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Prefacio

O presente trabalho foi desenvolvido no Laboratério de Investigacao
Molecular no Cancer (LIMC) da Faculdade de Medicina de Sao José do Rio Preto
(FAMERP) e no Laboratério de Espectrometria de Massas da Faculdade de
Filosofia, Ciéncias e Letras de Ribeirdo Preto, Universidade de Sao Paulo
(FFCLRP — USP).

O aluno realizou o projeto com bolsa CAPES (novembro de 2013 a junho
de 2015) e bolsa FAPESP (Proc n® 2015/02935-2 - julho de 2015 a outubro de
2017).

O projeto de doutorado intitulado “A melatonina e seus metabdélitos
como marcadores progndsticos em neoplasias mamarias humanas” teve
como objetivos avaliar os niveis séricos de melatonina e seus metabdlitos AFMK
e AMK em mulheres com carcinoma mamario, mulheres em quimioterapia e
mulheres que trabalham a noite e comparar com mulheres sem histérico de
cancer. Também foram avaliadas as expressdes do receptor de melatonina MT1
e do transportador de glicose GLUT1 em tumores mamarios através de
imunohistoquimica.

Para a defesa de tese apresentamos os manuscritos “Lower levels of
melatonin in women with breast cancer” e “Immunohistochemical
expression of melatonin receptor MT1 and glucose transporter GLUT1 in

human breast cancer”.
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RESUMO

O cancer de mama ¢é a principal causa de mortes relacionadas ao cancer em
mulheres e pesquisas tém sido focadas em identificar e validar biomarcadores
que podem ser utilizados para confirmar o diagnéstico e determinar o
prognéstico. Mudangas no ritmo circadiano podem contribuir para o
desenvolvimento do cancer e sendo assim, a melatonina, um horménio
sintetizado pela glandula pineal a noite, na auséncia de luz e seus metabolitos
AFMK e AMK sao sugeridos como potenciais biomarcadores. A melatonina pode
atuar através do receptor MT1 regulando cinases e a expressao de genes
especificos relacionados a proliferagdo, angiogénese, diferenciagéo celular e
transporte de glicose. A expresséao elevada de GLUT1 (Glucose Transporter-1)
esta associada ao prognéstico ruim no cancer. Os objetivos deste estudo foram
comparar os niveis de melatonina, AFMK e AMK em mulheres recentemente
diagnosticadas com cancer de mama, mulheres em quimioterapia adjuvante,
enfermeiras que trabalham a noite em comparagdo com mulheres saudaveis e
habitos normais e avaliou-se a expressao do receptor MT1 e GLUT1 em tumores
de mama e correlacionou com os subtipos moleculares, caracteristicas
patolégicas e prognéstico. Foi coletado sangue de 53 mulheres com cancer de
mama sendo 47 sem tratamento e 6 em quimioterapia adjuvante, 19 mulheres
saudaveis sendo 10 enfermeiras de turno noturno e 9 mulheres de habitos
normais. Os compostos foram quantificados por espectrometria de massas. Para
a expressao de MT1 e GLUT1 foi realizada imunohistoquimica em 42 tumores
de mama. Os resultados mostraram que mulheres com cancer de mama tiveram
niveis menores de melatonina em comparagao com mulheres de habitos normais
(p< 0.01), niveis ainda mais baixos em enfermeiras que trabalham no periodo
noturno e em pacientes em quimioterapia adjuvante (p<0.01). Nao houve
diferenca significativa nos niveis de AFMK e AMK entre os grupos (p>0.05). Além
disso, pacientes com metastase apresentaram niveis elevados de melatonina e
AFMK (p=0.02 e p=0.01, respectivamente) e altos niveis de AFMK estavam
presentes quando linfonodos estavam acometidos (p=0.04), pacientes com
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tumores maiores que 20mm e que dormem com luz a noite (p=0.02 e p=0.007,
respectivamente). Na analise imunohistoquimica, alta expressédo do MT1 foi
associada ao subtipo Luminal A, melhor prognéstico (p<0.05) e em tumores RE+
(p=0.002), enquanto que a expressao elevada de GLUT1 foi associada ao triplo-
negativo, pior prognéstico (p<0.05), tumores maiores que 20mm 9p=0.004) e
baixa em tumores RE+ (p=0.003). Em conclusdo, nossos resultados mostram
menores niveis de melatonina em pacientes com cancer de mama e apontam
para o beneficio da suplementacao de melatonina como protecao para mulheres
que trabalham a noite o que poderia reduzir o risco de desenvolvimento de
cancer de mama. Os resultados da imunohistoquimica indicam que o MT1 e o
GLUT1 podem ser utilizados como marcadores prognosticos e sdo potenciais
alvos para o tratamento do cancer de mama. De acordo com os resultados pode-
se concluir que a quebra do ciclo circadiano e, portanto, alteragdes nos niveis de
melatonina e a expressao de MT1 e GLUT1 podem estar relacionadas com o

risco de desenvolvimento e prognostico do cancer de mama.

