a 3' UTR de
APOBEC3B a 3' UTR de APOBEC3A. Fonte: NIK-ZAINAL et al. (2014)

Considerando os fatores prognoésticos do tumor mamario, alguns
estudos demonstraram uma correlagdo entre a expressdao da APOBEC3B e a
proliferagcéo celular, a invasao linfatica e venosa, a metastase linfatica e o maior grau
histopatologico do tecido tumoral (CESCON, HAIBE-KAINS e MAK, 2015; TSUBOI
et al., 2015). Um estudo de LEFEBVRE et al. (2016) demonstrou um aumento
significativo na mutagénese mediada por APOBEC em tumores de mama
metastaticos receptores hormonais positivos e HER2 superexpresso quando
comparados com CM primario em estagio inicial. Além disso, a maior expresséo de
APOBEC3B influencia a resposta terapéutica, o que foi evidenciado no menor
beneficio clinico no uso de tamoxifeno em pacientes com tumores RE positivo (LAW
et al., 2016; SIEUWERTS et al., 2014).

Apesar da importancia da expressdao das enzimas da familia
APOBECs em diversos tumores estar bem definida, pouco se sabe sobre os
mecanismos que regulam sua expressdo. Por serem importantes no controle de

infecgdes virais e induzidas por sinalizagdo de respostas antivirais (SMITH et al.,
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2012; VERHALEN et al., 2016), é plausivel que os virus estejam envolvidos nesse
processo.

Em um estudo realizado por OKEOMA et al. (2009) foi verificado que
APOBEC3 de camundongo reduz a infecgédo pelo MMTV em seu hospedeiro natural,
através da restricado da infeccao em células dendriticas. Assim, o0 aumento dos niveis
da APOBEC3 em camundongos pode levar a niveis aumentados de restricao viral.
Além disso, em ratos, a APOBEC3 demonstrou inibir infeccoes de MMTV e
replicacdo viral (MACMILLAN, KOHLI e ROSS, 2013; OKEOMA et al., 2010;
OKEOMA et al., 2009).

O MMTV-like foi associado com melhor prognéstico do CM humano
e um possivel mecanismo que explicaria essa associagdo seria a ativagcao de
respostas imunes antivirais no microambiente tumoral (DE SOUSA PEREIRA et al.,
2020). De fato, o CM mostra expressdao aumentada de genes relacionados a
inflamacao e infecgao viral, como interferon (IFN) (FERNANDEZ-COBO et al., 2006).
A resposta imune modulada pelos IFNs tipo |, que sdo classicamente ativados
durante infeccbes virais, tem se mostrado um importante fator supressor no
processo metastatico (SLANEY et al., 2013). Em conjunto, esses estudos sugerem
que a familia APOBEC, particularmente as enzimas APOBEC3A e APOBEC3B,
podem desempenhar um papel central nos estagios iniciais da indugcdo do CM
(LAWSON, SALMONS e GLENN, 2018). Estudos adicionais sdo necessarios para
confirmar a possivel ligagado entre MMTV-like, as enzimas da familia da APOBEC3 e

o desenvolvimento do CM.

1.5 INTERFERON-GAMA

Os IFN séao proteinas com fungdes imunomodulatérias, citostaticas e
citotdxica, consideradas importantes na resposta antiviral. Envolvidos tanto na
resposta imune inata como na adaptativa, participam e modulam também a resposta
imune do hospedeiro frente aos tumores (SELIGER, RUIZ-CABELLO e GARRIDO,
2008). Sao reconhecidos trés tipos distintos de IFNs, os tipos |, Il e Ill, baseados na
sua estrutura proteica, receptor ao qual se ligam e atividades bioldgicas
(DONNELLY, RAYMOND P. e KOTENKO, SERGEI V., 2010).

A familia IFNs do tipo | possuem diversas fungbes na defesa

antiviral, dentre elas a capacidade de limitar a propagacédo do virus; modular a
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resposta imune inata, promovendo a apresentacdo de antigenos e a atividade de
células natural killers (NK) enquanto restringe as vias pro-inflamatorias e a produgao
de citocinas; ativam o sistema imune adaptativo, promovendo o desenvolvimento de
células T de alta afinidade e da resposta de células B, com subsequente producao
de memoria imunoldgica (DONNELLY, R. P. e KOTENKO, S. V., 2010). Ja a familia
do IFN do tipo Il possui apenas um membro, o IFN-y, que possui similaridade
funcional, porém nao estrutural (SEN, 2001).

A resposta inicial as infecgbes virais consiste na inducdo de altos
niveis de IFNs tipo I. Apds essa primeira fase, uma segunda onda de citocinas é
produzida e secretada, sendo elas o fator de necrose tumoral (TNF), a interleucina
(IL) -6, a IL-12 e o IFN-y. O IFN-y é produzido apenas pelas células do sistema
imunoldgico, sendo as principais fontes as células NK e os linfocitos T. Agentes
infecciosos, como os virus, desencadeiam a produgao de IL-12 por macréfagos, que
por sua vez promovem a sintese de IFN-y. A produgao de IFN-y € aumentada por IL-
1, IL-2, fatores de crescimento, estrogénio e o proprio IFN-y e € inibida por
glicocorticéides, fator de crescimento transformador- (TGF-B) e IL-10 (SEN, 2001).

Com a identificagdo do IFN-y, foi evidenciado o receptor na
superficie celular para esta citocina. A cadeia a do IFN-yR, também conhecida como
IFN-y R1 ou CD119, foi o primeiro componente do receptor a ser elucidado. Embora
se ligue ao IFN-y com afinidade relativamente alta, o IFN-y R1 sozinho é incapaz de
mediar as respostas biolégicas do IFN-y (HEMMI et al., 1989). Estudos
subsequentes levaram a identificacdo de um fator acessorio (AF-1), também
conhecido como cadeia 3 do receptor ou IFN-yR2, como a proteina necessaria para
dotar uma célula com a capacidade para responder ao IFN-y (FISCHER et al., 1990).
Residuos citoplasmaticos especificos de ambas as cadeias a e B do IFN-yR sé&o
criticos para a transducgao do sinal de IFN-y da superficie da célula para o nucleo
através da ativagdo de vias de sinalizagéo intracelular (FARRAR, FERNANDEZ-
LUNA e SCHREIBER, 1991).

O efeito imunomodulador do IFN-y inspirou a utilizacdo dessa
citocina em tratamentos de diversas doengas, incluindo o cancer (MILLER, MAHER
e YOUNG, 2009). Estudo realizado em linhagem celular de fibrosarcoma refratario
ao IFN-y demonstrou o papel importante dessa citocina na detecgao e eliminagéo de
células tumorais (DIGHE et al., 1994). Também foi sugerido que o IFN-y participa

das fungdes de vigilancia do tumor, aumentando a imunogenicidade das células
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tumorais (KAPLAN et al., 1998), principalmente através da regulagéo positiva dos
genes do MHC classe | (WEBER e ROSENBERG, 1988). Além disso, o uso de IFN-y
recombinante mostrou estar envolvido nos efeitos antiproliferativos (CHIN et al.,
1996; HOBEIKA et al., 1999; PLATANIAS et al., 1999), antiangiogénicos (BEATTY e
PATERSON, 2001; COUGHLIN et al., 1998; RUEGG et al., 1998) e pro-apoptoticos
(CHAWLA-SARKAR et al., 2003) contra as células tumorais.

Apesar de classicamente o IFN-y possuir um papel na vigilancia
imune tumoral, estudos sugerem que ele também pode ter efeitos protumorigénicos,
ao moldar a imunogenicidade do tumor e promover o crescimento de células
tumorais com propriedades evasivas do sistema imunolégico (BERNABEI et al.,
2001; GARBE et al., 1990; LOLLINI et al., 1993; TANIGUCHI et al., 1987).

O CM tem como um de seus mais notaveis componentes o
estrogénio, que exerce sua atividade bioldgica, incluindo a proliferagéo celular, por
meio de agdes dos RE: REa e REB (YUE et al.,, 2013). Enquanto a expressao do
REa se restringe a células epiteliais mamarias, a expressdo de REB é distribuida
para, além dos nucleos de células epiteliais de glandulas saudaveis e malignas,
nucleos de células estromais e endoteliais (SKLIRIS et al., 2003).

O REP se apresenta como um fator de prote¢cao no desenvolvimento
de tumores enddcrinos, como o CM, sendo também um modulador negativo do REa
(NILSSON et al., 2001; PETTERSSON, DELAUNAY e GUSTAFSSON, 2000). NIU et
al. (2015) sugerem que a correlagdo entre a expressado de IFN-y e RE[ corrobora
com o papel sugestivo de prote¢cédo do IFN-y no comportamento maligno. Além disso,
a atividade autécrina de IFN-y na linhagem de CM MCF-7 aumenta a expressao do
RNAmM do RER, elevando também a sensibilidade ao tratamento por tamoxifeno.

HEIMES et al. (2020) demonstraram que uma maior expressao da
assinatura génica de IFN-y esta associada a melhor prognoéstico do CM em uma
coorte 461 pacientes. Adicionalmente, o impacto prognostico dessa assinatura foi
particularmente pronunciado nos subtipos luminais B, HER2-positivo e basaloide,
sugerindo que a via do IFN-y desempenha um papel importante, em tumores

altamente proliferativos.
1.6 PROTEINA SUPRESSORA TUMORAL P53

A origem e o desenvolvimento neoplasico sao caracterizados por
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diversas alteragbes, conforme apresentadas anteriormente (HANAHAN e
WEINBERG, 2000; HANAHAN e WEINBERG, 2011). Dentre os principais grupos de
genes que podem sofrer alteragdes durante o processo neoplasico estdo os genes
supressores tumorais (HANAHAN e WEINBERG, 2000). As proteinas codificadas
pelos genes supressores tumorais fazem parte das vias de sinalizagdo celular,
atuando como reguladores da proliferagao celular através do retardo da progressao
do ciclo celular, do bloqueio da diferenciagcado ou da indug¢ao da apoptose (VERMA e
TRIANTAFILLOU, 1998). Dessa forma, mutagdes que levam a inativagdo destes
genes sdo capazes de liberar a célula da inibicdo imposta pelas proteinas
codificadas pelos mesmos, levando a uma proliferacdo celular desordenada
(WEINBERG, 1991).

Dentre os supressores tumorais conhecidos, a proteina p53 atua
como uma reguladora de diversas vias de sinalizagdo importantes para a célula. A
ativacdo da proteina p53 se da em resposta a diversas fontes de estresses
celulares, como o proprio dano ao DNA celular, levando a um acumulo da proteina
na célula. A atividade supressora da p53 resulta na regulagédo transcricional de
outros genes que estdo envolvidos na parada do ciclo celular, na apoptose, no
envelhecimento celular (senescéncia), no reparo de DNA e na diferenciagao celular
(BIEGING, MELLO e ATTARDI, 2014; HASHIMOTO, NAGANO e TANAKA, 2019;
VAN HEEMST, MOOIJAART, BEEKMAN, SCHREUDER, DE CRAEN, BRANDT,
ELINE SLAGBOOM, et al., 2005). Além dessas atividades, a p53 é capaz de atuar
regulando a expresséo de genes que atuam no metabolismo. Dessa forma, quando
ocorre uma mudanga no metabolismo intracelular, a p53 é ativada, levando a célula
a um estado de esgotamento de energia, com o objetivo de corrigir esse
desbalanceamento metabdlico. Apds essa correcdo, a célula retorna ao estado de
homeostasia (HASHIMOTO, NAGANO e TANAKA, 2019).

A proteina p53 também contribui com a resposta imunoloégica na
tentativa de erradicar patégenos, como os virus (RIVAS, AARONSON e MUNOZ-
FONTELA, 2010), sendo capaz de ativar a expresséo de diversos genes associados
a resposta imune inata, como o gene do TLR3 e da proteina quimioatraente de
mondcitos 1 (MCP-1) (HACKE et al., 2010; TAURA et al., 2008). A transcrigdo do
gene TP53 é induzida pela sinalizagdo dos IFNs do tipo |, o IFN-a e o IFN-B
(MUNOZ-FONTELA et al., 2008).

As mutacbes somaticas na proteina p53 sdo uma caracteristica
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frequente em grande parte dos tumores de ocorréncia natural, estando presente em
50% dos tumores primarios. Nos tumores de mama, pulméo e coélon podem ser
observados em até 85% dos casos (HOLLSTEIN et al., 1991). O alelo mutado leva a
produgao defeituosa da proteina p53, impedindo que ela se ligue ao DNA e ative a
transcricdo de genes. Diversos virus, que ja foram associados ao desenvolvimento
tumoral, possuem mecanismos capazes de inibir, direta ou indiretamente, a atividade
supressora tumoral da proteina p53 (COLLOT-TEIXEIRA et al., 2004).

O gene que codifica a proteina p53, o TP53, esta localizado no
brago curto do cromossomo 17 (17p13.1) (ISOBE et al., 1986; LIU et al., 2010).
Diversos polimorfismos genéticos ja foram identificados, sendo que o de maior
destaque é o polimorfismo rs1042522 (Arg72Pro) e a sua relagdo com diversas
neoplasias humanas tem sido alvo de investigacéo (KIETTHUBTHEW et al., 2003).

O polimorfismo Arg72Pro esta localizado no éxon 4, no cdédon 72, e
€ um polimorfismo de nucleotideo unico (SNP), no qual ocorre a troca de uma
guanina (G) por uma citosina (C), ocasionando alteragdes estruturais da proteina e,
consequentemente, influenciando em sua atividade (BERGAMASCHI et al., 2006;
DUMONT et al., 2003; THOMAS, M. et al., 1999; THOMAS, MIRANDA et al., 1999).
Na presenga da guanina no cdédon 72 (CGC), a sequéncia genética codifica o
aminoacido arginina (Arg). Ja quando ocorre a troca por uma citosina na mesma
regidao (CCC), o aminoacido codificado é a prolina (Pro). Dessa forma, trés gendtipos
diferentes deste polimorfismo podem ser observados: homozigoto GG (Arg/Arg),
heterozigoto GC (Arg/Pro) e homozigoto CC (Pro/Pro) (MATLASHEWSKI et al.,
1987).

Diferentes caracteristicas foram atribuidas para a presenca dos
aminoacidos Arg e Pro na proteina p53. Estudos demonstraram que a presenga do
aminoacido Arg estimula a apoptose, enquanto que a presenga da Pro induz a
bloqueio do ciclo celular e reparagdo do DNA (DUMONT et al., 2003; PIM e BANKS,
2004; SIDDIQUE, M. e SABAPATHY, K. J. O., 2006). Pelo fato da Pro possuir um
menor potencial para apoptose, a presenca do alelo que codifica esse aminoacido
em homozigose pode ser considerada mais oncogénica do que a presenga do alelo
que codifica a Arg em homozigose (VAN HEEMST, MOOIJAART, BEEKMAN,
SCHREUDER, DE CRAEN, BRANDT, SLAGBOOM, et al., 2005).

O polimorfismo Arg72Pro ja foi relacionado com maior risco de
desenvolvimento de diferentes tipos de céancer (WHIBLEY, PHAROAH e
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HOLLSTEIN, 2009), sendo que este polimorfismo apresentou uma relagéao
importante com o desenvolvimento do CM (HOSSAIN et al., 2017; SIDDIQUE, M. e
SABAPATHY, K., 2006; VOGELSTEIN, LANE e LEVINE, 2000).

Estudos sobre possiveis mecanismos da resposta antiviral, incluindo
o perfil de citocinas e a proteina p53, em individuos que apresentam as sequéncias
génicas do MMTV-like sdo escassos na literatura. Desta forma, este trabalho
procurou pesquisar diferentes fatores que poderiam influenciar a susceptibilidade
e/ou prognostico da doenga, enfatizando o carater multifatorial do carcinoma

mamario.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar o envolvimento e as implicagcbes do estresse cronico, do
virus do tumor mamario humano (MMTV-like) e mecanismos da resposta imune

antiviral em pacientes diagnosticadas com CM.

2.2 OBJETIVOS ESPECIFICOS

Artigo 1: Avaliar a associagao dos estressores cronicos prévios ao
diagnostico de CM com o desenvolvimento dessa doencga.

Artigo 2: Avaliar a associagdo dos gendtipos do polimorfismo de
delecao APOBEC3B (A3A/B) com a deteccdo do gene env do MMTV-like em
pacientes com CM.

Artigo 3: Quantificar os niveis plasmaticos de IFN-y e avaliar a
associacao desses niveis plasmaticos com a deteccao do gene env do MMTV-like e
parametros clinico-patoldgicos de pacientes diagnosticadas com CM.

Artigo 4: Avaliar o polimorfismo rs1042522 Arg72Pro no gene TP53

e a associagao dos gendtipos com a presenga do MMTV-like em pacientes com CM.
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ABSTRACT

The clinical course of breast cancer (BC) and survival depend on a wide range of risk factors. From the psychoso-
matic point of view, BC is one of the most studied type of cancer but there is no evidence available for this relation.
Therefore, in the present study we evaluate the impact of chronic life stressors in BC patients. A total of 100 BC
patients were invited to participate in an interview, when information about social parameters and emotional
changes in the period prior to diagnosis were collected. The emotional changes were evaluated by the Holmes and
Rahe's Stress Scale, which analyzes the difficulty required for a person to readjust to society after significant
changes in their life. Clinicopathological parameters were obtained from the medical records. For all data, the level
of significance adopted was p <0.05. It was observed that 55.2 % of the patients have a medium and 13.8 % were
at high risk for disease development related to stressful events in the period prior to the BC diagnosis. The highest
stress levels were presented by separated, divorced, or widowed patients compared to married (p <0.01) and single
(p = 0.037) patients. The high-risk (HR) group had a lower proportion of positivity for estrogen receptor when
compared to the low (LR) and moderate risk (MR) groups (p= 0.001). In addition, a binary logistic regression
analysis was performed, and we found that the relationship between the estrogen receptor and the HR of chronic
stress was independently associated with the histological type of BC and lymph nodes involvement. The relation-
ship of stressful life experiences and BC is not well established, so our study collaborates with the literature to
demonstrate the importance of stress as a factor associated with the development of BC.
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INTRODUCTION

Breast cancer (BC) is the most common ma-
lignant tumor in women, excluding cases of
non-melanoma skin cancer. The estimated
global incidence of BC was 2.3 million new
cases in 2020 (Sung et al., 2021). An estimated
66,280 new cases of BC are expected in Brazil
for each year of the 2020-2022 triennium
(INCA, 2019).