Palavras-chave: Cancer. Cancer de mama. Melatonina. AFMK. AMK. MT1.
GLUT1.
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ABSTRACT

Breast cancer is the leading cause of cancer-related deaths in women and
researches has been focused on identify and validate biomarkers that can be
used to confirm the diagnosis and determine the prognosis. Changes in circadian
rhythm may contribute to the development of cancer and thus melatonin, a
hormone synthesized by the pineal gland at night, in the absence of light and its
metabolites AFMK and AMK are suggested as potential biomarkers. Melatonin
can act through the MT1 receptor by regulating kinases and the expression of
specific genes related to proliferation, angiogenesis, cell differentiation and
glucose transport. High GLUT1 (Glucose Transporter-1) expression is associated
with poor prognosis in cancer. The objectives of this study were to compare the
levels of melatonin, AFMK and AMK in women newly diagnosed with breast
cancer, women on adjuvant chemotherapy, health nurses which work at night
compared to healthy women and normal habits and the expression of MT1
receptor and GLUT1 in breast tumors and correlated with molecular subtypes,
pathological features and prognosis. Blood from 53 women with breast cancer
was colletcted, 47 of them without treatment and 6 in adjuvant chemotherapy, 19
healthy women, 10 of them night shiff nurses and 9 women of normal habits.
Compounds were quantified by mass spectrometry. For the expression of MT1
and GLUT1, immunohistochemistry was performed in 42 breast tumors. The
results showed that women with breast cancer had lower levels of melatonin
compared to normal women (p <0.01), even lower levels in nurses working at
night and in adjuvant chemotherapy (p <0.01). There was no significant difference
in AFMK and AMK levels between groups (p> 0.05). In addition, patients with
metastasis had high levels of melatonin and AFMK (p = 0.02 and p = 0.01,
respectively) and high levels of AFMK were present when lymph nodes were
affected (p = 0.04), patients with tumors larger than 20mm and who sleep with
light at night (p = 0.02 and p = 0.007, respectively). In the immunohistochemical
analysis, high MT1 expression was associated with the Luminal A subtype, with
a better prognosis (p <0.05) and in ER + tumors (p = 0.002), whereas high GLUT1
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expression was associated with triple negative, worse prognosis (p<0.05), tumors
greater than 20mm (p= 0.004) and low in ER + tumors (p = 0.003). In conclusion,
our results show lower levels of melatonin in breast cancer patients and point to
the benefit of melatonin supplementation as protection for women who work at
night which could reduce the risk of developing breast cancer. The results of
immunohistochemistry indicate that MT1 and GLUT1 can be used as prognostic
markers and are potential targets for the treatment of breast cancer. According
to the results it can be concluded that the breakdown of the circadian cycle and,
therefore, changes in melatonin levels and the expression of MT1 and GLUT1

may be related to the risk of development and prognosis of breast cancer

Keywords: Cancer. Breast cancer. Melatonin. AFMK. AMK. MT1. GLUT1.
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INTRODUCAO

.  CANCER DE MAMA

Cancer € o nome dado a um conjunto de mais de 100 doengas que tém
em comum o crescimento desordenado (maligno) de células que invadem os
tecidos e 6rgaos, podendo espalhar-se (metastase) para outras regides do
corpo. Estas células tendem a ser muito agressivas e incontrolaveis,
determinando a formacdo de tumores (acumulo de células cancerosas) ou
neoplasias malignas. O carcinoma mamario € o cancer mais frequentemente
diagnosticado e a principal causa de morte por cancer em mulheres no Brasil e
no mundo, e, segundo o Instituto Nacional do Céancer, desde 1979 os dados
mostram que isso tem agravado. Para 2016, estimou-se a ocorréncia de 57960
casos novos de cancer da mama, com um risco estimado de 56,2 casos a cada
100 mil mulheres (INSTITUTO NACIONAL DO CANCER, 2016).