BC has high clinical, morphological and bi-
ological heterogeneity and is associated with
different gene expression profiles, enabling the
identification of distinct molecular subtypes,
with prognostic factors and specific therapeutic
targets (Cirqueira et al., 2011). This molecular
classification is made using the following mark-
ers in the clinical routine: estrogen receptors
(ER), progesterone receptors (PR), overexpres-
sion of type 2 human epidermal growth factor
receptor (HER2) and the cellular proliferation
index Ki-67. Thus, from the gene expression
profiles of these markers, four molecular sub-
types were initially identified: Luminal-A (LA;
ER/PR+ HER2-), Luminal-B (LB; ER/PR+
HER2+), HER2-enriched (HER2; ER- PR-
HER2+) and triple-negative (TN; ER- PR-
HER2-) (Cirqueira et al., 2011; Perou et al.,
2000; Sorlie et al., 2001).

Despite having a relatively good prognosis,
when diagnosed in the early stages and treated
in a timely manner, BC is detected in more ad-
vanced stages in low- and middle-income coun-
tries, significantly reducing patient survival
(INCA, 2017). The clinical course of BC and
overall survival vary for each patient and de-
pend on a number of risk factors, such as age,
family history, early menarche, late menopause,
advanced age in the first pregnancy, nulliparity
and hormone replacement therapy (Ban and
Godellas, 2014; Brewer etal., 2017; Horn et al.,
2013; Siegel et al., 2017). Lifestyle, such as ex-
cessive use of alcohol and a high-fat diet, were
identified as important risk factors (Jung et al.,
2016; Makarem et al., 2013).

Since ancient times, there has been a belief
that psychological factors, such as traumatic
emotional experiences, could affect the suscep-
tibility and course of a disease (O'Leary, 1990).
One of the main explanations for this phenom-
enon would be the theory of allostatic over-
load/bankruptcy. Allostasis is related to the
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maintenance of an intensely complex and dy-
namic internal balance of the different biologi-
cal systems, functioning as “circuits intercon-
nected in parallel”, which are activated con-
comitantly and can be influenced by both intrin-
sic and extrinsic stress factors (Goldstein and
Kopin, 2007; McEwen, 2000; Sterling and
Eyer, 1988). When these stress modulation sys-
tems fail, that is, they suffer from a state of al-
lostatic overload, they promote chronic activa-
tion of the physiological response to stress, such
as, a hyperactivation of the hypothalamic-pitui-
tary-adrenal axis, increased pro-inflammatory
cytokines and a state of chronic hypercorti-
solism. Changes can generate irreparable dam-
age to the individual and lead to the develop-
ment of diseases related to chronic stress, such
as cancer, psychiatric disorders and cardiovas-
cular diseases (McEwen, 1998; McEwen and
Gianaros, 2010).

BC is one of the most studied types of can-
cer from the psychosomatic point of view,
mainly because it is one of the most prevalent in
the female population. Cormanique et al.(2015),
using the Self-Reporting Questionnaire (SRQ-
20) scale, developed by the World Health
Organization (WHO) to screen for psychiatric
disorders, showed that women with a previous
history of chronic stress has a higher prevalence
of'the HER2 BC subtype. Dourado et al. (2018)
showed an association between stressful life
events after BC diagnosis, using the Holmes
and Rahe Stress Scale, and the development of
metastasis. However, Santos et al. (2009),
through a meta-analysis, concluded that stress-
producing life events would not be associated
with risk of BC.

Although there is much discussion and con-
troversial results about the role of stressful life
events and cancer, little is known about the im-
pact that past chronic life stressors have on de-
termining BC and its respective molecular sub-
types. Therefore, the objective of the present
study was to evaluate the association of previ-
ous chronic stressors to the BC diagnosis, as-
sessed by the Holmes and Rahe Stress scale, and
their respective molecular subtypes in women
monitored at Londrina Cancer Hospital (LCH),
Parana, Brazil.



METHODS

Sample selection

The present study was approved by the Eth-
ics Committee of the Londrina State University,
Parand, Brazil, agreeing with the National Com-
mission of Ethics in Research (CAAE:
68744617.0.0000.5231). The BC patients were
invited, randomly, to participate in this project
during the clinical care in LCH and the in-
formed consent form was signed by all patients
prior to data collection.

Data collection

A total of 100 BC patients participated in an
interview after medical care at LCH, with the
objective of collecting information about social
parameters, such as marital status, ethnicity,
number of children and job occupation. In addi-
tion, patients were asked about events that
marked emotional changes in a period prior to
BC diagnosis, which were evaluated by the
Holmes and Rahe Stress Scale (Holmes and
Rahe, 1967). This scale analyzes the difficulty
required for the person to readjust to society af-
ter significant changes in their life, which gen-
erate emotional distress leading to various dis-
eases. The instrument consists of a list of 42
events, such as the death of a spouse or a close
relative, divorce, marital separation, profes-
sional changes, among others. The instrument
measures the intensity and duration of the time
needed to adapt to a life event and is based on
the concept that any change is considered a
stressful factor. Each event has a score given by
the authors of the instrument, ranging from 11
to 100 points.

During the interview, the patients reported
several situations that caused them some emo-
tional change and all of them could be identified
in the events presented by the Holmes and Rahe
Stress scale. For the statistical analyses, the fi-
nal score of each patient was considered, which
consisted of the sum of the points of each event
reported by them. The Holmes and Rahe Stress
scale were categorized into 3 groups for risk of
disease development associated with chronic
stress levels: low risk (LR) (final score lower
than 150), medium risk (MR) (final score 150-
299) and high risk (HR) (final score greater than
300).

51

The clinicopathological parameters were
obtained from the medical records of these pa-
tients and the immunohistochemical analysis
for the HER2, ER, PR and Ki-67 markers was
performed at the Laboratory of Clinical Pathol-
ogy of the LHC, following a standard protocol
(Hammond et al., 2010; Wolff et al., 2013). Of
the patients analyzed, 95 were classified ac-
cording to the expression of the markers in spe-
cific molecular BC subtypes.

Statistical analysis

The data obtained in the interviews were
used to evaluate the distribution and relation of
social parameters and clinicopathological pa-
rameters with the levels of chronic stress before
BC diagnosis. Initially, univariate analyzes
were performed and, subsequently, multivariate
analyzes to rule out possible confounding fac-
tors, respecting the criteria for each statistical
test. For all data the significance level adopted
was p <0.05. The SPSS 22.0 (Chicago, Illinois,
USA) statistical program was used for all ana-
lyzes.

RESULTS

All women were interviewed and were
stratified according to the expression of hor-
mone receptors, HER2 overexpression and Ki-
67 cell proliferation index in molecular sub-
types. We observed that 45 % of patients were
classified as Luminal-B, 42 % as Luminal-A,4
% as HER2 and 4 % as TN. In addition, 5 pa-
tients could not be classified according to mo-
lecular subtypes due to lack of data in medical
records. Distribution of social and clinicopatho-
logical characteristics, such as number of chil-
dren, marital status, ethnicity, age, among oth-
ers are shown in Table 1.

To analyze the involvement of chronic
stressors in the period prior to BC diagnosis, the
patients reported whether any daily events
would have led to an emotional change in them.
Patients who did not feel comfortable talking
about their emotional feelings or stressful
events (n = 13) were excluded from the analy-
sis, thus a total of 87 patients were analyzed. It
was observed that 31 % of the patients were at
aLR, 55.2 % were at a MR and 13.8 % were at
HR for developing disease due to the stress lev-
els in the period prior to BC diagnosis.



Table 1: Patients’ social and clinicopathological characteristics

Parameters

Mean (SD)
Median (IQR)
<1
2-3
24
Unknown

Single
Married
Separated
Divorced
Widow

Caucasian
Non-Caucasian

Housewife
Rural Worker
Urban Worker

Mean (SD)
Median (IQR)
<40 [n(%)]
40-49 [n(%)]
50-59 [n(%)]
60-69 [n(%)]
70-79 [n(%)]
280 [n(%)]

IDC
ILC
Unknown

Negative
Positive
Unknown

Negative
Positive
Unknown

Negative
Positive
Unknown

Low
Moderate
High
Unknown

Negative
Positive

Negative
Positive
Unknown

SD: standard deviation;

lobularcarcinoma

General BC Luminal-A
Number of children
2(2) 2(1)
2(2) 2(2)
27 (27.6) 14 (35.0)
52 (53.1) 23 (57.5)
19 (19.4) 3(7.5)
2 2
Marital Status [n (%)]
8(8.0) 6 (14.3)
56 (56.0) 25 (59.5)
10 (10.0) 4(9.5)
8(8.0) 2(4.8)
18 (18.0) 5(11.9)
Ethnicity [n (%)]
82 (82.0) 34 (81.0)
18 (18.0) 8(19.1)
Job Occupation [n (%)]
29 (29.0) 11 (26.2)
14 (14.0) 5(11.9)
57 (57.0) 26 (61.9)
Age (years)
53 (11) 51 (11)
53 (18) 49 (16)
8(8.0) 4 (9.5)
36 (36.0) 17 (40.5)
23 (23.0) (26.2)
28 (28.0) 9(21.4)
3(3.0) 1(24)
2(2.0) 0(0.0)
Histological Type [n (%)]
91 (100.0) 36 (100.0)
0(0.0) 0(0.0)
9 6
Estrogen Receptor [n (%)]
9(9.3) 1(24)
88 (90.7) 41 (97.6)
3 0
Progesterone Receptor [n (%)]
30 (30.9) 7 (16.7)
67 (69.1) 35 (83.3)
3 0
HER2 [n (%)]
70 (74.5) 42 (100.0)
24 (25.5) 0(0.0)
6 0
Ki67 [n (%)]
35 (51.5) 29 (100.0)
27 (39.7) 0(0.0)
6 (8.8) 0 (0.0)
32 13
Lymph Node Involvement [n (%)]
56 (56.0) 24 (57.1)
44 (44.0) 18 (42.9)
Metastasis [n (%)]
82 (82.8) 35 (83.3)
17 (17.2) 7 (16.7)
1 0

IQR: Interquartile range; IDC:

Luminal-B

3(2)

2 (3)
12 (26.7)
21 (46.7)
12 (26.7)

0

2(4.4)
26 (57.8)
4(8.9)
4(8.9)
9 (20.0)

38 (84.4)
7 (15.6)

16 (34.1)
7 (15.9)
22 (50.0)

55 (12)
57 (16)
4(8.9)
13 (28.9)
10 (22.2)
15 (33.3)
2(4.4)
1(2.2)

43 (100.0)
0(0.0)
2

0(0.0)
45 (100.0)
0

14 (31.1)
31(68.9)
0

24 (54.5)
20 (45.5)
1

5(13.9)

25 (69.4)

6 (16.7)
9

24 (53.3)
21 (46.7)

40 (88.9)
5(11.1)
0

invasive ductal carcinoma;

HER2

3(2)
2(2)
0(0.0)
3(75.0)
1 (25.0)
0

0(0.0)
1 (25.0)
1 (25.0)
0(0.0)
2 (50.0)

3(75.0)
1(25.0)

0(0.0)
0(0.0)
4 (100.0)

47 (6)
44 (6)
0(0.0)

3(75.0)
1 (25.0)
0(0.0)
0(0.0)
0(0.0)

4 (100.0)
0(0.0)
0

4 (100.0)
0(0.0)
0

0(0.0)
4 (100.0)
0

0(0.0)
4 (100.0)
0

1(33.3)

2(66.7)

0(0.0)
1

1(25.0)
3(75.0)

0(0.0)
4 (100.0)
0

52

3(100.0)
0(0.0)
1

4 (100.0)
0(0.0)
0

4 (100.0)
0(0.0)
0

4 (100.0)
0(0.0)
0

3(75.0)
1(25.0)

3(25.0)
1(75.0)
0

ILC: invasive



We observed that most patients (69 %) re-
ported the death of a spouse, family member or
close friend as an important fact in their emo-
tional change before BC diagnosis. However,
no statistical difference was observed between
the risk groups (p = 0.089, data not shown).

The next step was to associate the groups at
risk of developing diseases associated with
chronic stress with the sociodemographic pa-
rameters (Table 2). There was an association
between the patients' marital status and the
chronic stress groups prior to diagnosis (p =
0.012). Based on this result, women were clas-
sified according to their marital status and the
medians of the final scores obtained by the
Holmes and Rahe stress scale for each group
were compared. It was observed that the highest
levels of stress were presented by separated, di-
vorced or widowed patients compared to mar-
ried (p <0.01) and single (p = 0.037) patients.

Finally, we evaluated the association be-
tween the risk groups and the clinicopathologi-
cal parameters (Table 3). A lower proportion of
ER positive was observed in women in the HR
group when compared to the LR and MR
groups. A binary logistic regression analysis
was performed using the ER as a dependent var-
iable and the histological types, lymph nodes in-
volvement and the HR group as independent
variables (Table 4). The relationship between
the ER and the HR of chronic stress (Holmes
and Rahe > 300) was independent of the histo-
logical type and lymph nodes involvement.
Marital status was not included due to high col-
linearity with HR of chronic stress on this scale
used.
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DISCUSSION

In the present study, it was observed an
association between patients' marital status
and risk groups for developing diseases based
on stress levels, with the highest stress levels
presented by the separated, divorced or wid-
owed patients compared to married and single
patients. Furthermore, women in the HR
group had a lower proportion of positivity for
ER when compared to the LR and MR groups.
There are no data prior to this study in the lit-
erature demonstrating the association of stress
levels with clinicopathological parameters of
BC.

Marital status influences quality of life, a
fact that was demonstrated in a study in which
elderly people who were married or living in a
stable union had better psychological quality of
life compared to widowed, single, divorced el-
derly people (Roncon et al., 2015). The involve-
ment of marital status with the risk of develop-
ing BC has been reported in several studies in
the literature. A prospective study by Lillberg et
al. (2003) demonstrated a two-fold increase in
the risk of developing BC in a group of Finnish
women after divorce and separation process. A
similar result was observed by a case-control
study of Li et al. (2016), in which Chinese
women with marital status considered dishar-
monious are 1.16 times more likely to develop
BC. However, other studies demonstrate the
protective factor of marital status (married,
separated, divorced and widows) in relation to
the development of BC (Ewertz, 1986; Kvikstad
et al., 1994; Lillberg et al., 2003).

Table 2: Association analysis between groups of risk of disease development associated with chronic

stress levels and social parameters

Social Parameters

Low Risk
(<150)
Ethnicity Caucasian 22
(n=87) Non-Caucasian 5
Marital Status Single 2
(n=87) Married 20
Separated/ 3
Divorced
Widow 2
Number of Chil- <1 4
dren 2-3 16
(n=80) 24 4
Job Occupation Housewife 10
(n=86) Rural Worker 3
Urban Worker 14

Holmes and Rahe Stress Scale

p-value
Medium Risk
(150-299)
39
9
4
26
9

High Risk (>300)
1.000

0.012*

-
aNON g

9
12
25

9
13

8
27

0.779

0.790

=N WO O

Fisher's exact test with Monte Carlo correction. *p<0.05
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Table 3: Analysis of the association between groups of risk of disease development associated with chronic stress levels with clinicopathological

parameters inpatients

Age

Age at diagnosis
Histological Type
PR

ER

HER2

KI-67

Molecular Subtype

Lymph Node
Involvement
Metastasis

IDC (n=79)

ILC (n=8)

Positive (n=58)
Negative (n=24)
Positive (n=78)
Negative (n=4)
Positive (n=18)
Negative (n=63)
High (n=5)

Moderate (n=21)
Low (n=34)
Luminal-A (n=39)
Luminal-B (n=37)
Triple Negative (n=4)
HER2 Overexpressed (n=4)
Positive (n=30)
Negative (n=48)
Positive (n=16)
Negative (n=71)

Low Risk
(<150)
Mean / n (%) +SD

55.4 9.0
49.7 10.9
27 (96.4)
1(3.6)
22 (78.6)
6 (21.4)
28 (100.0)
0(0.0)
10 (37.0)
17 (63.0)
1(8.3)
3 (25.0)
8 (66.7)
12 (44.4)
13 (48.2)
1(3.7)
1(3.7)
10 (35.7)
18 (64.3)
4 (14.3)
24 (85.7)

Holmes and Rahe Stress Scale

Medium Risk
(150-299)
Mean / n (%)

58.7
54.5
43 (91.5)
4 (8.5)
29 (67.4)
14 (32.6)
42 (97.7)
1(2.3)
9 (20.5)
35 (79.5)
4(10.8)
14 (37.8)
19 (51.4)
20 (44.4)
20 (44.4)
3(6.7)
2 (4.5)
27 (56.2)
21 (43.8)
10 (21.3)
37 (78.7)

T Kruskal-Wallis test; ¥ Chi-square test. IDC: invasive ductal carcinoma. CLI: invasive lobular carcinoma

*SD

11.0
10.9

High Risk
(=150)
Mean / n (%)

58.2
55.2
9 (75.0)
3 (25.0)
7 (63.6)
4 (36.4)
8 (72.7)
3(27.3)
1(8.3)
11 (91.7)
0(0.0)
4 (36.4)
7 (63.6)
7 (58.3)
4 (33.3)
0(0.0)
1(8.4)
3 (25.0)
9 (75.0)
2 (16.7)
10 (83.3)

*SD

12.7
13.0

p-value

0.431%
0.192t
0.096%
0.516%
0.001%
0.110%

0.715%

0.899%

0.069%

0.741%



Table 4: Binary logistic regression analysis by the backward

asdependent variable

Model 1 B Wald df
Histological Type -0.17 0.01 1
Lymph Node -0.03 0.72 1
Involvement
Homes Rate 2300 3.48 6.79 1
Constant -3.64 4.64 1

Model 2 B Wald df
Lymph Node
Involvement -1.03 0.73 1
Homes Rate 2300 3.52 7.44 1
Constant -3.79 12.53 1

Model 3 B Wald df
Homes Rate 2300 3.25 7.18 1
Constant -4.23 17.67 1

method using the estrogen receptor

p-value OR 95% confidence interval
for Wald statistics
Lower Higher
Value Value
0.905 0.843 0.051 13.819
0.396 0.357 0.033 3.850
0.009* 32.700 2.375 450.265
0.031* 0.026
p-value OR 95% confidence interval
for Wald statistics
Lower Higher
Value Value
0.391 0.35 0.033 3.796
0.006* 34.07 2.702 429.864
0.000* 0.022
I OR 95% confidence interval
p-value for Wald statistics
Lower Higher
Value Value
0.007* 25.87 2.398 279.189
0.000* 0.014

Model 1: NagelKerke R Square 0.332, Model 2: NagelKerke R Square 0.332 and Model 3: NagelKerke R
Square 0.306. DF: degree of freedom. OR: Odds Ratio; *p<0.05

An interesting association has been demon-
strated by Schoemaker et al. (2016), in a cohort
0f 113,000 UK women, where the risk of devel-
oping BC with ER negativity was higher in
women after divorce or separation. The authors
pointed out that the association was restricted to
premenopausal women, consistent with litera-
ture data showing that these women are more
likely to develop ER negative breast tumors
compared to postmenopausal women. Although
the sample number in our study is lower, we
demonstrated an association between women
who had low levels of stress according to the
Holmes and Rahe Stress Scale (classified in the
LR group) and ER positivity. Since the highest
scores on the scale are given to major events in
the separation or divorce process, we can con-
clude that most women who made up this group
were single and married.

Of the patients analyzed in our study,
55.2 % had a MR and 13.8 % had HR of devel-
oping a disease based on the stress levels, ac-
cording to the scale used. In a study by Barbosa

and dos Santos (2012), using another instru-
ment to detect stress levels (Lipp Adult Stress
Symptom Inventory), it was observed that 60 %
of BC patients were diagnosed with stress. Of
these patients, 40 % were in the resistance, 15
% in the near-exhaustion and 5 % in the ex-
haustion phase.

From our patients’, we observed that most
(69 %) of them described death of a spouse or
close family member (mother, father, child,
among others) as a stressful event within a var-
iable time of 1 year before the BC diagnosis. BC
studies have demonstrated the importance of
this event in cancer patients. The risk of devel-
oping BC was higher in women who described
the death of their husband, family member or
close friend as a stressful event in their life
(Kruk, 2012; Lillberg et al., 2003).

The relationship between stress and the im-mune

system has been discussed in the litera- ture.
Several studies have linked chronic stress to a
weakened immune system (Barbosa and dos Santos,
2012). Stress has been associated with suppression
of immune function and there



is evidence that it may promote the initiation of
some cancers, especially those associated with
DNA viruses, retroviral insertion near an onco-
gene, and other viruses (Reiche et al., 2004). In
this context BC has been associated with sev-
eral viral infections, such as human papilloma-
virus (HPV), Epstein—Barr virus (EBV) and
more recently the human breast tumor virus
(MMTV-like) (Amarante and Watanabe, 2009;
de Sousa Pereira et al., 2020). Prolonged unem-
ployment, depression and bereavement are
stressors that seem to produce a diminished im-
mune response, with cases of prolonged immu-
nosuppression. More than two decades ago,
O'Leary (1990) reviewed empirical evidence
linking emotional processes to immune func-
tion in humans.

CONCLUSION

In this study, we can verify the association
between chronic life stressors prior to BC diag-
nosis with marital status and positivity for ER,
demonstrating the social and clinicopathologi-
cal panorama of BC patients attended at the
LCH, Parana, Brazil. Despite being considered
an important factor in the development and pro-
gression of cancer, the relationship between
stressful life experiences and BC is not well es-
tablished. Therefore, our research collaborates
with the literature in an attempt to confirm the
importance of stress as a factor associated with
BC development.
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3.2 ARTIGO 2 — “DELETION OF THE APOBEC3B AND DETECTION OF MMTV-LIKE DNA IN
BRAZILIAN BREAST CANCER PATIENTS”

ABSTRACT

Breast cancer (BC) is a serious public health problem, considering the number of
women who are diagnosed and deaths that occur annually from this disease. Viral
infections contribute to at least 12% of all types of human tumors. It is well known
that some viruses are associated with human tumors and the hypothesis that a
retrovirus homologous to MMTYV s involved in the development of human BC has
fascinated scientists for years. The interest in this hypothesis was renewed when the
complete gene sequence of the provirus in human BC tissue samples was identified,
with this sequence being 95% homologous to the MMTV sequence, receiving the
name of mouse mammary tumor virus like (MMTV-like). An interesting source of
genomic instability through DNA mutations are the cytidine deaminase enzymes
belonging to the apolipoprotein B mRNA editing enzyme family, similar to catalytic
polypeptide 3 (APOBEC3), which are activated in a cellular response against an
infection. These enzymes are capable of generating point mutations in the host cell
genome, making it possible for malignant transformation. Because they are important
in controlling viral infections and induced by IFN signaling in antiviral immune
responses, it is plausible that viruses are involved in this process. APOBEC3A and
APOBEC3B cytidine deaminases have been implicated in the pathogenesis of
multiple cancers. A germline deletion linking APOBEC3A and APOBEC3B loci
(APOBEC A3A/B) has been associated with higher APOBEC-mediated mutational
burden. Thus, in the present study we aimed to evaluate the association of APOBEC
A3A/B genotypes with the detection of the MMTV-like env gene in BC patients.
Clinicopathological features were retrieved from medical records from patients.
Tumor tissue and blood samples were collected from 209 women during mastectomy
section. MMTV-like env sequence was evaluated through nested-PCR and APOBEC
A3A/B genotypes through allele-specific PCR. Considering the MMTV-like negative
samples, WT/Del genotype is negatively correlated with tumor stage (Tau-b = -0.151;
p = 0.044). In MMTV-like positive, WT/Del genotype is negatively correlated with age
at diagnosis (Tau-c = -0.382; p = 0.009) and positively correlated with expression of
the estrogen receptor (Tau-b = 0.179; p = 0.041). Although APOBEC A3A/B
genotypes are not associated with MMTV-like DNA in the tumor microenvironment of
Brazilian patients diagnosed with BC, the genotypes are correlated with
clinicopathological parameters of patients with and without the MMTV-like env gene.

Keywords: breast carcinoma; genetic polymorphism; clinicopathological parameters;
APOBEC.

1. INTRODUCTION
Breast cancer (BC) is a serious public health problem, considering the number
of women who are diagnosed and deaths that occur annually from this disease. The

estimated global incidence of BC was 2.3 million new cases in 2020. BC is also the



fifth cause of death from this cancer worldwide, accounting for 685 thousand deaths
in 2020 (Sung, Ferlay et al. 2021).

Viral infections contribute to at least 12% of all types of human tumors and
prominent viruses causing or associated with cancer include papilloma virus (HPV),
hepatitis B virus (HBV), hepatitis C virus (HCV), Epstein-Barr virus (EBV),
herpesvirus associated with Kaposi's sarcoma (KSHV), the Merkel cell polyomavirus
(MCPyV) and the human T-cell lymphotrophic virus type 1 (HTLV-1) (Moore and
Chang 2010, Gaglia and Munger 2018). Viruses can contribute to oncogenesis in
multiple ways, such as: (a) by directly encoding oncogenic proteins, (b) causing
chronic inflammation and (c) by promoting genomic instability or other changes in
host cells (Gaglia and Munger 2018).

The mouse mammary tumor virus (MMTV), from Betaretroviridae genus of the
Retroviridae family, was initially associated with the development of BC in mice by
BITTNER, J. J. (1936). The hypothesis that a retrovirus homologous to MMTV is
involved in the development of human BC has fascinated scientists for years. The
interest in this hypothesis was renewed when the complete gene sequence of the
provirus in human BC tissue samples was identified, with this sequence being 95%
homologous to the MMTV sequence, receiving the name of mouse mammary tumor
virus like (MMTV-like) (Liu, Wang et al. 2001). It is possible to observe that the
involvement of MMTV-like in the pathogenesis of human BC has been evidenced in
the literature over the years (Amarante, de Sousa Pereira et al. 2019, Lawson and
Glenn 2019). However, the possible mechanisms behind MMTV-like association with
BC remain unknown.

It is known that the apolipoprotein B mRNA editing catalytic polypeptide-like
(APOBEC) family of proteins has diverse and important functions in human health
and disease. The APOBEC family in humans consists of 11 primary gene products
and alternatively spliced variants that include APOBEC A1, Activation Induced
Deaminase (AID), APOBEC2 (A2), APOBEC3A-H (A3A-D, A3AF-H) and APOBEC4
(A4) proteins. APOBEC3 enzymes are activated by interferons in cellular responses
against infections, especially by viruses, being an interesting source of-genomic
instability through DNA mutations. These enzymes convert cytosines into uracils,
aiming to inactivate viral genomes, but they are also capable of generating point
mutations in the host cell genome as a side effect, making it possible for malignant

transformation (Henderson and Fenton 2015). Previous analyses have already



shown that APOBEC3A and APOBEC3B were able to induce mutations in breast
cells (Burns, Temiz et al. 2013). Assessing the mutational load of these two
enzymes, recent studies have shown that APOBECS3A is a potent mutagenic agent
than APOBEC3B (Chan, Roberts et al. 2015, Cortez, Brown et al. 2019).

A germline copy-number deletion polymorphism that results in the deletion of
APOBEC3B coding gene and linking its 3' untranslated region (3'-UTR) to
APOBECS3A coding exons (APOBEC A3A/B) has already been associated with a
greater burden of mutational signatures consistent with APOBEC3 activity and with
increase in the risk for BC (Xuan, Li et al. 2013, Nik-Zainal, Wedge et al. 2014, Han,
Qi et al. 2016, Middlebrooks, Banday et al. 2016, Hashemi, Moazeni-Roodi et al.
2019), suggesting that carriers of the deleted allele had greater APOBEC activity,
since the deletion generates a more stable mRNA isoform for APOBEC3A (Chan,
Roberts et al. 2015).

Despite the importance of APOBEC3 family enzymes in the carcinogenesis of
several tumors is well documented, little is known about the mechanisms that
regulate their activity in cancer. Because they are important in controlling viral
infections and are induced by interferon signaling during antiviral responses
(Verhalen, Starrett et al. 2016), it is plausible that viruses are involved in this process.
Thus, in the present study we aimed to evaluate the association of APOBEC3 A3A/B

genotypes with the detection of the MMTV-like env gene in Brazilian BC patients.

2. MATERIALS AND METHODS

2.1 Human Subjects

The human BC samples used in the present study were characterized in
previous publications (de Sousa Pereira, Akelinghton Freire Vitiello et al. 2020,
Vitiello, de Sousa Pereira et al. 2020). This study received approval from Human
Ethics Committee of Londrina State University (CAAE 73557317.0.0000.5231 and
CAAE 47709015.2.0000.5231). Women diagnosed with BC were invited to
participate during the clinical care in Londrina Cancer Hospital (Londrina, PR, Brazil)
and signed a form of free-informed consent prior to the collection of biological
material. All patients were treated by the Brazilian Public Health System (SUS).

Clinicopathological features were retrieved from patients’ medical records and

included: age at diagnosis, tumor size, histopathological grade, lymph node



metastasis (LNM) status, pathological disease stage and immunostaining for Ki67
(cellular proliferation index), tumor suppressor p53, estrogen receptor (ER),
progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2) and
patient’s survival. Only 94 patients had enough data in their medical records to be
classified into molecular BC subtypes. Immunohistochemical analysis for Ki67, ER,
PR, HER2 and p53 mutation were performed as a clinical routine in the Laboratory of
Clinical Pathology of the LCH, following standard protocol (Hammond, Hayes et al.
2010, Wolff, Hammond et al. 2013). Clinical staging was determined according to the
Union of International Control of Cancer (UICC) classification criteria (Brierley,
Gospodarowicz et al. 2017). BC was classified according to the number of tumor
cells expressing Ki67 in low (15%), intermediate (16%—-30%), or high (>30%)
expression groups (Goldhirsch, Ingle et al. 2009).

2.3 DNA extraction and nested PCR for MMTV-like env gene and APOBEC
A3A/B genotyping

Genomic DNA was obtained from tissue and blood samples, that were
collected during mastectomy surgery by the responsible surgeon, by salting-out
method (Kirby 1990). DNA samples were quantified by NanoDrop-2000c
Spectrophotometer (Thermo Scientific, Wilmington, Delaware, EUA) at a wavelength
of 260/280nm and adjusted for a concentration of 100 ng/uL.

As mentioned above, results from the detection of MMTV-like env gene and
the APOBEC A3A/B genotyping were previously published by our study group (de
Sousa Pereira, Akelinghton Freire Vitiello et al. 2020, Vitiello, de Sousa Pereira et al.
2020). Therefore, in this study, we used data from these two articles to assess the
relationship between APOBEC A3A/B genotypes and the presence of MMTV-like in
tumor tissue. For current analyses, crossing the results of detection of MMTV-like env
gene and APOBEC A3A/B genotypes, a cohort of 209 BC patients were enrolled.

2.4 Statistical analyses
The correlation analysis was performed using the Kendall's Tau-b and Tau-c
coefficients. The case-control study was carried out using the chi-square test. The
SPSS Statistics 20.0 program (SPSS inc., Chicago, lllinois, USA) and the GraphPad
Prism version 6.1 (GraphPad Software Inc. San Diego, California, USA) were used.

For all data, the level of significance was set at p <0.05.



3. RESULTS

Median age of the patients was 55 (interquartile range: 47-66) years, with the
majority having an age ranging from 40 to 49 years (26.4%). Median tumor size was
2.2 (interquartile range: 1.5-3.2) cm, with 46.9% of the sampled presenting a tumor
ranging from 1.51-3.00 cm. Regarding the histological type, the vast majority were
classified as invasive ductal carcinoma (90.3%). Considering the specific subtypes of
BC, data from the medical records of 195 patients were available and most were
classified as Luminal-A (68.7%), followed by Luminal-B (12.3%), triple negative (TN)
(12.3%) and HER2 overexpressed (6.7%).

MMTV-like env gene was detected in tumor tissue from 19.1% (40/209) of
samples. Of these, 26 were classified as Luminal-A, 6 as Luminal B, 5 as HER2
overexpressed and 1 as TN. The APOBEC A3A/B genotypes observed in the
analyzed samples were the wild genotype (WT/WT) and the heterozygous genotype
(WT/Del), no sample with the homozygous genotype (Del/Del) was found. Thus,
WT/WT genotype was observed in 86.1% (180/209) of BC samples and WT/Del
genotype was observed in 13.9% (29/209) patients.

Clinicopathological features according to detection of MMTV-like env gene and
APOBEC A3A/B genotypes are shown in Table 1.



Table 1 — Data on the clinicopathological characteristics of the patients.