Esta doenca é considerada heterogénea com multiplas variagbes
fenotipicas e moleculares, necessitando de uma grande variedade de
tratamentos que podem conduzir a diferentes respostas (WEI et al., 2013). Os
métodos diagnésticos atuais se limitam principalmente a procedimentos
invasivos, como bidpsias de tecido, e mesmo apos o diagndstico, o progndstico
pode ndo ser conclusivo, uma vez que as células tumorais podem adquirir
resisténcia a determinado tratamento, o que favorece o crescimento tumoral,
invasao e metastase (PARK et al., 2010). Dessa forma, marcadores especificos

podem ser utilizados para determinar caracteristicas especificas do tumor,



identificando pacientes que se beneficiarao com tratamentos especificos
(PEREZ, 2011).

Nesse sentido, com o avango de técnicas que viabilizam o mapeamento
das expressdes génicas e proteicas de tecidos foram possiveis a deteccéo e a
distincao de diferentes perfis de neoplasias mamarias. Essas alteracdes estao
diretamente associadas com prognéstico, resisténcia a quimioterapia, terapia
hormonal e proliferacao celular (ROSS et al., 2009).

A positividade para o receptor de estrégeno (RE), por exemplo, € um fator
preditivo de resposta ao quimioterapico Tamoxifeno, porém, os tumores
chamados triplo-negativos, (RE-, RP- e HER2-) sdo caracterizados por um pior
prognéstico, uma vez que nao respondem a tratamentos especificos,
relacionando-se a ocorréncia de metastases e menor sobrevida das pacientes.
Ja o uso de Trastuzumabe (Herceptin) em pacientes com cancer de mama que
apresentam superexpressao da proteina HER2 € um exemplo de sucesso da
terapia-alvo com anticorpos monoclonais. Esses dados mostram a importancia
da expressdo de um ou mais imunomarcadores como uma informagao util, e
muitas vezes conclusiva, na pratica clinica (THOMAS; BERNER, 2000),
permitindo que estratégias de tratamento sejam definidas de maneira mais eficaz
e com menor toxicidade (DUFFY; O'DONOVAN; CROWN, 2011; GONZALEZ-
ANGULO; MORALES-VASQUEZ; HORTOBAGYI, 2007; HICKS; KULKARNI,
2008).

A classificacdo prognéstica atual considera, além dos subtipos

histologicos, os subtipos moleculares (PEROU; BORRESEN-DALE, 2011),



caracterizados nos seguintes fenétipos: Luminal A (receptor de estrogénio (RE)
positivo e/ou receptor de progesterona (RP) positivo, receptor do fator de
crescimento epidermal 2 negativo (HER2) negativo e Ki67<14%; Luminal B (RE*
e/ou RP*, HER2"* e Ki67>14%); Triplo-negativo (RE", RP-, HER2", citoqueratina
5/6* e/lou HER1*) e HER2-superexpresso (RE", RP-, HER2").

O subtipo luminal A tem baixa taxa de proliferacdo e € acompanhado de
um bom prognéstico. O luminal B tem alta taxa de proliferacdo e um progndéstico
mais pobre que o luminal A. A expressao do RE e RP, por exemplo, esta
associada ao melhor progndéstico da doenca (BARDOU et al., 2003; DUFFY;
O'DONOVAN; CROWN, 2011). O HER2 tem expressdo alterada em
aproximadamente 10-15% dos casos. Nesse contexto, o status do HER2 e dos
receptores hormonais, RE e RP, sao fatores prognésticos e preditivos que foram
incorporados a rotina clinica e permitem que se estabeleca um tratamento
individualizado (HSIAO et al., 2010).

Muitos esforgos foram direcionados a identificacdo de genes e proteinas
como marcadores prognosticos do cancer, no entanto, informacdes sobre o perfil
metabdlico de células tumorais ou tecidos sao limitadas. Embora alteracdes
genéticas tenham sido amplamente caracterizadas em cancer de mama,
alteracdes metabdlicas ainda sdo pouco conhecidas (CLAUDINO et al., 2007;
GRIFFIN; KAUPPINEN, 2007; YANG et al., 2017).

Assim, como uma abordagem alternativa para a descoberta de
biomarcadores, a metabolémica permite a identificacdo de metabdlitos em

fluidos biolégicos e tecidos (LINDON et al., 2004; NICHOLSON; WILSON, 2003).



Alguns estudos tém demonstrado que existem alteragbes metabdlicas
especificas de células tumorais, que podem auxiliar no diagnéstico e prognostico
da doenca (BATHEN et al., 2007; SITTER et al., 2006; YANG et al., 2007). As
alteracbes metabdlicas ocorrem em decorréncia de alteragdes gendmicas e
protedbmicas em diferentes tipos de tumores mamarios. Portanto, o metaboloma
reflete alteracdées no estado fisiopatoldégico dos sistemas biolégicos (FIEHN,
2002). Este campo de estudo € uma grande promessa pois fornece uma visao
abrangente sobre o metabolismo da célula do cancer, levando a possibilidade de
potenciais terapias personalizadas (PIRMAN et al., 2013).

Até agora, abordagens metabolémicas tém sido utilizadas para uma
grande variedade de aplicagdes como deteccado precoce de doencas, resposta
a farmacos e toxicidade, estudos de nutricdo e sistemas bioldgicos, além de
serem utilizadas em linhagens de células de cancer de mama e tecidos, com
foco na identificacdo de alteracdes em vias metabolicas (CLAYTON et al., 2006;
GOWDA et al., 2008; GRIFFIN; KAUPPINEN, 2007; SERKOVA; NIEMANN,
2006; SREEKUMAR et al., 2009; ZHANG et al., 2008). Em comparacao com
outros estudos de potenciais biomarcadores para o cancer, a metabolémica
proporciona uma forte ligagéao entre genétipo e fenoétipo, e pode fornecer algumas
informacdes sobre a oncogénese. Outro ponto positivo € que uma vez
estabelecidos, testes com base nos perfis metabdlicos sado relativamente de
baixo custo, rapidos e podem ser automatizados (SPRATLIN; SERKOVA;

ECKHARDT, 2009).



Desta forma, foram desenvolvidas tecnologias para quantificar diversos
metabdlitos, permitindo a analise completa do metabolismo, como a
cromatografia gasosa acoplada a espectrometria de massas (CG-MS),
cromatografia liquida em espectrometria de massas (LC-MS) e ressonancia
magnética nuclear (RMN). Tais técnicas em conjunto com analises estatisticas
multivariadas fornecem informacdes sobre um grande numero de metabdlitos,
incluindo aqueles que tiveram seus niveis alterados entre individuos saudaveis
e doentes, inclusive pacientes com cancer (LANZA et al., 2010; PAN; RAFTERY,

2007; ZHANG et al., 2012).

. MELATONINA

Atualmente, um dos metabdlitos que pode ser candidato a biomarcador e
fator de diferenciacao dos subtipos do cancer de mama é a melatonina (N-acetil-
5-metoxitriptamina), o principal horménio sintetizado pela glandula pineal. A
melatonina possui um papel regulador sobre eventos fisiolégicos, metabdlicos e
comportamentais, importante na regulacdo de fenébmenos endoécrinos
independentes do eixo hipotalamo-hipéfise-gonadal, termorregulacao, regulacao
do sistema cardiovascular, ciclos de atividade-repouso e vigilia-sono, sistema
imunolégico, crescimento e envelhecimento (MAGANHIN et al., 2008). A
melatonina pode atuar por meio de receptores de membrana acoplados a
proteina G, denominados MT1 e MT2. Esses receptores sdo encontrados em

diversos tecidos, incluindo mama, sistema nervoso central, trato gastrointestinal,



pulmao, pele, glandula adrenal, coracao, vasos sanguineos, células do sistema
imune, entre outros (DUBOCOVICH; MARKOWSKA, 2005).

A melatonina também pode atuar por mecanismos independentes de seus
receptores de membrana, exibindo propriedades anti-inflamatérias (TAHAN et
al., 2011), e antioxidantes, diretamente pela neutralizacao de efeitos deletérios
promovidos por radicais livres (MEDIAVILLA et al., 2010) e pelo aumento da
expressao génica e/ou atividade de enzimas antioxidantes (RODRIGUEZ et al.,
2004). Ainda, por ser lipossoluvel, a melatonina pode atravessar diretamente
qualquer membrana celular e interagir com proteinas intracelulares, como a
calmodulina, e com receptores nucleares (SANCHEZ-BARCELO et al., 2005)

Além disso, a melatonina pode exercer efeito inibitério na atividade da
enzima aromatase no tecido mamario neoplasico (SANCHEZ-BARCELO et al.,
2005), inibir a atividade da enzima telomerase (SOUSA-NETO, J.A;
SCALDAFERRI, 2005), aumentar a imunidade local (LUCHETTI et al., 2010) e a
expressao de genes supressores tumorais (ALLEGRA et al., 2003; DAl et al.,
2008) além de alterar o comportamento de melanécitos em melanoma (KIM et
al., 2015).