MMTV-like positive

MMTV-like negative

WT/WT

WT/Del

WT/WT WT/Del
Age (years)

Mean (SD) 60 (14) 41 (6)
Median (IQR) 57 (22) 41 (7)

<40 [n (%)] 3(8.8) 2 (40.0)
40-49 [n (%)] 7 (20.6) 3 (60.0)
50-59 [n (%)] 8 (23.5) 0 (0.0)
60-69 [n (%)] 7 (20.6) 0 (0.0)
70-79 [n (%)] 7 (20.6) 0 (0.0)

280 [n (%)] 2(5.9) 0(0.0)
Missed [n (%)] 1

Tumor size (cm)

Mean (SD) 29 (2.4) 3.7(1.7)
Median (IQR) 2.0 (0.7) 3.5(1.5)
0-1.5 [n (%)] 6 (17.1) 1 (20.0)

1.51-3.0 [n (%)] 21 (60.0) 1(20.0)

>3.0 [n (%)] 8 (22.9) 3 (60.0)

Missed 1
Histopathological grade [n (%)]
I 5(15.1) 0 (0.0)
Il 11 (33.4) 2 (40.0)
1] 17 (51.5) 3 (60.0)
Missed 2
Histological Class [n (%)]
IDC 30 (85.7) 5(100.0)
ILC 2 (5.7) 0 (0.0)
Other 3 (8.6) 0 (0.0)
Missed 0
Tumor stage [n (%)]
2(7.7) 0 (0.0)
I 8 (30.8) 0(0.0)
Il 7 (26.9) 3(75.0)
1 7 (26.9) 1(25.0)
\Y 2(7.7) 0 (0.0)
Missed 10
Lymph node metastasis [n (%)]
Positive 16 (47.1) 2 (40.0)
Negative 18 (52.9) 3 (60.0)
Missed 1
Estrogen receptor [n (%)]
Positive 27 (79.4) 5(100.0)
Negative 7 (20.6) 0(0.0)
Missed 1
Progesterone receptor [n (%)]
Positive 19 (55.9) 2 (40.0)
Negative 15 (44.1) 3 (60.0)
Missed 1
HER2 [n (%)]
Positive 10 (30.3) 1 (20.0)
Negative 23 (69.7) 4 (80.0)

Missed 2

56 (13)

53 (17)

13 (8.9)
41 (28.3)
36 (24.8)
33 (22.7)
16 (11.1)
6 (4.2)

2.8 (1.9)
2.2 (2.0)
41 (28.7)
62 (43.3)
40 (28.0)

22 (16.1)
57 (41.6)
58 (42.3)
11

132 (92.3)
3(2.1)
8 (5.6)

6 (5.3)
22 (19.3)
46 (40.4)
34 (29.7)
6 (5.3)
38

68 (49.3)
70 (50.7)

108 (78.3)
30 (21.7)

74 (53.6)
64 (46.4)

24 (17.9)
110 (82.1)
12

56 (13)
59 (18)
3 (12.5)
5 (20.8)
4 (16.6)
9 (37.5)
2 (8.3)
1(4.3)

2.6 (1.7)
2.4 (1.4)
6 (25.0)
14 (58.4)
4 (16.6)

1(4.8)
11 (52.4)
9 (42.8)

20 (83.3)
1(4.2)
3 (12.5)

2 (10.0)
5 (25.0)

11 (55.0)
1(5.0)
1(5.0)

7 (30.4)
16 (69.6)

20 (86.9)
3 (13.1)




Ki67 [n (%)]

Low 9 (29.0) 0 (0.0) 36 (28.8) 2 (10.5)
Intermediate 13 (42.0) 2 (50.0) 48 (38.4) 13 (68.4)
High 9 (29.0) 2 (50.0) 41 (32.8) 4 (21.1)
Missed 5 25
p53 [n (%)]
Positive 11 (36.7) 3 (75.0) 45 (33.8) 5(23.8)
Negative 19 (63.3) 1 (25.0) 88 (66.2) 16 (76.2)
Missed 6 15

SD: Standard deviation; IQR: interquartile range; IDC: invasive ductal carcinoma; ILC: invasive lobular
carcinoma.

The first step of this work was to investigate the association between the
APOBEC A3A/B genotypes with the detection of MMTV-like env gene. As shown in

Table 2, no association was found.

Table 2 — Association analyses between APOBEC A3A/B genotypes and detection
of MMTV-like env gene in BC samples

MMTV-like env
Negative Positive x? p-value Odds Ratio (Cl 95%)

Genotypes
WT/WT [n (%)] 145 (85.8) 35 (87.5)

WT/Del [n (%)] 24 (142) 5 (12.5) 1.00 0.87 (0.31-2.46)

¥2: Chi-squared test; Cl: confidence interval

Next, we sought to investigate if APOBEC A3A/B genotypes were correlated
with prognostic clinicopathological parameters considering both MMTV-like env
negative and positive tumor tissue samples, results are shown in Table 3.

Considering the MMTV-like negative samples, patients with WT/Del genotype
had a lower tumor stage compared to patients with WT/WT genotype (Tau-b = -
0.151; p = 0.044). In MMTV-like positive, BC patients with heterozygous genotype
presented lower age at diagnosis (Tau-c = -0.382; p = 0.009) and were mostly

positive for expression of the ER (Tau-b = 0.179; p = 0.041).



Table 3 - Correlation analyses between APOBEC A3A/B genotypes and

clinicopathological parameters in tumor tissue samples

MMTV-like negative @ MMTV-like positive

Parameter
Tau (p) Tau (p)
Age 0.007 (0.906) -0.382 (0.009%)
Tumor size -0.006 (0.918) 0.192 (0.186)

Histopathological grade
Histological class
Tumor stage
Lymph node metastasis
Estrogen receptor
Progesterone receptor

0.043 (0.534)
0.109 (0.265)
-0.151 (0.044%)
-0.132 (0.085)
0.075 (0.276)
0.020 (0.796)

0.091 (0.504)
-0.140 (0.068)
0.097 (0.394)
-0.047 (0.765)
0.179 (0.041%)
-0.107 (0.511)

HER2 -0.088 (0.182) -0.077 (0.605)
Ki67 0.023 (0.713) 0.198 (0.160)
p53 -0.073 (0.331) 0.251 (0.173)

*p <0.05

4. DISCUSSION

Presence of MMTV-like env gene in BC tumor tissue is variable worldwide,
being found in between 0 to 74% of samples analyzed (Amarante, de Sousa Pereira
et al. 2019). In Brazil, in a previous study, we observed the presence of MMTV-like
env sequence in 18.9% of tumor tissue samples. Surprisingly, we found some
correlations between the presence of MMTV-like with clinicopathological parameters
considered to predict a better disease prognosis (de Sousa Pereira, Akelinghton
Freire Vitiello et al. 2020). This led us to think about the antiviral response produced
by the immune system in the tumor microenvironment, since it has already been
shown an increase in the expression of genes related to the viral infection response,
such as interferons (IFNs), in BC (Fernandez-Cobo, Melana et al. 2006).

The family of APOBEC3 enzymes are activated by IFNs, specifically type |
IFNs, and act on viral restriction, by inducing mutations in the virus genome (Stavrou
and Ross 2015). The mutagenic process promoted by these enzymes also affects
the host's DNA, showing a relationship between viral infection, increased expression
of APOBEC3 and the mutagenic signature of this enzyme in several types of cancer
associated with viruses, such as cervical cancer and oropharynx positive for HPV
(Vieira, Leonard et al. 2014) and EBV positive gastric cancer (Bobrovnitchaia,
Valieris et al. 2020). The APOBEC A3A/B has been pointed in susceptibility to the

development of BC in Asian and Caucasian populations (Klonowska, Kluzniak et al.



2017), but, in previous study from our research group, we found that there is no
association between APOBEC A3A/B genotypes and BC susceptibility in Brazilian
population (Vitiello, de Sousa Pereira et al. 2020).

In this study, we evaluated the relationship between the APOBEC A3A/B
genotypes and the presence of MMTV-like in breast tumor tissue and no statistical
association were found. So far, there is no other work present in the literature that
associates these two parameters in BC patients. Other studies have shown that the
loss of the APOBEC3B gene can increase susceptibility to viral infection, as in
infections by human immunodeficiency virus (HIV), HBV and HPV (An, Johnson et al.
2009, Zhang, Cai et al. 2012, Revathidevi, Manikandan et al. 2016, Singh, Marathe
et al. 2016). Interestingly, in the study from Zhang, Cai et al. (2012), in addition to the
increased susceptibility to HBV infection, a greater susceptibility to the development
of hepatocellular carcinoma associated with HBV was also observed. In our study,
despite not showing statistical significance, we can observe that patients who were
positive for MMTV-like env gene and WT/Del genotype had markers of worse BC
prognosis.

We could observe that patients that were negative for MMTV-like DNA and
with a heterozygous genotype had a lower tumor stage compared to patients with a
wild genotype. Rezaei, Hashemi et al. (2015) investigated the association between
APOBEC A3A/B genotypes and clinicopathological parameters in BC samples,
including tumor stage, and no significant association was observed. Also, correlation
analyzes between APOBEC A3A/B genotypes and clinicopathological parameters of
tumor samples positive for the presence of MMTV-like env gene demonstrated a
correlation between the heterozygous genotype with lower age at diagnosis. In
agreement with our findings, Cescon, Haibe-Kains et al. (2015) found that age at
diagnosis was slightly lower in BC patients that carries the deleted allele. Therefore,
based on these results, we can suggest that patients with a deletion of APOBEC3B
gene in the presence of MMTV-like in the tumor microenvironment may have greater
genetic instability, as this deletion induces a greater enzymatic activity of
APOBEC3A, which may result in early development of BC.

Also, we observed a correlation with expression of ER in MMTV-like positive
tumor tissue. It has been described that the APOBEC3B expression is induced by
estradiol in ER+ BC cell lines, suggesting that APOBEC3B is an estrogen-responsive
gene and APOBECS3A is not (Udquim, Zettelmeyer et al. 2020). Also, Periyasamy,



Patel et al. (2015) showed that APOBEC3B is required for regulation of gene
expression by ER and acts by causing deamination at ER binding regions. They
demonstrated that APOBEC3B expression is associated with poor patient survival in
ER+ BC, reinforcing the physiological significance of these enzyme for ER action.

Several studies have already demonstrated the role of APOBEC3 in the
infection by MMTV in mice and in the development of BC in these animals. In a study
conducted by Okeoma, Low et al. (2009) it was found that APOBEC3 reduces
infection by MMTYV in its natural host, by limiting infection in dendritic cells. Thus,
increased levels of APOBECS3 in mice can lead to increased levels of viral restriction
(Okeoma, Low et al. 2009, Okeoma, Huegel et al. 2010, MacMillan, Kohli et al.
2013). Recently, a study has showed that MMTYV provirus carries a lesser number of
mutations caused by the APOBEC3 enzymes compared to lentiviruses, such as HIV.
Apparently, MMTV reverse transcriptase has evolved, increasing its enzymatic
speed, in order to avoid the access of APOBEC3s to DNA strands exposed during
reverse transcription (Hagen, Kraase et al. 2019).

In summary, this study demonstrated, for the first time, that APOBEC A3A/B
genotypes are not associated with the presence of MMTV-like DNA in the tumor
microenvironment of Brazilian patients diagnosed with BC. However, APOBEC
A3A/B genotypes are correlated with clinicopathological parameters of patients with
and without the MMTV-like env gene, such as tumor staging, age at diagnosis and
ER expression. As the implications of MMTV-like in the development of BC have
been explored worldwide, varying according to the population analyzed, and our work
is limited to analyzing the APOBEC A3A/B genotypes, other studies must be carried
out to evaluate the participation of viral restriction caused by enzymes of the

APOBEC3 family in MMTV-like in patients with human breast carcinoma.
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3.3 ARTIGO 3 — “INTERFERON-GAMMA PLASMA LEVELS AND PRESENCE OF MOUSE
MAMMARY TUMOR VIRUS-LIKE ENV GENE: IMPLICATIONS ON THE PATHOGENESIS OF BREAST
CANCER”

ABSTRACT

Mouse mammary tumor virus (MMTYV) is a retrovirus that has been associated with
the development of breast cancer (BC) in mice. Several cytokines may be involved in
the interactions between MMTV and the immune system, such as interferons (IFN).
IFN-y can enhance Th1-mediated antitumor immune response but it can also play a
protumorigenic role by transmitting antiapoptotic and proliferative signals. The
identification of a 95% homologous gene sequence to MMTV in human BC samples
has increased interest in this hypothesis. This virus in humans was named mouse
mammary tumor virus like (MMTV-like). Little is known about the antiviral immune
response in a microenvironment with the presence of MMTV-like in BC patients.
Therefore, the purpose of the present study was to quantify the plasma levels of IFN-
y in the peripheral blood of 123 neoplasia-free donors and 98 breast cancer patients
of different molecular subtypes, by ELISA, and evaluate the association of these
plasma levels with the detection of the MMTV-like env gene in tumor tissue.
Correlation analyzes involving IFN-y plasma levels and clinical-pathological
parameters were performed by Kendall Tau-c test. In our study, a decrease in IFN-y
levels was observed in the group of BC patients (30.85 + 57.49pg/ml) compared to
the control group (115.00 + 176.80pg/ml) (p < 0.0001). In the analysis by stratified
BC molecular subtypes, Luminal-A (30.79 £ 61.04pg/ml; p < 0.0001), Luminal-B
(24.74 + 25.78pg/ml; p= 0.0188) and triple-negative (23.95 + 40.45pg/ml; p= 0.0005)
had a lower plasma level compared to control group. There was no significant
difference between IFN-y plasma levels of MMTV-like DNA positive samples
compared to MMTV-negative samples (p = 0.2056). A positive correlation was
observed between IFN-y plasma levels and tumor size (Tau-c = 0.202; p = 0.019). By
analyzing the MMTV-like env negative samples, we could identify that IFN-y plasma
levels are also positively correlated with tumor size (Tau-c = 0.222; p = 0.020) and
with lymph node metastasis (Tau-c = 0.258; p = 0.042). Another positive correlation
was observed between plasma levels of this cytokine and histopathological grade
(Tau-c = 0.384; p = 0.019) in MMTV-like env positive samples. For the first time, we
assessed the association between plasma levels of IFN-y and the presence of the
MMTV-like env gene in BC samples. However, more studies are needed to clarify
whether the high levels of IFN-y in MMTV-like env positive samples are reflecting a
possible antiviral immune response or whether this cytokine is promoting tumor
growth.

Keywords: breast carcinoma; cytokine; antiviral; tumor microenvironment.
INTRODUCTION

Mouse mammary tumor virus (MMTV) is a retrovirus that has been associated

with the development of breast cancer (BC) in these animals (Bittner 1936). One of



the ways in which MMTV is transmitted is through breast milk containing viral
particles, which initially infects lymphocytes in the neonatal Peyer's patches. The
effectiveness of MMTV infection depends on the participation of a superantigen
(SAg), which is encoded by its genetic material. MMTV encodes the SAg, that is
presented on the cell surface through the class || MHC molecule, activating T cells.
These T lymphocytes proliferate, activating B cells that produce cytokines. These
cytokines stimulate and recruit dendritic cells, additional B and T lymphocytes, thus
establishing a reservoir of infected cells (Ross 2008, Ross 2010).

Several cytokines may be involved in the interactions between MMTV and the
immune system, such as interferons (IFN). IFN are proteins with immunomodulatory,
cytostatic and cytotoxic activity, considered important to establish an antiviral
response. Involved in both the innate and adaptive immune responses, they also
participate and modulate the host's immune response to tumors (Seliger, Ruiz-
Cabello et al. 2008). The initial response to viral infections consists of inducing high
levels of type | IFNs, IFN-a and -B. After this first phase, a second wave of cytokines
is produced and secreted, including IFN-y. The main sources of IFN-y are the NK
cells and T lymphocytes. IFN-y can enhance Th1-mediated antitumor immune
response but it can also play a protumorigenic role by transmitting antiapoptotic and
proliferative signals, resulting in immune-escape of tumor cells (Castro, Cardoso et
al. 2018).

Since the association of MMTV with the development of BC in mice, there is
much questioning about the involvement of a homologous virus in the development
of BC in humans. The identification of a 95% homologous gene sequence to MMTV
in human BC samples has increased interest in this hypothesis. The virus in humans
was named mouse mammary tumor virus like (MMTV-like) (Liu, Wang et al. 2001).
MMTV-like participation in the pathogenesis of human BC has been evidenced in the
literature over the years (Amarante, de Sousa Pereira et al. 2019, Lawson and Glenn
2019). Little is known about the antiviral immune response in a microenvironment
with the presence of MMTV-like in BC patients. The studies on the assessment of
cytokine profile in individuals positive for the MMTV-like env gene are scarce in the
literature. Therefore, in the present study we aimed to assess plasma levels of IFN-y
in BC patients and evaluate the association of these plasma levels with the detection

of MMTV-like env gene in BC patients.



MATERIALS AND METHODS

Selection and characterization of samples

This study was approved by the Ethics Committee of the State University of
Londrina (CAAE 73557317.0.0000.5231 and CAAE 47709015.2.0000.5231).
Patients were invited to participate in this research project during clinical care at the
Londrina Cancer Hospital (LCH) (Londrina, PR, Brazil). The samples in the control
group came from women at the Clinics Hospital of Londrina State University. As
inclusion criteria in the control group, donors with no history of current or previous BC
were selected, according to clinical examination and updated mammograms for the
time of collection, no history of BC in the family and no infections or autoimmune
diseases at the time of sample collection. As a matching parameter, the control
samples were also collected in the same geographic region as the BC patients and
both groups signed free informed consent form.

For current analyses, a cohort of 123 peripheral blood samples from healthy,
cancer-free donors and 98 BC patients were enrolled. Clinicopathological features
were retrieved from patients’ medical records and included: age at diagnosis, tumor
size, histopathological grade, lymph node metastasis (LNM) status, pathological
disease stage and immunostaining for Ki67 (cellular proliferation index), tumor
suppressor p53, estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor 2 (HER2) and patient’s survival. Only 94 patients
had enough data in their medical records to be classified into molecular BC subtypes.
Immunohistochemical analysis for Ki67, ER, PR, HER2 and p53 mutation were
performed as a clinical routine in the Laboratory of Clinical Pathology of the LCH,
following standard protocol (Hammond, Hayes et al. 2010, Wolff, Hammond et al.
2013). Clinical staging was determined according to the Union of International
Control of Cancer (UICC) classification criteria (Brierley, Gospodarowicz et al. 2017).
BC was classified according to the number of tumor cells expressing Ki67 in low
(15%), intermediate (16%—30%), or high (>30%) expression groups (Goldhirsch,
Ingle et al. 2009).

Sample processing
Peripheral blood was collected in an ethylenediamine tetraacetic acid (EDTA)

tube and centrifuged to collect the plasma, which was stored at -80 °C for



immunoenzymatic assays. Genomic DNA was obtained from tumor tissue and blood
samples under aseptic conditions by salting-out method (Kirby 1990). DNA samples
were quantified by NanoDrop ND-2000c Spectrophotometer (Thermo Scientific,
Wilmington, Delaware, EUA) at a wavelength of 260/280nm and adjusted for a
concentration of 100ng/pL.

Quantification of plasma IFN-y levels

Quantitative analysis of plasma IFN-y levels was performed using the enzyme-
linked immunosorbent assay (ELISA) using the BD OptEIA™ Human IFN-y ELISA
Set kit (BD Biosciences Pharmingen, San Diego, CA, USA), according to
manufacturer conditions. To perform this quantitative analysis, a standard curve for
each assay was drawn up using the serially diluted protein standard. The results of
the samples were expressed in pg/ml for IFN-y, and the reading was carried out at
450nm in an ELISA reader Bio-Tek ELS 800 (BioTek Instruments Inc., Winooski, VT,
USA) within 30 minutes of the addition of the stop solution. Each plasma sample was
read and executed in duplicate, and samples showing a high coefficient of variation

(CV>25%) between the duplicates were disregarded.

Nested PCR for MMTV-like env gene

Conditions for the amplification of the MMTV-like env gene were described in
a previous work by our research group (de Sousa Pereira, Akelinghton Freire Vitiello
et al. 2020). Therefore, in this study, we used data from this article to assess the
relationship between IFN-y plasma levels and the presence of MMTV-like in tumor

tissue.

Statistical analysis

Comparison of IFN-y levels between the control and BC group was performed
using the non-parametric Mann-Whitney test, and the comparison between BC
molecular subtypes was made using the Kruskall-Wallis test using the software
GraphPad Prism (Version 6.01). Correlation analyses involving plasma IFN-y levels
and clinicopathological parameters were performed by Kendall's Tau-c test by the
SPSS Statistics 20.0 program (SPSS inc., Chicago, lllinois, USA). For all analyses,

the significance level adopted was p <0.05.



RESULTS

For current analyses, 22 positive patients and 77 negative patients from our
previous study were selected (de Sousa Pereira, Akelinghton Freire Vitiello et al.
2020). Considering the molecular subtypes of the positive samples for the presence
of the MMTV-like env gene, we observed that 15 were classified as Luminal-A, 3 as
Luminal B and 2 as HER2 overexpressed. Only 1 sample was classified as triple-
negative (TN) and was not considered for the analyses.

Clinicopathological features according to BC subtypes are shown in Table 1.

Table 1 — Data on the clinicopathological characteristics of the patients.
Breast cancer subgroups

Parameter Total Luminal-A  Luminal-B HER2 TN
(n =98) (n =63) (n=10) (n =6) (n=15)
Age (years)

Mean (SD) 54 (13) 55 (14) 50 (8) 48 (10) 53 (15)
Median (IQR) 53 (19) 55 (20) 49 (12) 50 (17) 51 (24)

<40 [n (%)] 6 (16.3) 9 (14.3) 1(10.0) 2 (33.3) 4 (26.7)
40-49 [n (%)] 5 (25.5) 15 (23.8) 5 (50.0) 1(16.7) 2(13.3)
50-59 [n (%)] 3 (23.5) 13 (20.6) 2 (20.0) 2 (33.3) 5(33.3)
60-69 [n (%)] 2(22.4) 16 (25.4) 2 (20.0) 1(16.7) 2(13.3)
70-79 [n (%)] 9(9.2) 8 (12.7) 0 (0.0) 0 (0.0) 1(6.7)

>80 [n (%)] 3(3.1) 2 (3.2) 0 (0.0) 0 (0.0) 1(6.7)

Tumor size (cm)

Mean (SD) 2.85(2.11) 274 (1.94) 3.19(3.50) 2.40(0.35) 3.43(2.27)
Median (IQR) 2.25(1.80) 220 (1.30) 2.10(1.00) 2.35(0.30) 3.50(2.70)
0-1.5[n (%)] 23 (23.5) 15 (23.8) 3 (30.0) 0 (0.0) 3 (20.0)

1.51-3.0 [n (%)] 48 (48.9) 33 (524) 5 (50.0) 6 (100.0) 3 (20.0)

>3.0 [n (%)] 27 (27.6) 15 (23.8) 2 (20.0) 0 (0.0) 9 (60.0)

Histopathological grade [n (%)]

I 10 (10.4) 7 (11.5) 1(10.0) 0 (0.0) 0 (0.0)

I 46 (47.9) 35 (57.4) 4 (40.0) 3 (50.0) 4 (26.7)

1] 40 (41.7) 19 (31.1) 5 (50.0) 3 (50.0) 11 (73.3)
Missed 2 2 0 0 0

Histological class [n (%)]
IDC 93 (94.9) 60 (95.2) 9 (90.0) 6 (100.0) 15 (100.0)
ILC 3(3.1) 2 (3.2) 0 (0.0) 0 (0.0) 0 (0.0)
Other 2 (2.0 1(1.6) 1(10.0) 0 (0.0) 0(0.0)
Tumor stage [n (%)]

I 21 (21.9) 19 (30.2) 1(10.0) 0 (0.0) 1(6.7)

I 43 (44.8) 5(39.7) 6 (60.0) 5(83.3) 6 (39.9)

1] 24 (25.0) 3 (20.6) 3(30.0) 0 (0.0) 7 (46.7)

\Y 8 (8.3) ( 5) 0 (0.0) 1(16.7) 1(6.7)
Unknown 2 0 0 0

Lymph node metastasis [n (%)]
Negative 51 (52.1) 34 (54.0) 5 (50.0) 3 (50.0) 7 (46.7)
Positive 47 (47.9) 29 (46.0) 5 (50.0) 3 (50.0) 8 (53.3)
Survival [n(%)]

Yes 61 (65.6) 40 (65.6) 8 (80.0) 5(83.3) 8 (53.3)

No 32 (34.4) 21 (34.4) 2 (20.0) 1(16.7) 7 (46.7)
Missed 5 2 0 0 0




Ki67 [n (%)]

Low 22 (23.7) 20 (32.2) 1(11.2) 0 (0.0) 1(6.7)
Intermediate 45 (48.4) 35 (56.5) 5 (55.5) 3 (50.0) 1(6.7)
High 26 (27.9) 7 (11.3) 3(33.3) 3 (50.0) 13 (86.6)
Missed 5 1 1 0 0
p53 [n (%)]
Negative 53 (58.9) 43 (70.5) 1(14.3) 1(16.7) 8 (53.3)
Positive 37 (41.1) 18 (29.5) 6 (85.7) 5 (83.3) 7 (46.7)
Missed 8 2 3 0 0

SD: Standard deviation; IQR: interquartile range; IDC: invasive ductal carcinoma; ILC: invasive lobular
carcinoma; TN: Triple negative.

IFN-y plasma levels in subgroups of BC patients

In comparison, IFN-y plasma levels in BC samples (30.85 + 57.49pg/ml) were
significantly lower than in control group (115.00 £ 176.80pg/ml) (p < 0.0001) (Figure
1A). In the analysis by stratified molecular subtypes, Luminal-A (30.79 £ 61.04pg/ml;
p < 0.0001), Luminal-B (24.74 + 25.78pg/ml; p= 0.0188) and TN (23.95 + 40.45pg/ml;
p= 0.0005) had a lower plasma level compared to control group (Figure 1B).

There was no significant difference between IFN-y plasma levels of MMTV-like
env positive samples compared to MMTV-like env negative samples (p = 0.2056)
(Figure 1C). The same was observed in the stratification of MMTV-like env positive

samples in relation to the molecular subtypes of BC (p = 0.1536) (Figure 1D).
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Figure 1 — IFN-gamma plasma levels in breast cancer patients. A) Comparison of
IFN-y concentration in a case-control study. B) IFN-y concentration in breast cancer
molecular subtypes. C) Comparison of IFN-y concentration between MMTV-like env
negative and env positive samples. D) IFN-y concentration in MMTV-like env positive
samples classified by their molecular subtypes. LA: Luminal A; LB: Luminal B; HER2:
Human epidermal growth factor receptor type 2; TN: Triple negative.

Correlations between IFN-y plasma levels and clinicopathological parameters

For the correlation analyses, we also considered MMTV-like env negative and
env positive tumor tissue samples (Table 2).

In general BC, patients with larger tumor size had higher IFN-y plasma levels
(Tau-c = 0.202; p = 0.019). By analyzing the MMTV-like env negative samples, we
could identify that IFN-y plasma levels were higher in larger tumor size (Tau-c =
0.222; p = 0.020) and with greater lymph node involvement (Tau-c = 0.258; p =
0.042). Also, higher IFN-y plasma levels were observed in patients with higher
histopathological grades (Tau-c = 0.384; p = 0.019) in MMTV-like env positive

samples.



Table 2 — Correlation of plasma IFN-y levels with clinicopathological parameters of
breast cancer patients.

Histopathological grade
Histological class

G MMTV-like env  MMTV-like env
eneral BC . i
Parameter negative positive
Tau (p-value) Tau (p-value) Tau (p-value)
Age 0.020 (0.793) 0.029 (0.731) -0.067 (0.706)
Tumor size 0.202 (0.019%) 0.222 (0.020* 0.186 (0.321)

0.050 (0.602)
-0.018 (0.576)

)
-0.050 (0.646)
-0.017 (0.607)

0.384 (0.019%)
-0.025 (0.768)

Tumor stage 0.100 (0.225) 0.100 (0.287) 0.149 (0.451)
Lymph node metastasis 0.216 (0.054) 0.258 (0.042%) 0.124 (0.592)
Survival 0.018 (0.868) -0.010 (0.935) 0.027 (0.913)
Estrogen receptor -0.156 (0.092) -0.091 (0.412) -0.290 (0.066)
Progesterone receptor -0.180 (0.117) -0.101 (0.448) -0.417 (0.054)
HER2 0.160 (0.061) 0.137 (0.154) 0.281 (0.156)
Ki67 0.122 (0.201) 0.092 (0.395) 0.308 (0.099)
p53 0.033 (0.783) 0.047 (0.720) 0.062 (0.814)
*p < 0.05
DISCUSSION

Initially, IFN-y plasma levels were evaluated and a decrease in this cytokine
levels was observed in BC patients compared to the control group. These findings
are contrary to data in the literature, and it has been widely demonstrated that there
is an increase in the expression of IFN-y in BC patients (Pliddemann,
Mukhopadhyay et al. 2011). Rohani Borj, Andalib et al. (2017) quantified the
concentrations of various cytokines, including IFN-y, and higher levels of IFN-y were
found in patients with malignant breast tumors compared benign samples. Also,
higher levels of these cytokine were observed in patients diagnosed with gastric
cancer, being pointed out as a possible marker of reactivation of Epstein-Barr virus
(EBV) infection and diagnosis of early stage of these type of cancer (Cardenas-
Mondragén, Torres et al. 2017, Sanchez-Zauco, Torres et al. 2017). It is noteworthy
that in our work, among the stratified BC group, Luminal-A had the highest level of
plasma IFN-y, which represents the most frequent BC in the population.

The best-known antitumor effect mediated by IFN-y is the increase in the
cytotoxic function of NK cells and cytotoxic T cells as potent effectors of antitumor
responses (Ciccarone, Chrivia et al. 1990). Therefore, it is reasonable to think that
BC patients can, somehow, present a deficiency in the concentration of IFN-y, with a

decrease in the activity of effector immune cells and consequently develop the tumor.



For example, genetic polymorphisms can influence in the level of IFN-y expression,
leading to the impaired function or decreased activity of IFN-y, as shown in the meta-
analysis carried out by Li, Dai et al. (2014).

Regarding the main BC subtypes, we could observe that Luminal-A, Luminal-B
and triple-negative had a lower plasma level compared to control group. Our findings
do not corroborate with the literature data. The expression of IFN-y genes in tumor
tissue was evaluated by Heimes, Hartner et al. (2020), who demonstrated that a
greater expression of the IFN-y gene signature is associated with a better prognosis
of BC, being particularly pronounced in Luminal B.

In our study, it was not possible to establish a difference in IFN-y plasma
levels in negative and positive samples for the presence of the MMTV-like env gene.
Using in vitro analyses, Fernandez-Cobo, Melana et al. (2006) showed that MCF-7
env+ cell line expressed more IFN-related genes in comparison to MCF-7 env- cell
line, which may suggest that they are responding to an infectious agent. In mice, both
IFN-a and -B and, also, IFN-y seems to not play an essential role in immunological
events triggered by the SAg expressed by the MMTV viral particle (Maillard, Launois
et al. 1998). In addition, the authors reported that there was no increase in the
amount of proviral DNA in the infected lymph nodes of mice. IFN effects have been
shown to be more important in controlling cytopathic viruses such as vesicular
stomatitis virus (VSV) and vaccinia virus (Huang, Hendriks et al. 1993, Mdller,
Steinhoff et al. 1994). Since MMTV is a noncytopathic virus, the apparent lack of an
antiviral effect of these cytokines on MMTYV infection can be interpreted in this
context.

Studies have highlighted the potential of IFN-y to promote the development of
more aggressive phenotypes in cancer cells. As a result of extensive studies over the
last three decades, it is evident that IFN-y can facilitate tumor initiation and promote
changes in tumor phenotype to increase the growth capacity of the
immunocompetent host and also promote an immunosuppressive tumor
microenvironment (Taniguchi, Petersson et al. 1987, Garbe, Krasagakis et al. 1990,
Lollini, Bosco et al. 1993, Bernabei, Coccia et al. 2001). Interestingly, when we
investigate the plasma levels of this cytokine compared to clinicopathological
parameters of BC patients, there was a positive correlation with clinicopathological
parameters of worse prognosis, such as lymph node involvement, tumor size and

histopathological grade. In a study with non-small cell lung cancer patients, high



levels of IFN-y were observed in stage IV patients (Lee, Chung et al. 2021). Given
the dual role of IFN-y, a study carried out by Lee, Huang et al. (2013) showed that
low plasma levels of IFN-y are associated with more advanced tumor staging and
larger tumor size in patients with hepatocellular carcinoma.

Although not significant, IFN-y plasma levels were lower in positive compared
to negative MMTV-like env samples. However, higher IFN-y plasma levels were
observed in patients with higher histopathological grades, indicating a correlation with
the patient's worse prognosis. It has been shown that MMTV-like positive cell lines
express genes that are associated with increased cell growth, a fact that may be
related to their more malignant phenotype (Fernandez-Cobo, Melana et al. 2006). In
a previous work published by our research group, we demonstrated, in a larger
sample group, that MMTV-like env positivity is associated with better prognostic
parameters in BC subtypes (de Sousa Pereira, Akelinghton Freire Vitiello et al.
2020). Thus, we can observe a potential controversial role of the IFN-y in the tumor
microenvironment of MMTV-like env positive BC.

In conclusion, we can observe that the role of IFN-y in the tumor
microenvironment remains ambiguous when evaluating plasma levels of this cytokine
in general BC and control group. Likewise, in MMTV-like env negative and positive
samples, it is unclear whether the high levels of IFN-y in MMTV-like env positive
samples are reflecting a possible antiviral immune response or whether this cytokine
is promoting tumor growth, considering that it was only possible to detect the MMTV-
like DNA, which does not mean that the virus is active in the tumor
microenvironment. As this is the first study to assess the association between plasma
levels of IFN-y and the presence of the MMTV-like env gene in BC samples, further
studies should be performed to demonstrate the role of the cytokine IFN-y in the
development of BC with the presence of MMTV-like DNA or/and RNA in the tumor

microenvironment.
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3.4 ARTIGO 4 — “TP53 GENE POLYMORPHISM GENOTYPES AND DETECTION OF THE MMTV-
LIKE ENV GENE IN BRAZILIAN BREAST CANCER PATIENTS”

ABSTRACT

The p53 protein is one of the best-known tumor suppressor proteins and contributes
to the immune response to eradicate pathogens, such as viruses. Somatic mutations
in the p53 protein are a frequent feature in most tumors, including breast cancer
(BC). The mutated allele leads to defective production of the p53 protein, preventing
it from binding to DNA and activating gene transcription. Viral involvement in the
development of human BC has been widely explored. In this context, homologous
gene sequences to those of mouse mammary tumor virus (MMTV) were identified in
human tumor samples, thus demonstrating the presence of genetic material from a
virus that was named human mammary tumor virus (MMTV-like). Despite a great
effort to demonstrate the association of MMTV-like with human BC, little is known
about the involvement of antiviral immune responses in the tumor microenvironment.
The gene that encodes the p53 protein, TP53, has a single nucleotide polymorphism
(SNP), the rs1042522 (Arg72Pro), in which a guanine (G) is exchanged by a cytosine
(C). In the presence of G, the genetic sequence encodes the amino acid arginine
(Arg). On the other hand, when there is an exchange for a C, the encoded amino
acid is proline (Pro). Studies have shown that the presence of Arg is more compelling
to apoptosis, while the presence of Pro induces cell cycle blockage and DNA repair.
Thus, the aim of this study was to evaluate the Arg72Pro polymorphism and the
association of genotypes with the presence of MMTV-like in BC patients. Genomic
DNA was obtained from a total of 372 healthy women and 215 BC patients. MMTV-
like env sequence was evaluated through nested-PCR and Arg72Pro through allele-
specific PCR. For all data, the level of significance was set at p <0.05. MMTV-like
env gene was detected in 19.1%. The Pro/Pro genotype was associated with
protection against the development of BC (p<0.0289; OR: 0.33; Cl: 0.12-0.88). No
association was observed between the somatic mutation in the p53 protein with the
presence of the MMTV-like env gene in BC samples. Regarding negative and
positive samples for the presence of the MMTV-like gene sequence and the TP53
polymorphism genotypes, no significant association was observed. In general BC, a
positive correlation was observed between the TP53 genotypes and age (Tau-c
0.143; p = 0.025) and between Pro carrier and histopathological grade (Tau-b
0.162; p = 0.016). By analyzing the MMTV-like negative samples, we could verify that
Pro carrier are negatively correlated with p53 expression (Tau-b = -0.166; p = 0.032).
Here, we verified an association of the Pro/Pro genotype with disease protection and
no association was found between TP53 genotypes and the presence or absence of
MMTV-like env gene, being the first work to seek such association. Despite this, we
can observe that patients carrying the Pro allele had significant correlation with
clinicopathological characteristics, such as higher histopathological grade and older
age at diagnosis. However, the Pro allele in general BC was correlated with p53-
negative breast tumors. In MMTV-like env positive samples, the Pro allele, although
not significant, was correlated with a greater remission of these patients. Considering
all these results, further studies should be performed with BC to clarify the
involvement of the Arg72Pro polymorphism and the expression of p53 in MMTV-like
env positive and negative tumors.