Sua produgao segue um padrao ritmico, com pico secretdrio no periodo
noturno, atingindo niveis plasmaticos maximos entre 03:00 e 04:00 horas em
humanos, e quase nenhuma produgao no periodo diurno (ESPINO; PARIENTE;
RODRIGUEZ, 2012a; RAVINDRA; LAKSHMI; AHUJA, 2006). E sintetizada a
partir da conversao do aminoacido triptofano em serotonina, que é acetilada em

N-acetilserotonina, na reacao catalisada pela enzima n-acetil-transferase (AA-



NAT) e entdo convertida em melatonina pela enzima hidroxi-indol-O-
metiltransferase  (HIOMT) (AL-OMARY, 2013; ESPINO; PARIENTE;
RODRIGUEZ, 2012b). A enzima AA-NAT apresenta um ritmo diario, atingindo
concentragdes 100 vezes superiores na fase de escuro, quando comparado a
fase de claro. Esta variacao ciclica da AA-NAT faz com que a redugao dos niveis
de serotonina na fase de escuro seja acompanhada pelo aumento das
concentragbes de N-acetilserotonina e melatonina. A melatonina é secretada
durante a noite em todas as espécies de mamiferos, independente de possuirem
habito diurno ou noturno (BILU; KRONFELD-SCHOR, 2013; KORF; VON GALL,
2006; TUREK; GILLETTE, 2004).

Estudos indicam que alteragdes no ciclo circadiano, e portanto nos niveis
de melatonina, podem contribuir para o desenvolvimento do cancer, e sendo
assim, correlacionam o risco elevado da ocorréncia desta doengca em
trabalhadores noturnos, e, de idéntica razao, baixo risco em mulheres cegas
(STEVENS et al., 2014). Uma possivel explicacao para este fato seria a variacéo
nos niveis plasmaticos da melatonina, que, por estar envolvida em inimeras
funcdes fisiologicas, teria sua inibicdo comprometendo a homeostase (LI et al.,
2013).

Além disso, alguns estudos demonstraram que a melatonina possui
efeitos oncostaticos e oncoprotetores no cancer de mama, os quais podem estar
relacionados as suas propriedades bioquimicas e/ou metabdlicas. Um dos
mecanismos propostos é a capacidade da melatonina em inibir os horménios

precursores da producdo ovariana de estradiol, reduzindo assim, a resposta



mitogénica das células em tumores de mama RE positivos. Posteriormente,
outros estudos utilizando células neoplasicas de mama da linhagem MCF-7-RE
positiva, confirmaram a propriedade antiestrogénica da melatonina (RAVINDRA;
LAKSHMI; AHUJA, 2006; SOUSA-NETO, J.A.; SCALDAFERRI, 2005).

Através do controle de diversas cinases, a melatonina também pode
influenciar a opc¢éao celular pelo efeito Warburg e assim alterar a captacao de
glicose realizado pelas GLUTs (Glucose Transporter) (C — Figura 1) e assim
controlar também a expressao de genes como ERa (Receptor de Estrégeno alfa)
e RORa (Clock gene), que esta relacionado com o ritmo circadiano (D — Figura
1). (E — Figura 1) A melatonina também pode reprimir a inibicdo de AKT da
GSK3b, o que permite que a GSK3b (glycogen synthase kinase 3 beta) e até c-
MYC e promovam sua ubiquitinacdo. Além disso, através da ativacado da
melatonina GSK3b (F — Figura 1) pode ser capaz de reprimir a atividade LINE-
1 e danos do DNA. Devido a sua natureza altamente lipofilica, a melatonina pode
difundir através de membranas celulares, nucleares e mitocondriais e
mecanismos independentes de receptores (G — Figura 1) para inibir a expressao
da aromatase e pode reprimir a instabilidade genémica através da supressao da

atividade da telomerase e sua atividade antioxidante no ROS.
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Figura 1. Imagem modificada de Hill et al.; 2015. Acado da melatonina através do
receptor MT1 acoplado a proteinas G (A); ativacdo das proteinas Gai pode
reprimir varias vias de sinalizagéo, incluindo as rotas TRK e GPCR, que ativam
cascatas de sinalizagdo como MAPK/ERK1/2 (Mitogen Activated Protein
Kinases/Extracellular Signal-Regulated Kinases) (Bi), PI3K/AKT
(Phosphatidylinositol-4,5-bisphosphate 3-kinase/Protein Kinase B), PKC (Protein
Kinase C) (Bii) e cAMP/PKA (AMP ciclico/Protein kinase A), bem como vias de
cinases nao receptoras, incluindo ¢c-SRC (Proto-oncogene tyrosine-protein
kinase) (Biii) e FAK (Focal adhesion kinase).