Keywords: breast carcinoma; polymorphism; antiviral; tumor microenvironment.

INTRODUCTION

The p53 protein is one of the best-known tumor suppressor proteins and acts
as a regulator of several important cell signaling pathways. The activation of the p53
protein takes place in response to several sources of cellular stresses, such as
damage to cellular DNA, leading to an accumulation of the protein in the cell. The
suppressive activity of p53 results in the transcriptional regulation of other genes that
are involved in various processes, such as cell cycle arrest, apoptosis, cell aging
(senescence), DNA repair and cell differentiation (van Heemst, Mooijaart et al. 2005,
Bieging, Mello et al. 2014, Hashimoto, Nagano et al. 2019). Somatic mutations
present in the p53 protein are a frequent feature in most naturally occurring tumors,
being observed in 50% of primary tumors. In breast cancer (BC), these mutations can
be observed in up to 85% of cases. The mutated allele leads to defective production
of the p53 protein, preventing it from binding to DNA and activating gene transcription
(Hollstein, Sidransky et al. 1991, Hanahan and Weinberg 2000, Hanahan and
Weinberg 2011).

In addition, the p53 protein contributes to the immune response to eradicate
pathogens, such as viruses (Taura, Eguma et al. 2008, Hacke, Rincon-Orozco et al.
2010, Rivas, Aaronson et al. 2010). Viral involvement in the development of human
BC has been widely explored by several researchers, especially after the association
of mouse mammary tumor virus (MMTV) with the development of BC in mice (Bittner
1936). In this context, homologous gene sequences to those of MMTV were
identified in human tumor samples (Liu, Wang et al. 2001), thus demonstrating the
presence of genetic material from a virus that was named human mammary tumor
virus (MMTV-like). The prevalence of the gene sequence, characterized by the env
gene, in BC samples varies among populations (Amarante, de Sousa Pereira et al.
2019, Lawson and Glenn 2019). Despite a great effort to demonstrate the association
of MMTV-like with BC human, little is known about the involvement of antiviral
immune responses in the tumor microenvironment.

The gene that encodes the p53 protein, TP53, has several genetic
polymorphisms. The most prominent is the rs1042522 (Arg72Pro), which consists of

a single nucleotide polymorphism (SNP), in which a guanine (G) is exchanged by a



cytosine (C), causing structural changes in the protein and, consequently, influencing
its activity (Thomas, Kalita et al. 1999, Thomas, Kalita et al. 1999, Dumont, Leu et al.
2003, Bergamaschi, Samuels et al. 2006). In the presence of G at codon 72 (CGC),
the genetic sequence encodes the amino acid arginine (Arg). On the other hand,
when there is an exchange for a C in the same region (CCC), the encoded amino
acid is proline (Pro) (Matlashewski, Tuck et al. 1987). Studies have shown that the
presence of the amino acid Arg is more compelling to apoptosis, while the presence
of Pro induces cell cycle blockage and DNA repair (Dumont, Leu et al. 2003, Pim and
Banks 2004, Siddique and Sabapathy 2006).

Thus, the aim of this study was to evaluate the rs1042522 Arg72Pro
polymorphism in BC patients, also associate the genotypes with the presence of

MMTV-like env gene and correlate with clinicopathological parameters.

MATERIALS AND METHODS

Human Subjects

Our study was approved by the Human Ethics Committee of Londrina State
University (CAAE 73557317.0.0000.5231 and CAAE 47709015.2.0000.5231). All
women enrolled in this study signed a form of free-informed consent prior to the
collection of biological material. This case-control study included a group of 372
healthy women and a group of 215 BC patients.

For the control group, peripheral blood samples were collected from women
attended at the Clinical Hospital of Londrina State University. Inclusion criteria were
the absence of a history of BC, proven by clinical examination and updated
mammography at the time of collection, absence of cases of BC in the family and
absence of infections or autoimmune diseases. As a way of pairing the samples from
the two groups used in this study, the control samples were collected in the same
geographic region as the BC patients.

Women diagnosed with BC were invited to participate during the clinical care
in Londrina Cancer Hospital (LHC), Londrina, PR, Brazil, all of them were attended
by the Brazilian Public Health System (SUS). During breast tumor surgery, the
responsible surgeon collected the biological samples, which consisted of peripheral
blood and tumor tissue. Then, these samples were sent to the Laboratory of DNA

Polymorphisms and Immunology for processing. Clinicopathological features, such



as age at diagnosis, tumor size, histopathological grade, lymph node metastasis
(LNM) status, pathological disease stage, survival and immunostaining for Ki67
(cellular proliferation index), p53, estrogen receptor (ER), progesterone receptor
(PR), human epidermal growth factor receptor 2 (HERZ2), were retrieved from
patients’ medical records. Clinical staging was determined according to the Union of
International Control of Cancer (UICC) classification criteria (Brierley, Gospodarowicz
et al. 2017). Immunohistochemical (IHC) analysis for ER, PR and HER2 were
performed as a clinical routine in the Laboratory of Clinical Pathology of the LCH,
following standard protocol (Hammond, Hayes et al. 2010, Wolff, Hammond et al.
2013). Expression of Ki67 was assessed through IHC and BC was classified
according to the number of tumor cells expressing Ki67 in low (15%), intermediate
(16%—-30%), or high (>30%) expression groups (Goldhirsch, Ingle et al. 2009).
Immunostaining for p53 protein was used as an indirect indicator of missense
mutations in the tumor suppressor TP53 gene. A total of 215 BC samples were
included in this work and only 200 women had enough data in their medical records

to molecularly classify their tumors.

DNA extraction

Peripheral blood was collected in an ethylenediamine tetraacetic acid (EDTA)
tube and DNA was extracted using the Biopur MiniSpin kit (Biometrix diagndstica,
Curitiba, PR, Brazil), according to the manufacturer's standards. Tumor tissue was
mechanically dissociated under aseptic conditions and genomic DNA was obtained
by the salting-out method (Kirby 1990). All DNA samples were quantified in a
NanoDrop-2000c  spectrophotometer (Thermo-Fisher  Scientific, Wilmington,
Delaware, USA) at a wavelength of 260nm. DNA samples were stored at -20°C and

adjusted to a concentration of 100ng/uL prior to use.

Polymorphism rs1042522 Arg72Pro of the TP53 gene

The primers used for the rs1042522 Arg72Pro of TP53 gene polymorphism
assay were synthesized as described by Aoki, da Silva do Amaral Herrera et al.
(2009). Amplification reactions were performed using 1x Buffer (20mM Tris-HCI pH
8.5; 50mM KCI), 75 yM dNTP, 0.1uM of each primer, 1.5mM MgCI2 and 1.25U of
Tag DNA polymerase (Invitrogen, Carlsbad, California, USA). The amplification

reaction took place in a Biocycler thermocycler (Biosystems, Brazil), under the



following conditions: 94°C for 3 minutes; followed by 35 cycles of 94°C for 30
seconds, 61°C for 30 seconds, 72°C for 30 seconds; and a final extension step at
72°C for 5 minutes. Genomic DNA known to be heterozygous for the Arg72Pro
polymorphism was used as a positive control in all PCR reactions. The negative
control was performed without adding DNA and was also used in all PCR reactions.
After amplification, the PCR product was submitted to 10% polyacrylamide gel
electrophoresis and stained with silver nitrate (AgNO3). The electrophoretic profile for
the polymorphism Arg72Pro of the TP53 gene is demonstrated in Figure 1, which
shows the PCR fragments for Arg/Arg (136 bp), Arg/Pro (178 bp and 136 bp) and
Pro/Pro (178 bp) genotypes.

S1 S1 S22 S2 S3 S3 NC NC
Arg Pro Arg Pro Arg Pro Arg Pro

L

Figure 1. Electrophoretic profile for the polymorphism rs1042522 Arg72Pro of
the TP53 gene. L: 100bp ladder marker (Invitrogen, USA); S1: Arg/Arg sample; S2:
Arg/Pro sample; S3: Pro/Pro sample; NC: negative control.

Nested PCR for MMTV-like env gene

Conditions for the amplification of the MMTV-like env gene were described in
a previous work by our research group (de Sousa Pereira, Akelinghton Freire Vitiello
et al. 2020). Therefore, in this study, we used data from this article to assess the
relationship between Arg72Pro genotypes and the presence of MMTV-like in tumor

tissue.

Statistical analysis
Association analyzes were performed using chi-square test. Correlation
analyzes were performed by calculating the Kendall's Tau-b and Tau-c coefficients.

For statistical analyses, the following statistical programs were used: SPSS Statistics



20.0 (SPSS inc., Chicago, lllinois, USA) and GraphPad Prism version 6.1 (GraphPad
Software Inc. San Diego, California, USA). For all data, the significance level adopted

was p<0.05.

RESULTS

The clinicopathological features of BC are shown in Table 1.

Table 1 — Clinicopathological characteristics of the patients.

Breast cancer subgroups

Parameter Total Luminal-A  Luminal-B HER2 TN
(n =215) (n =139) (n = 24) (n=12) (n = 25)
Age (years)

Mean (SD) 56 (13) 57 (13) 53 (10) 54 (17) 55 (15)
Median (IQR) 54 (19) 56 (18) 50 (18) 51 (19) 51 (22)

<40 [n (%)] 24 (11.2) 12 (8.7) 4 (16.7) 0 (0.0) .6 (24.0)
40-49 [n (%)] 58 (27.1) 39 (28.3) 7(29.2) 4 (33.4) 4 (16.0)
50-59 [n (%)] 50 (23.4) 34 (24.6) 5(20.8) 2 (16.6) 5(20.0)
60-69 [n (%)] 45 (21.0) 30 (21.7) 4 (16.7) 1(8.3) 7 (28.0)
70-79 [n (%)] 28 (13.1) 19 (13.8) 1(4.1) 4 (33.4) 2(8.0)

>80 [n (%)] 9(4.2) 4 (2.9) 3(12.5) 1(8.3) 1(4.0)
Missed [n (%)] 1 1 0 0 0

Tumor size (cm)

Mean (SD) 2.8(1.9) 2.6 (1.8) 2.8 (2.3) 2.5(1.3) 3.8 (2.0)
Median (IQR) 2.2(1.7) 2.0 (1.50) 2.2 (1.1) 2.2 (0.9) 3.5(2.5)
0-1.5[n (%)] 28 (13.1) 19 (13.8) 4 (16.7) 0 (0.0) 3(12.0)

1.51-3.0 [n (%)] 131 (61.5) 87 (63.0) 12 (50.0) 8 (66.7) 13 (52.0)

>3.0 [n (%)] 54 (25.4) 32 (23.2) 8 (33.3) 4 (33.3) 9 (36.0)

Missed 2 1 0 0 0
Histopathological grade [n (%)]
I 28 (13.9) 24 (18.5) 1(4.2) 0 (0.0) 0 (0.0)
I 85 (42.1) 63 (48.5) 9 (37.5) 4 (36.4) 6 (24.0)
1] 89 (44.0) 43 (33.0) 14 (58.3) 7 (63.6) 19 (76.0)
Missed 13 9 0 1 0
Histological Class [n (%)]
IDC 193 (90.6) 126 (92.0) 22 (91.7) 10 (83.3) 24 (96.0)
ILC 6 (2.8) 4 (2.9) 0 (0.0) 0 (0.0) 1(4.0)
Other 14 (6.6) 7(5.1) 2(8.3) 2 (16.7) 0 (0.0)
Missed 2 2 0 0 0
Tumor stage [n (%)]
0 10 (6.0) 5(4.7) 1(5.3) 2 (16.7) 0 (0.0)
I 36 (21.6) 29 (27.4) 3(15.8) 2 (16.7) 2 (8.3)
I 69 (41.3) 40 (37.7) 9 (47.4) 6 (50.0) 11 (45.8)
1] 43 (25.7) 25 (23.6) 6 (31.5) 1(8.3) 10 (41.7)
\Y 9(5.4) 7 (6.6) 0 (0.0) 1(8.3) 1(4.2)
Unknown 48 33 5 0 1
Lymph node metastasis [n (%)]
Positive 97 (46.9) 62 (45.3) 12 (54.5) 3(27.3) 12 (48.0)
Negative 110 (53.1) 75 (54.7) 10 (45.5) 8 (72.7) 13 (52.0)
Missed 8 2 2 1 0
Survival [n (%)]
Yes 116 (63.0) 82 (66.1) 14 (63.6) 6 (60.0) 13 (54.2)
No 68 (37.0) 42 (33.9) 8 (36.4) 4 (40.0) 11 (45.8)
Missed 31 13 2 2 1




Ki67 [n (%)]

Low 48 (25.9) 43 (34.1) 3 (14.2) 0 (0.0) 1(4.2)
Intermediate 79 (42.7) 60 (47.6) 9 (42.9) 4 (40.0) 5 (20.8)
High 58 (31.4) 23 (18.3) 9 (42.9) 6 (60.0) 18 (75.0)
Missed 30 13 3 2 1
p53 [n (%)]
Positive 66 (34.2) 31 (23.5) 11 (55.0) 7 (63.6) 14 (56.0)
Negative 127 (65.8) 101 (76.5) 9 (45.0) 4 (36.4) 11 (44.0)
Missed 22 7 4 1 0

TN: triple-negative; IDC: invasive ductal carcinoma; ILC: invasive lobular carcinoma; SD: standard
deviation; IQR: interquartile range.

In the analyzed samples, we were able to observe all genotypes of the TP53
gene polymorphism: Arg/Arg, Arg/Pro and Pro/Pro. The Arg/Arg genotype was
observed in 58.6% (126/215), Arg/Pro genotype was observed in 39.1% (84/215) and
Pro/Pro genotype was observed in 2.3% (5/215) BC patients.

Association analyses between TP53 genotypes in control and BC samples and
detection of MMTV-like env gene

A case-control association analysis was performed for the TP53 genotypes
and the Pro allele carrier. In our work, it was observed that the Pro/Pro homozygous
genotype protects the development of BC (p<0.0289; Odds Ratio: 0.33; Confidence
Interval: 0.12-0.88) (Table 2).

Table 2 - Association analyses between TP53 genotypes in control and breast
cancer samples

7P53 Groups

Control Breast Cancer ¥?p-value Odds Ratio (Cl 95%)
Genotypes
Arg/Arg [n (%)] 218 (58.6) 126 (58.6)
Arg/Pro [n (%)] 128 (34.4) 84 (39.1) 0.5285 1.13 (0.79-1.61)
Pro/Pro [n (%)] 26 (7.0) 5(2.3) 0.0289* 0.33 (0.12-0.88)
Pro Carrier
Arg/Arg [n (%)] 218 (58.6) 126 (58.6)
Pro [n (%)] 154 (41.4) 89 (41.4) 1.0000 0.99 (0.71-1.40)

x2: Chi-squared test; Cl: confidence interval.

Regarding negative and positive samples for the presence of the MMTV-like
env gene and TP53 polymorphism genotypes, no significant association was

observed in the analyzed BC samples (Table 3).



Table 3 - Association analyses between TP53 genotypes and detection of MMTV-like
env gene in BC samples

7P53 MMTV-like

Negative Positive  x? p-value Odds Ratio (IC 95%)
Genotypes
Arg/Arg [n (%)] 107 (61.5) 19 (46.3)
Arg/Pro [n (%)] 63 (36.2) 21 (51.2) 0.1056 1.88 (0.94-3.76)
Pro/Pro [n (%)] 4 (2.3) 1(2.5) 0.5693 1.41 (0.15-13.30)
Pro Carrier
Arg/Arg [n (%)] 107 (61.5) 19 (46.3)
Pro [n (%)] 67 (38.5) 22 (53.7) 0.0813 1.85 (0.93-3.67)

¥2: Chi-squared test; Cl: confidence interval

Association analyses between p53 positivity by IHC and detection of MMTV-like env
gene in BC samples

Since some viruses, which have already been associated with tumor
development, have mechanisms capable of inhibiting the tumor suppressor activity of
the p53 protein, we searched for an association between expression of p53 protein
by IHC and the presence of MMTV-like env gene. As shown in Table 4, no
association was observed between the expression of the p53 tumor suppressor

protein with the presence of the MMTV-like env gene in BC samples.

Table 4 - Association analyses between expression of p53 protein and detection of
MMTV-like env gene in BC samples

53 MMTV-like
P Negative _ Positive  x2p-value Odds Ratio (IC 95%)

Negative [n (%)] 107 (67.7) 20 (57.2)
Positive [n (%)] 51 (32.3) 15 (42.8) 0.2430 1.57 (0.74-3.32)

p53 mutation (IHC); x?: Chi-squared test; Cl: confidence interval.

Correlations between TP53 genotypes and clinicopathological features in MMTV-like
tumor samples.

Finally, we decided to investigate whether the TP53 polymorphism genotypes
would be correlated with clinicopathological parameters of BC patients and those
who were negative and positive for the presence of the MMTV-like env gene. Results
obtained are shown in Table 5.