. METABOLITOS DA MELATONINA

A principal via de transformacdo da melatonina ocorre no figado,
envolvendo sua hidroxilagdo em 6-hidroximelatonina [6(OH)M]. Em seguida,
ocorrem os processos de sulfatacdo ou glicuronidacdo, e posteriormente
excrecao na urina (FACCIOLA etal., 2001; REITER, 1991; SEMAK et al., 2008).
No mesmo percurso, a melatonina é metabolizada em 5-metoxitriptamina (5-MT)

pela melatonina deacetilase, em sequéncia ¢é transformada em 5-
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metoxindolacetaldeido, 5-metoxi-indol acido acético, ou 5-metoxitriptofol
(GRACE; CAHILL; BESHARSE, 1991; KIM et al., 2013; ROGAWSKI; ROTH;
AGHAJANIAN, 1979). Também por atividade enzimatica ela pode ser
desmetilada em seu precursor NAS (FACCIOLA et al., 2001; SEMAK et al.,
2008).

Além das vias enzimaticas, a melatonina interage com espécies reativas
de oxigénio e gera 3-hidroximelatonina ciclica, N(1)-acetil-N(2)-formil-5-
metoxiquinuramina (AFMK) e N(1)-acetil-5-metoxi-quinuramina (AMK) (LI et al.,
2013; TAN et al., 2000; ZANG et al., 1998).

O AFMK (N'-acetil-N?-formil-5-metoxiquinuramina), também é resultante
da via quinurica, metabolismo da melatonina pelo sistema nervoso central e
posteriormente, pela acdo da enzima formamidase, o AFMK é convertido em
AMK (N'-acetil-N?-5-metoxiquinuramina) (CAGNOLI et al., 1995).

A melatonina e seus metabolitos possuem capacidade antioxidante,
removendo diretamente espécies reativas de oxigénio e nitrogénio, e
aumentando a expressdao de enzimas também com fung¢do antioxidante.
Determinagdes da reatividade quimica entre a melatonina e espécies reativas de
oxigénio, combinado com técnicas de ressonancia magnética nuclear (RMN),
mostraram que a melatonina pode reduzir o radical superéxido (O2’), perdxido de
hidrogénio (H202), oxigénio singleto ('02) e radical hidroxila (OH") (ALMEIDA et
al., 2004; HEVIA et al., 2015; MATUSZAK; RESZKA; CHIGNELL, 1997).

O estudo de Ferri e colaboradores (2005) indica que a conversao por via

quinurica pode atingir um ter¢o do catabolismo da melatonina (DUBOCQOVICH et

11



al., 2010b; FERRY et al., 2005; HILL et al., 2015) Na via da quinureninas, estudos
mostraram que a melatonina atua como um antioxidante ao interagir com radicais
livres. O AFMK também é um potente antioxidante, tdo eficaz quanto a
melatonina, e sua sintese pode ocorrer por agdo enzimatica da indolamina-2,3-
dioxigenase (IDO1). Pode também ser produzido por mielo ou hemoperoxidases,
espécies reativas de oxigénio (ROS) ou radiacao ultravioleta (CIORBA, 2013;
JAWOREK et al., 2016). Apdés a cascata antioxidativa, o AFMK pode ser
adicionalmente convertido em AMK (N-acetil-5-metoxicinuramina) por N-
deformilacao (SILVA et al., 2004).

Sendo assim, a avaliacao dos niveis de melatonina, AFMK e AMK pode
ser importante para melhor entender a influéncia de alteragcdes do ciclo
circadiano no risco de desenvolvimento de cancer de mama e ainda a influéncia
da expressao proteica do receptor de melatonina MT1 e do transportador de

glicose GLUT1 nas células tumorais.
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OBJETIVOS GERAIS

. Mensurar os niveis plasmaticos da melatonina, AFMK e AMK em mulheres

com cancer de mama e sua relagdo com mulheres controle (sem historico de

neoplasia) por espectrometria de massas;

. Analisar a expressao proteica do receptor de melatonina (MT1) e do

transportador de glicose GLUT-1 em tumores de mama por imuno-

histoquimica;

Objetivos especificos

1.

Comparar os niveis plasmaticos de melatonina, AFMK e AMK com fatores
clinico-patolégicos (idade, tamanho do tumor, acometimento de linfonodos e

metastase);

. Mensurar os niveis plasmaticos de melatonina, AFMK e AMK em enfermeiras

do Hospital de Base de Sao José do Rio Preto que trabalham a noite e
comparar com o grupo de mulheres sem histérico de cancer e com habito

diurno;

. Mensurar os niveis plasmaticos de melatonina, AFMK e AMK em mulheres

diagnosticadas com cancer de mama durante o tratamento quimioterapico no
Hospital de Base de Sao José do Rio Preto e comparar com o grupo de

mulheres controles;

. Correlacionar os niveis plasmaticos de melatonina, AFMK e AMK com

qualidade do sono das mulheres no geral, na noite anterior a coleta de sangue

e com a presenca de fonte de luz no ambiente durante a noite;

. Analisar a expressao proteica do receptor de melatonina MT1 e do

transportador de glicose 1 (GLUT1) em tumores de mama por imuno-
histoquimica e comparar com os subtipos tumorais e caracteristicas clinico-
patolégicas (idade, tamanho do tumor, acometimento de linfonodos e

metastase);
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Abstract

Changes in the circadian rhythm may contribute to development of cancer and is correlated with the high
risk of breast cancer in night workers. Melatonin is a hormone synthesized by the pineal gland at night in
absence of light. In this context, levels of melatonin and the metabolite of oxidative metabolism, N'-acetyl-
N?-formyl-5-methoxykynuramine (AFMK), are suggested as potential biomarkers. The aims of this study
were to evaluate levels of melatonin and AFMK in women recently diagnosed with breast cancer, women
under adjuvant chemotherapy, night-shift nurses and compare with healthy women to evaluate the relation
of these compounds with breast cancer risk. Blood samples were collected from 47 women with breast
cancer, 9 healthy women, 10 healthy night shift nurses and 6 patients under adjuvant chemotherapy.
Compounds levels were measured by mass spectrometry. Women with breast cancer have lower levels of
melatonin compared to control women, and even lower in night-shift nurses and in patients under adjuvant
chemotherapy. There was no significant difference of AFMK levels between the groups. Besides that, high
levels of melatonin and AFMK were related to patients with metastasis, and high levels of AFMK were
related with presence of lymph node-positive, tumor >20mm and patients who sleep with light at night.
Concluding, our results show reduction of melatonin levels in breast cancer patients, suggesting a relation
with the disease. In addition, our results point to the importance of melatonin supplementation in women

that work at night to reduce the risk of breast cancer.

Introduction

Breast cancer is the most frequent type of cancer in women worldwide. High risk of breast cancer
development has been related with breakdown of circadian cycle by shift work and the presence of artificial
light at night, a common factor in modern life. [1]  Circadian rhythmic disruption can block the night
production of melatonin (N-acetyl-5-methoxytryptamine), an endogenous hormone synthesized from
serotonin by the pineal gland during the night. [2,3] Serotonin is acetylated to N-acetylserotonin by the
enzyme arylakylamine N-acetyltransferase (AANAT) and then it is converted into melatonin by the enzyme
hydroxyindole-O-methyl-transferase (HIOMT). Melatonin production follows a rhythmic pattern with
secretory peak between 3 am to 4 am, in the absence of light and once secreted, it is distributed to various
body tissues and organs and is not stored. [4,5] The light stimulus in the retina inhibits the action of AANAT,
inhibiting the conversion of serotonin into N-acetylserotonin and consequently blocking melatonin

production. [6,7]
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Three main pathways are described to melatonin degradation: i) indolic pathway, which results in
6-hydroxy-melatonin in liver; ii) alternative indolic pathways, which produce S-methoxyindole acetic acid,
or 5-methoxy-tryptophol; and iii) kynuric pathway that produce N'-acetyl-N?-formyl-5-
methoxykynuramine (AFMK) that involves melatonin oxidative pyrrole-ring cleavage. A study of Ferri and
colleagues (2005) indicates that the conversion by kynuric pathway can reach one third of melatonin
catabolism. [2,8,9]

In the kynuric pathway, studies have been shown that melatonin act as an antioxidant by interacting
with free radicals. AFMK is also a potent antioxidant, as effective as melatonin, and its synthesis can occur
by enzymatic action of indoleamine-2,3-dioxygenase (IDO1). It can be also produced by myelo- or
hemoperoxidases, reactive oxidative species (ROS) or ultraviolet radiation. [10,11] Following the
antioxidative cascade, AFMK can be further converted to AMK (N-acetyl-5-methoxykynuramine) by N-
deformylation. [12]