In general BC, the Pro carrier had a higher histopathological grade compared
to patients with the Arg/Arg genotype (Tau-b = 0.162; p = 0.016). By analyzing the
MMTV-like env negative samples, we could identify that Arg/Arg and Arg/Pro patients
had lower age at diagnosis than patients with Pro allele in homozygous (Tau-c =

0.143; p = 0.025) and that Pro carrier are mostly negative for the p53 expression



(Tau-b =-0.166; p = 0.032).

Although not significant, we did observe some trends in the correlation
analyses. In MMTV-like env negative samples, it was observed that Arg/Arg and
Arg/Pro patients had tumors with higher staging compared to Pro/Pro patients (Tau-b
= 0.142; p = 0.053). In MMTV-like env positive samples, this trend was observed
between the Pro carrier and the patient’s survival, showing a greater remission in
patients carrying the Pro allele (Tau-b = 0.304; p = 0.052).



Table 5 — Correlation analyses between TP53 genotypes and clinicopathological parameters in BC samples

Parameter

Breast Cancer

MMTV-like env negative

MMTV-like env positive

TP53 genotypes

Tau (p-value)

Pro Carrier

Tau (p-value)

TP53 genotypes

Tau (p-value)

Pro Carrier

Tau (p-value)

TP53 genotypes

Tau (p-value)

Pro Carrier

Tau (p-value)

Age
Tumor size
Histopathological grade
Histological class
Tumor stage
Lymph node metastasis
Survival
Estrogen receptor
Progesterone receptor
HER2
Ki67
p53
MMTV-like env

0.065 (0.244)
0.008 (0.884)
0.050 (0.458)
0.048 (0.476)
0.110 (0.104)
0.092 (0.181)
-0.103 (0.160)
-0.035 (0.630)
-0.004 (0.956)
-0.008 (0.905)
-0.030 (0.668)
0.011 (0.875)
0.116 (0.092)

-0.059 (0.450)
-0.134 (0.084)
0.162 (0.016%)
-0.017 (0.804)
-0.043 (0.563)
-0.069 (0.324)
0.008 (0.919)
0.004 (0.956)
0.025 (0.719)
-0.083 (0.235)
-0.005 (0.942)
-0.086 (0.234)
0.035 (0.618)

0.143 (0.025%)
0.000 (1.000)
0.030 (0.694)
0.085 (0.267)
0.142 (0.053)
0.084 (0.272)
-0.067 (0.414)
-0.035 (0.630)
-0.068 (0.413)
-0.063 (0.393)
-0.066 (0.391)
-0.021 (0.793)

-0.021 (0.810)
-0.158 (0.066)
0.147 (0.051)
-0.010 (0.898)
-0.041 (0.624)
-0.061 (0.435)
-0.068 (0.423)
0.025 (0.747)
0.043 (0.582)
-0.072 (0.355)
-0.007 (0.932)
-0.166 (0.032%)

-0.216 (0.076)
-0.004 (0.979)
0.106 (0.478)
-0.108 (0.469)
0.000 (1.000)
0.125 (0.421)
-0.207 (0.194)
0.096 (0.527)
0.066 (0.669)
0.100 (0.513)
0.111 (0.497)
0.109 (0.514)

-0.220 (0.213)
-0.040 (0.820)
0.206 (0.171)
-0.050 (0.742)
-0.035 (0.836)
-0.103 (0.513)
0.304 (0.052)
-0.089 (0.575)
-0.045 (0.774)
-0.155 (0.326)
0.003 (0.986)
0.198 (0.233)

*p<0,05
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DISCUSSION

The relationship between p53 protein and the presence of MMTV-like has
been explored in several studies. In a study of Pogo, Melana et al. (1999), a non-
significant increase in p53 protein expression, evaluated by IHC, was observed in
MMTV-like env positive samples. This association was proven by Lawson, Tran et al.
(2004), in which they showed there was an increased intensity of p53 protein
expression in MMTV-like env positive BC specimens as compared to BC samples in
which these sequences are absent. Furthermore, the accumulation of p53 protein in
the cell nucleus was more prominent in samples that contained the MMTV-like gene
sequences, indicating a possible participation of both in the development of more
aggressive breast tumors (Faedo, Ford et al. 2004). However, other studies have not
shown a significant association between the p53 protein and the presence of the
MMTV-like env gene in BC samples (Hachana, Trimeche et al. 2008, Mok, Lawson et
al. 2008). In this work, we also did not observe an association between p53 protein
and the presence of MMTV-like env gene in Brazilian BC samples. This finding
corroborates with previous findings from our research group, which demonstrated
that MMTV-like env positive patients have a better prognosis compared to MMTV-like
env negative patients (de Sousa Pereira, Akelinghton Freire Vitiello et al. 2020).

The association between p53 codon 72 polymorphism and the risk of
developing BC has been studied in different populations with conflicting results.
These divergences in frequency distribution can be explained by the characteristics
of the ethnic group (Thomas, Kalita et al. 1999, Murphy 2006). In a meta-analysis
carried out by van Heemst, Mooijaart et al. (2005), it was observed that homozygous
proline is more oncogenic than homozygous arginine, this statement is strengthened
by the fact that proline has a lower potential for apoptosis (Dumont, Leu et al. 2003).
More recent studies have also shown an association of the Pro allele with the risk of
developing BC (Proestling, Hebar et al. 2012, Ayoubi, Elkarroumi et al. 2018).
However, Papadakis, Dokianakis et al. (2000) have reported that Arg in homozygosis
is a risk factor for BC. This is, in a way, in agreement with our findings, as we
observed that the Pro/Pro homozygous genotype is a protective factor in the
development of BC. Interestingly, a previous study carried out by our research group
was observed, in a smaller sample group, a positive association for the homozygous
GG (Arg/Arg) genotype was observed in BC women (Aoki, da Silva do Amaral
Herrera et al. 2009).
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In this work, we demonstrate for the first time a lack of association between
genotypes of the Arg72Pro polymorphism in TP53 gene and the detection of the
MMTV-like env gene in human breast tumor samples. The relation of this
polymorphism with tumors associated with human papilloma virus (HPV) infection
has been explored. Xia, Zeng et al. (2013), through a meta-analysis, observed that
there is no association between the TP53 gene Arg72Pro polymorphism and the risk
of developing head and neck squamous cell carcinoma associated with HPV
infection. In a Brazilian study, homozygous Pro genotype appears to be a protective
factor for the acquisition of HPV infection in Human Immunodeficiency Virus (HIV)
positive women (Entiauspe, Seixas et al. 2014). Regarding the development of
cervical cancer, it was observed that HPV positive women with the Arg/Arg genotype
and Arg carriers have a higher risk of developing this type of cancer compared to the
control group (Isakova, Vinnikov et al. 2019).

Correlation analyzes were also performed between the genotypic and allelic
distribution of the Arg72Pro polymorphism and the clinicopathological parameters of
BC patients. In general BC, it was observed that patients carrying the Pro allele had a
higher histopathological grade compared to patients with the Arg/Arg genotype (Tau-
b = 0.162; p = 0.016). As mentioned earlier, the Pro allele has a lower potential for
apoptosis and the presence of the allele encoding this amino acid in homozygosis
can be considered more oncogenic than the presence of the Arg allele encoding in
homozygosis (van Heemst, Mooijaart et al. 2005).

Evidence was found that somatic mutations in the TP53 has longer half-life of
the p53 protein, which accumulates in cell nucleus and are evident in
immunostaining. Therefore, analysis of p53 expression through IHC p53 has been
used as an indirect marker of somatic mutation in TP53, which was associated with
poor prognosis and treatment failure in BC (Elledge, Clark et al. 1994, Yamashita,
Nishio et al. 2004, Kobayashi, lwaya et al. 2013, Banin Hirata, Oda et al. 2014). By
analyzing the MMTV-like env negative samples, we were able to observe that in BC
patients who carry the Pro allele they were mostly negative for the p53 expression
compared to Arg/Arg patients (Tau-b = -0.166; p = 0.032). Langergd, Bukholm et al.
(2002) evaluated the combination of the somatic mutation in p53 and the TP53
polymorphism alleles in 390 BC samples and observed that the occurrence of the
somatic mutation in p53 was more frequent in patients carrying the Arg allele

compared to those carrying the Pro allele. These results suggest a growth advantage
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for cells carrying a p53 somatic mutation when the mutation resides on an Arg72
allele, which may increase the risk of malignant transformation and development of
cancer. Interestingly, although not significant, we could observe that Arg/Arg and
Arg/Pro patients had tumors with higher staging compared to Pro/Pro patients. The
relationship between the Arg72Pro polymorphism genotypes and the presence of
somatic mutations in the TP53 have been explored in other types of cancer, such as
non-small cell lung cancer (Lind, Ekstrem et al. 2007), oral squamous cell
carcinomas (Hsieh, Huang et al. 2005) and transitional cell carcinomas (Furihata,
Takeuchi et al. 2002), all demonstrating the presence of somatic mutation in p53 in
patients carrying the Arg allele.

Also, in this same group of patients, a significant correlation with age at
diagnosis was observed, with Arg/Arg and Arg/Pro patients being younger compared
to patients with the Pro allele in homozygosis. The association between age at
diagnosis and Arg72Pro polymorphism in TP53 gene has been explored in the
literature and no significant results were observed in patients with BC (Damin,
Frazzon et al. 2006, Costa, Pinto et al. 2008). However, studies evaluating patients
with glioblastoma (El Hallani, Ducray et al. 2009), oral cancer (Shen, Zheng et al.
2002) and lung cancer (Jin, Wu et al. 1995, Murata, Tagawa et al. 1998) have shown
an association between the Pro/Pro genotype and early age in tumor development,
this can be explained by the decrease in apoptosis and higher rate of somatic
mutation in the tumor of Pro/Pro patients (El Hallani, Ducray et al. 2009).

A trend was also observed in positive MMTV-like env patients, in which we
observed a greater remission in patients carrying the Pro allele. Studies have shown
that cancer patients who have the Pro allele have longer survival compared to the
Arg/Arg genotype (van Heemst, Mooijaart et al. 2005, QJrsted, Bojesen et al. 2007).
However, a study carried out by Kodal, Vedel-Krogh et al. (2017), in which 105,200
individuals were genotyped and followed for a period of 10 years, an absence of
association between the Arg72Pro polymorphism genotypes with cancer mortality or
cancer incidence was observed.

The present work investigated the distribution of genotypes of the
polymorphism Arg72Pro in TP53 gene in BC patients and cancer-free controls in the
Brazilian population and we verified an association of the Pro/Pro genotype with
disease protection. Also, no association was found between TP53 genotypes and the

presence or absence of MMTV-like env gene, being the first work to seek such
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association. Despite this, we can observe that patients carrying the Pro allele had
significant correlation with clinicopathological characteristics, such as higher
histopathological grade and older age at diagnosis. However, in general BC, carriers
of the Pro allele who lack the MMTV like gene correlated negatively with the p53
expression. In MMTV-like env positive samples, the same Pro allele, although not
significant, was correlated with a greater remission of these patients. Considering all
these results, further studies should be performed in the Brazilian population with BC
to clarify the involvement of the Arg72Pro in TP53 gene polymorphism and the
expression of p53 protein in MMTV-like env positive and negative tumors.
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4 CONCLUSAO

Artigo 1

e Neste estudo, podemos verificar a associagao entre estressores
cronicos da vida prévio ao diagndstico de CM com estado civil e positividade para
RE, demonstrando o panorama social e clinico-patolégico das pacientes atendidas

no HCL, Parana, Brasil.

Artigo 2

e Este estudo demonstra que ndao ha associagédo entre os
genotipos WT/Del de APOBEC3 e a presenga do gene env do MMTV-like em
pacientes com diagnostico de CM, sendo o primeiro estudo que busca essa

associagao.

Artigo 3

e Observamos que os niveis plasmaticos de IFN-y foram menores
em amostras de pacientes com CM em comparagao ao grupo controle.

e Quanto ao seu papel no CM MMTV-like positivo, ndo esta claro
se os niveis aumentados de IFN-y estdo refletindo uma possivel resposta imune
contra o virus ou se a citocina esta contribuindo para o crescimento de células
malignas. Portanto, mais estudos devem ser realizados para explorar a relagéo da

sinalizagao de IFN no microambiente tumoral MMTV-/ike positivo.

Artigo 4

e Verificamos que, no estudo caso-controle, o gendétipo Pro/Pro do
polimorfismo rs1042522 Arg72Pro do TP53 gera protegdo para o desenvolvimento
do CM e auséncia de associagao entre os genotipos com a presenga do gene env
do MMTV-like, sendo o primeiro trabalho a avaliar tal associagao.

e Outros estudos devem ser realizados para verificar as
correlagdes dos gendtipos com os parametros clinico patoldgicos estudados nesse
trabalho, visto que resultados do polimorfismo rs1042522 Arg72Pro do TP53 sao

controversos em diversas populagdes.
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5 CONSIDERAGOES FINAIS

O presente trabalho avaliou o envolvimento do estresse crbnico, do
virus do tumor mamario humano (MMTV-like), de variagdes genéticas e da resposta
imune antiviral como possiveis fatores associados ao desenvolvimento do CM.

Neste trabalho, podemos observar que o estresse cronico, muitas
vezes ocasionado por mortes de pessoas muito proximas das mulheres, como
cbnjuge, pode ocasionar a desestabilizacdo fisica e emocional. Essas alteragdes,
somadas a outros fatores de risco que essas mulheres estdo expostas, podem vir a
auxiliar no desenvolvimento de uma neoplasia, como o proprio CM.

Ja no contexto imunolégico envolvendo a presenga do MMTV-like no
microambiente tumoral, podemos constatar o papel controverso do IFN-y. Apesar
disso, os niveis plasmaticos de IFN-y foram menores em amostras de pacientes,
sendo observado o mesmo nos subtipos moleculares Luminal-A, Luminal-B e triplo-
negativo. Com relagdo ao envolvimento dos genotipos da delecdo da APOBEC3B e
do SNP rs1042522 Arg72Pro do TP53 na presenga do gene env do MMTV-like nas
amostras de CM, nao foi observada nenhuma associagdao, porém precisamos
ressaltar que, até o presente momento, estes sao trabalhos inéditos na literatura.

Assim, o presente trabalho indica o envolvimento de fatores
estressores prévios ao diagnostico do CM como possiveis fatores associados ao
desenvolvimento da doenca. Além disso, elementos da resposta imune antiviral,
como a expressdo proteica de IFN-y e polimorfismos genéticos em genes que
codificam proteinas importantes dessa resposta, parecem nao prejudicar e nem
beneficiar a participacdo do MMTV-/ike na patogénese do CM. Tais resultados
auxiliam na compreensado dos possiveis mecanismos necessarios para atuacao do
MMTV-like, sendo necessario outros estudos para confirmar o envolvimento desse

virus no desenvolvimento de CM em humanos.
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DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: PREVALENCIA DO VIRUS DO TUMOR MAMARIO (HMTV) E IMPLICAGOES NA
PATOGENESE DO CANCER DE MAMA

Pesquisador: MARLA KARINE AMARANTE

Area Tematica:

Versao: 2

CAAE: 47709015.2.0000.5231

Instituicao Proponente: Programa de Pés Graduagio em Patologia Experimental

Patrocinador Principal: CNPQ
Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 1.197.692

Apresentacao do Projeto:

Projeto intitulado "Prevaléncia do virus do tumor mamario (HMTV) e implicagdes na patogénese do cancer
de mama", proposto por Marla Karine Amarante, junto ao Programa de Pés Graduagdo em Patologia
Experimental, a ser realizado com recursos financeiros proprios e, principalmente, do CNPq. Sao previstas
andlises de tecidos mamarios tumorais retirados por solicitagdo médica no Hospital do cancer, bem como
amostra de sangue de regido periférica.

Objetivo da Pesquisa:

Investigar a presengca do HMTV em amostras de sangue e tecido tumoral de pacientes diagnosticadas com
cancer de mama, através da técnica de PCR; avaliar a expressdo génica por PCR tempo-real das citocinas
TGF-beta, IL-10 e IFN-alfa, -beta e -gama e utilizar imunoensaio enzimatico (ELISA) para a determinagao
destas mesmas citocinas em amostras de plasma com o objetivo de caracterizar a reposta imune induzida
pela infecgdo. Os resultados podem suscitar evidéncias de potencial efeito clinico da infecgéo pelo virus
HMTV em pacientes com cancer de mama e caracterizar possivel associacao do virus a patogénese do
cancer mamario.

Avaliagao dos Riscos e Beneficios:
Prevé que ndo havera riscos as participantes da pesquisa, exceto por algum desconforto
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decorrente do procedimento de retirada de 4 ml de sangue. Os beneficios sdo previstos em forma de
producdo de conhecimento cientifico.

Comentarios e Consideragoes sobre a Pesquisa:
Pesquisa relevante.

Consideragoes sobre os Termos de apresentagao obrigatoria:

Folha de rosto adequada.

Termo de concordancia com a realizagao da pesquisa emitido por gestor do Hospital do Cancer de Londrina
adequado.

TCLE ajustado, conforme género, para participantes diagnosticadas com tumor mamario.

TCLE para participantes saudaveis, em linguagem didatica, com previsdo de possivel desconforto a retirada
de amostra de 4 ml de sangue, informacao detalhadas sobre quem fara tal procedimento, onde e quando.
Cronograma genérico sem informacao sobre datas, mas apenas numero estimado de meses.

Custos previstos em grade orcamentaria.

Sigilo e confidencialidade garantidos por meio dos TCLE.

Recomendacgoées:

Aprovacéo.

Conclusodes ou Pendéncias e Lista de Inadequagoes:
Nao ha.

Consideracgoes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagéo

Folha de Rosto folha de rosto- HMTV .pdf 14/07/2015 Aceito
13:23:26

Outros Declaragao HCL.pdf 15/07/2015 Aceito
16:14:13

Informagdes Basicas| PB_INFORMAGCOES_BASICAS_DO_P | 20/07/2015 Aceito
do Projeto ROJETO 553857.pdf 15:56:58

Informagdes Basicas| PB_INFORMAGCOES_BASICAS_DO_P | 28/07/2015 Aceito
do Projeto ROJETO 553857.pdf 14:29:45

Endereco: PROPPG-LABESC - Sala 3

Bairro: Campus Universitario CEP: 86.057-970
UF: PR Municipio: LONDRINA
Telefone: (43)3371-5455 E-mail: cep268@uel.br

Pagina 02 de 03



lm Coahe & L1

:%- F l Saucs Mimsscs

-,‘v’-

Pusgaiua Eveshuads

UNIVERSIDADE ESTADUAL DE
LONDRINA - UEL/ HOSPITAL
REGIONAL DO NORTE DO

cA L

Continuacdo do Parecer: 1.197.692

asil

133

wﬂoc&orm

Informacgdes Basicas|PB_INFORMACOES_BASICAS_DO_P | 29/07/2015 Aceito
do Projeto ROJETO 553857.pdf 12:16:30
Outros Edital 2014 .pdf 29/07/2015 Aceito
17:24:45

Informacdes Basicas| PB_INFORMACOES_BASICAS_DO_P | 29/07/2015 Aceito
do Projeto ROJETO 553857.pdf 17:25:12
Projeto Detalhado / |Projeto HMTV- Amarante corrigido.pdf 17/08/2015 Aceito
Brochura 15:55:41

LInvestigador
TCLE / Termos de |TCLE - 17082015.pdf 17/08/2015 Aceito
Assentimento / 15:55:59
Justificativa de

|Auséncia
TCLE / Termos de [TCLE 17082015 saudaveis.pdf 17/08/2015 Aceito
Assentimento / 15:56:13
Justificativa de
Auséncia
Informacgdes Basicas|PB_INFORMAGCOES_BASICAS_DO_P | 17/08/2015 Aceito
do Projeto ROJETO_553857.pdf 15:56:45

Situagao do Parecer:
Aprovado

Necessita Apreciagcao da CONEP:

Nao

Endereco:

Bairro: Campus Universi
UF: PR Mun

Telefone:

(43)3371-5455

LONDRINA, 24 de Agosto de 2015

Assinado por:

Paula Mariza Zedu Alliprandini

(Coordenador)
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tario CEP: 86.057-970
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Implicagdes Prognésticas e Terapéuticas de Marcadores Genéticos e Imunolégicos no
Cancer

Pesquisador: Maria Angelica Ehara Watanabe

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que nao necessita de analise
ética por parte da CONEP;);

Versao: 1

CAAE: 73557317.0.0000.5231

Instituigao Proponente: Programa de PG em Patologia Experimental
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 2.297.112

Apresentacgao do Projeto:

Trata-se de estudo vinculado ao Programa de Pés Graduagdo em Patologia Experimental/UEL. Segundo a
pesquisadora o cancer ocorre decorrente da proliferacdo descontrolada das células devido a varios fatores,
sejam eles ambientais ou genéticos, que podem culminar com invasdo tecidual préxima ao tumor primario
ou até mesmo o desenvolvimento de metastases. Trata-se de uma doenga complexa, heterogénea, e sua
evolucdo é dependente da interagcdo tumor-hospedeiro. O conhecimento sobre os diferentes tipos de
tumores tem sido muito explorado mas o grande desafio da oncologia tem sido o entendimento dos
mecanismos moleculares que envolvem estes tumores malignos. Dentro deste contexto, os aspectos
imunolégicos, moleculares e epigenéticos, das citocinas e dos receptores de quimiocinas e receptores de
citocinas, dos genes JAK2, ROR e p53, e também das enzimas de metabolizagdo foram os temas
escolhidos para serem abordados neste projeto, uma vez que todos estes parametros podem ter relevancia
clinica e também constituirem alvos promissores que no futuro podem ser valiosos na avaliagédo do
progndstico e no delineamento terapéutico. A pesquisa sera realizada no Laboratério de Polimorfismos DNA
e Imunologia, Departamento de Ciéncias Patoldgicas, Centro de Ciéncias Biolégicas da UEL. Serédo
selecionadas um total de 1150 amostras provenientes do Hospital de Cancer de Londrina:
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- 300 Amostras de tecido normal e tumoral de pacientes diagnosticadas com cancer de mama, cancer de
laringe, cancer colorretal, meduloblastoma, neuroblastoma e tumor adrenocortical. a realizagdo do ensaio de
imuno-histoquimica. Essas analises serdo realizadas no Laboratério de Polimorfismos DNA e Imunologia da
UEL.

- 200 Amostras de tecido tumoral e saudavel a fresco, de pacientes diagnosticados com cancer de mama,
laringe e colorretal, provenientes de cirurgia para excisao do tumor do mesmo hospital para extragao de
DNA, RNA e sobrenadante.

- 300 Amostras de sangue de pacientes diagnosticadas com cancer de mama, cancer de laringe e cancer
colorretal e tumores pediatricos, que serdo coletadas para obtengcdo de DNA, RNA e plasma para estudos
de polimorfismos genéticos, expressdo génica e proteica.

- 50 Amostras de medula de pacientes pediatricos diagnosticados com leucemias agudas (linféide e
mieldide) para extracdo de RNA e plasma.

- 300 Amostras de sangue periférico e/ou saliva de controles saudaveis, sem histérico de neoplasia, para
extracdo de DNA, RNA e plasma.

Serdo realizados analise de PCR-RFLP para estudo das variantes alélicas polimérficas, andlise de
imunohistoquimica, analise da expressdo génica por PCR quantitativo, analise da Expressdo Proteica por
ELISA. Os participantes da pesquisa serdo convidados a participar do estudo durante o atendimento clinico
no Servigo de Oncologia do Hospital do Cancer de Londrina. No grupo caso seréo incluidas todos os
pacientes que tiverem diagndstico para cancer de mama, cancer laringe e cancer colorretal e tumores
pediatricos. E no grupo controle serdo incluidos individuos saudaveis sem histérico de neoplasias, doencas
autoimunes e infecgdes. Serdo excluidos pacientes com doengas infecciosas ou autoimunes.

Objetivo da Pesquisa:

Objetivo Primario:

- Avaliar a presenca dos polimorfismos genéticos, expressdo génica e expressao proteica do fator de
transcricdo FOXP3, das citocinas TGFB1, IL10, IL12A, IL35 IL1B, TNFa e INFg, das quimiocinas CXCL12 e
CCL5, das proteinas SMAD, IGF1, CTLA4, dos receptores de quimiocinas CXCR4, CXCR7 e CCR5 e
receptores de citocinas TRII, TRIIl, GIPR, IL1RN e IL7R, dos genes JAK2, ROR e p53, e também das
enzimas de metabolizagdo NQOI, GSTT1 e GSTM1, no tecido tumoral e normal, e no sangue periférico dos

pacientes com cancer de mama, laringe e colorretal e nos tumores pediatricos.
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Objetivos Secundarios:

» Detectar a presenga dos polimorfismos genéticos do FOXP3, TGF, IL10, IL12A, IL35 IL1B, TNFa e INF
gama, das quimiocinas CXCL12 e CCL5 dos receptores de quimiocinas CXCR4, CXCR7 e CCR5 e
receptores de citocinas TRII, TRIII, GIPR, IL1RN e IL7R, dos genes JAK2, ROR e p53, e também das
enzimas de metabolizacdo NQOI, GSTT1 e GSTM1 nos DNAs extraidos do cancer de mama, cancer de
coélon, tumores de laringe e cancer colorretal e para os tumores pediatricos (tumor de Wilms,
meduloblastoma, neuroblastoma, leucemias agudas, linfomas e tumor

adrenocortical).

* Avaliar a expressao génica dos genes acima citados por PCR quantitativo.

* Realizar imunohistoquimica para FOXP3, TGFb1, IL10, IL12A, IL35 IL1B, CXCL12 CCL5, SMAD, CXCR4,
CCRS5, p53 nos tecidos tumoral e saudavel fixados em formalina tamponada e embebido em parafina, para
avaliar a expressao proteica.

* Avaliar a expressao proteica por ELISA dos genes CXCL12, TGF-, FOXP3, CCL5 e INF gama.

+ Avaliar a influéncia dos polimorfismos genéticos na expresséo génica e proteica desses genes.

» Comparar a frequéncia alélica dos polimorfismos dos genes supracitados e compara-los com os dados
clinicopatolégicos dos pacientes com os diferentes tipos de cancer.

Avaliacao dos Riscos e Beneficios:

Segundo a pesquisadora o risco que os participantes da pesquisa podem ter neste projeto & quanto ao
desconforto na hora da coleta de sangue periférico, porém a coleta sera efetuada por profissional habilitado
seguindo-se todas as normas de biosseguranga, e caso ocorra algum tipo de desconforto o participante sera
prontamente atendido e amparado pelos coletores responsaveis. O estudo ndo trara beneficios diretos aos
participantes, mas pretende-se obter marcadores que possam fornecer subsidios adicionais de auxilio
prognéstico e delineamento terapéutico de pacientes com cancer de mama, cancer laringe e cancer
colorretal e tumores pediatricos. Espera-se também obter uma integracdo maior entre as instituicées
colaboradoras, Universidade Estadual de Londrina e Hospital do Cancer de Londrina. O envolvimento de
pesquisadores colaboradores permitira a formacao de profissionais qualificados para atuarem nas areas de
Imunologia e Genética do cancer, disseminando o conhecimento. Pretende-se contribuir com um maior
conhecimento dos mecanismos envolvidos com a patogénese das doengas acima referidas e futuramente
com a melhoria na qualidade de vida dos pacientes, através da inclusdo de marcadores que, de alguma
forma, possam ser aplicados futuramente na pratica clinica.

Enderego: LABESC - Sala 14
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Comentarios e Consideragoes sobre a Pesquisa:

O estudo é relevante.

Consideragoes sobre os Termos de apresentagao obrigatoria:

137

S

A pesquisadora apresentou folha de rosto devidamente assinada pelo Coordenador do Programa de Poés

Graduacao em Patologia Experimental, cronograma adequado e orgamento detalhado. Apresentou 04

modelos de TCLE adequados em forma de convite (adultos e criangas caso e adulto e criangas controle

saudaveis). Apresentou ainda termo de autorizacdo do hospital e declaracdo de 02 bioquimicas

responsaveis pelas coletas das amostras.

Conclusoes ou Pendéncias e Lista de Inadequagoes:

N&o ha pendéncias ou

inadequacoes.

Consideracgoes Finais a critério do CEP:

Relatoria realizada em

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

reunido ordinaria em 25/09/2017

Tipo Documento Arquivo Postagem Autor Situagao
Informacdes Basicas| PB_INFORMACOES_BASICAS_DO_P | 11/08/2017 Aceito
do Projeto ROJETO_963665.pdf 16:08:50
Folha de Rosto Folha_rosto.pdf 24/07/2017 |Maria Angelica Ehara| Aceito
16:01:36 | Watanabe

Cronograma 9_cronograma.pdf 18/07/2017 |Maria Angelica Ehara| Aceito
15:57:53 | Watanabe

Projeto Detalhado / |8_Projeto_Cancer_2017.pdf 18/07/2017 |Maria Angelica Ehara| Aceito

Brochura 15:30:16 | Watanabe

Investigador

Outros 6_Declaracao_HCL.pdf 18/07/2017 |Maria Angelica Ehara| Aceito
15:29:55 | Watanabe

TCLE / Termos de [4_TCLE_pacientes_adultos.pdf 18/07/2017 |Maria Angelica Ehara| Aceito

Assentimento / 15:28:43 | Watanabe

Justificativa de

Auséncia

TCLE / Termos de  |3_TCLE_criancas.pdf 18/07/2017 |Maria Angelica Ehara| Aceito

Assentimento / 15:28:12 | Watanabe

Justificativa de

Auséncia

TCLE / Termos de [2_TCLE_controles_saudaveis_crianca.p| 18/07/2017 |Maria Angelica Ehara| Aceito

Assentimento / df 15:27:11 | Watanabe

Justificativa de

Auséncia

Endereco: LABESC - Sala 14

Bairro: Campus Universitario CEP: 86.057-970
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TCLE / Termos de |1_TCLE_controles_saudaveis_adultos.p| 18/07/2017 |Maria Angelica Ehara| Aceito
Assentimento / df 15:25:12 | Watanabe
Justificativa de
Auséncia
Declaracao de 7_Termo_responsabilidade_coleta.pdf 18/07/2017 |Maria Angelica Ehara| Aceito
Pesquisadores 15:24:58 | Watanabe
Declaragéo de 5_Termo_de_Confidencialidade_e_Sigil | 18/07/2017 |Maria Angelica Ehara| Aceito
Pesquisadores o.pdf 15:22:23 | Watanabe

Situacgao do Parecer:

Aprovado

Necessita Apreciagao da CONEP:

Nao

LONDRINA, 26 de Setembro de 2017

Assinado por:
Rosana Lopes

(Coordenador)
Endereco: LABESC - Sala 14
Bairro: Campus Universitario CEP: 86.057-970
UF: PR Municipio: LONDRINA
Telefone: (43)3371-5455 E-mail:

cep268@uel.br
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ANEXO B — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA AS PACIENTES COM
CANCER DE MAMA

Ch

== UNIVERSIDADE ESTADUAL DE LONDRINA
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Informacdes sobre a pesquisa:

Vocé esta sendo convidada a participar, como voluntaria, da pesquisa intitulada
“Estudo de marcadores genéticos, epigenéticos, moleculares e imunolégicos em
cancer”, que tem por objetivo analisar determinados tipo de moléculas que podem
influenciar na imunidade da paciente. Vocé sera esclarecida sobre a pesquisa em
qualquer aspecto que desejar. Sua participacdo nao € obrigatéria e, a qualquer
momento, vocé podera desistir de participar e retirar seu consentimento, sem que isso
acarrete qualquer penalidade.

Procedimentos do Estudo:

Os procedimentos da pesquisa envolvem a obtengdo de 5mL de sangue
periférico para analise das células e moléculas do sistema imunoldgico. Em caso de
tecido mamario tumoral, o tecido retirado durante a cirurgia sera encaminhado para
analise e o restante sera utilizado para a realizac&do deste projeto.

Confidencialidade da Pesquisa

As informagdes obtidas através desta pesquisa serdo confidenciais e
asseguramos o sigilo sobre sua participagdo. Os dados n&o serao divulgados de forma
a possibilitar sua identificagcao.

A amostra de sangue e tecido obtidos, serdo utilizados para obtencdo de DNA e
RNA para a realizagao deste projeto. A participagao no estudo ndo acarretara custos
para vocé e nao havera nehuma compemsacao financeira adicional. A coordenadora
do projeto é a Prof?. Dr? Maria Angelica Ehara Watanabe, que pode ser encontrada no
endereco: Rod. Celso Garcia cid, 445, Departamento de Ciéncias Patoldgicas, Centro
de Ciéncias Bioldgicas, Universidade Estadual de Londrina, CEP: 86051-970, Tel / Fax:
(43) 3371-5629, como também procurar o Comité de Etica em Pesquisa Envolvendo
Seres Humanos da Universidade Estadual de Londrina, na Avenida Robert Kock, n° 60,
ou no telefone 3371 — 2490.

Pesquisador Responsavel
RG:

Consentimento livre esclarecido e informado:

Eu, , RG ,
declaro que estou de acordo com as informacdes contidas neste documento, fui
devidamente esclarecida pelo(s) pesquisador(es) dos objetivos e procedimentos da
pesquisa de maneira clara e detalhada, e esclareci minhas duvidas. Concordo em
participar voluntariamente desse estudo sendo que poderei retirar meu consentimento
a qualquer momento, antes ou durante 0 mesmo, sem penalidades ou prejuizos no
meu atendimento neste projeto.

Londrina, de , 20

Assinatura do doador (ou responsavel):
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ANEXO C - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA AS MULHERES
SAUDAVEIS

Ch

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

Informacdes sobre a pesquisa:

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

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

Confidencialidade da Pesquisa

As informagdes obtidas através desta pesquisa serdo confidenciais e
asseguramos o sigilo sobre sua participagcdo. Os dados ndo serao divulgados de forma
a possibilitar sua identificagcao.

A amostra de sangue e tecido obtidos, serdo utilizados para obtencdo de DNA e
RNA para a realizagao deste projeto. A participagao no estudo ndo acarretara custos
para vocé e nao havera nehuma compemsacao financeira adicional. A coordenadora
do projeto é a Prof?. Dr? Maria Angelica Ehara Watanabe, que pode ser encontrada no
endereco: Rod. Celso Garcia cid, 445, Departamento de Ciéncias Patologicas, Centro
de Ciéncias Bioldgicas, Universidade Estadual de Londrina, CEP: 86051-970, Tel / Fax:
(43) 3371-5629, como também procurar o Comité de Etica em Pesquisa Envolvendo
Seres Humanos da Universidade Estadual de Londrina, na Avenida Robert Kock, n° 60,
ou no telefone 3371 — 2490.
Pesquisador Responsavel
RG:

Consentimento livre esclarecido e informado:

Eu, , RG ,
declaro que estou de acordo com as informacdes contidas neste documento, fui
devidamente esclarecida pelo(s) pesquisador(es) dos objetivos e procedimentos da
pesquisa de maneira clara e detalhada, e esclareci minhas duvidas. Concordo em
participar voluntariamente como doadora saudavel desse estudo sendo que poderei
retirar meu consentimento a qualquer momento, antes ou durante a execucgao deste
projeto.

Londrina, de , 20

Assinatura do doador (ou responsavel):