Several actions related with physiological, metabolic and behavioral events are described to
melatonin, such as regulation of endocrine phenomena independent of the hypothalamic-pituitary-gonadal
axis, thermoregulation, regulation of cardiovascular system, activity-rest and wake-sleep cycles, immune
system, growth and aging. [2,10,13,14] Melatonin also has important functions in cancer, showing
oncostatic and oncoprotective effects on breast tumors, which include cell cycle regulation, inhibition of
proliferation and promotion of apoptosis, role in DNA repair and tumor suppression by angiogenesis and
metastasis inhibition. [2,15-17]

Melatonin low levels can be related with risk of cancer development, principally in night workers.
[2,18] In 2001, Schernhammer and colleagues showed that night shift workers have increased risk of breast
cancer development. [19] Following that, World Health Organization has designated night-shift work as a
risk factor for the development of breast cancer. [20]

According to the literature, it would be important to evaluate the level of melatonin and AFMK
in women, especially women who work at night. Thus, in this study, we evaluated the serum levels of
melatonin and its metabolites and AFMK, in breast cancer patients and under adjuvant chemotherapy
compared with health women, as well as in night shift work nurses. In addition, its levels were compared

with clinical pathological characteristics of breast cancer patients to verify its potential correlation with

prognosis.
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Material and Methods
1. Blood samples

The project approved by ethics committee of Sdo Jos¢ do Rio Preto Medical School (number
682.062). Approximately 10 mL of blood were collected from a total of 47 breast cancer patients (mean age
57), without treatment or surgery, diagnosed at the Gynecology and Obstetrics Service of the Cancer
Institute of Base Hospital of Sao José do Rio Preto, Sdo Paulo, Brazil; besides that, 10 blood samples from
nurses that work just at night and 6 samples from woman diagnosed with breast cancer during adjuvant
chemotherapy. The control group consisted of blood samples from 9 women with no history of cancer and
paired with breast cancer patients by age. All women signed informed consent term and were asked about
quality of sleep and amount of light in the room at night. The samples were collected between 7am and
9am, because of the stop synthesis of the compounds at the beginning of the photoperiod of the day,
consequently, its level decreases during the day. Plasma was separated and immediately stored at -80 °C
for further extraction.

The tumor type and subtype, including TNM information (tumor size, lymph node involvement and

metastases) were collected in the Pathology Service of the Base Hospital of Sao José do Rio Preto.

2. Melatonin and AFMK extraction

Plasma samples were thawed and transferred to a 15mL falcon tube in ice and protected from light.
Dichloromethane 1:1 was added and the samples were vigorously vortexed. Subsequently, samples were
centrifuged at 6500 rpm for 10 min at 4 °C and thereafter the organic phase (bottom) was separated into a
2mL tube. The dichloromethane was dried in nitrogen gas and samples were stored in at -80 °C for further

analysis.

3. Dosage of melatonin and AFMK by mass spectrometry

A mass spectrometry system coupled to an HPLC (High Performance Liquid Chromatography) were
used (model Xevo® TQ-S —Waters, Milford, Massachusetts, EUA) with a Phenomenex® C18 (100 mm x
4.6 mm, 2.7 pm) column.

HPLC conditions were set in gradient with A (H>O + formic acid 0.1%) and B (acetonitrile + formic

acid 0.1%) and 50% of B for 5 minutes, 90% of B for 2 minutes and 50% of B until 15 minutes. The dried
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samples were re-suspended in 150 pl of acetonitrile. The injection volume was 10 pL for the standards and
for the samples.

Mass spectrometer conditions were set in capillary voltage 320kV, font temperature 150 °C,
desolvation gas temperature (N2) 350 °C, desolvation gas flow 600 L/h, collision gas 0.15 mL/min. The
settings for reading the molecules were established by MRM (Multiple Reaction Monitoring) for melatonin
(233.1>174.1 — cone voltage 35V, collision energy 13eV — dwell time= 0.412s) and for AFMK
(287.1>228.1 — cone voltage 40V, collision energy 15¢V — dwell time= 0.412s).

For quantification, a standard curve was performed with 11 points of melatonin and AFMK
standards concentrations between 1 pg/ml and 200 pg/ml and the curve equation was used to determine the
concentration of these molecules in samples by the peak area of each compound. Both curve presented R?

>0,99.

4. Chemicals
Melatonin, acetonitrile and dichloromethane were purchased from Sigma Aldrich (St. Louis,

Missouri, EUA) and AFMK from Cayman Chemical Company (Ann Arbor, Michigan, EUA).

5. Statistical analysis

The results were subjected to statistical analysis using GraphPad Prism 6.0 software (GraphPad,
LaJolla, CA, USA). Levels of melatonin and AFMK between groups (control, breast cancer patients, nurses
shift work and woman under adjuvant chemotherapy) and between different clinicopathological data were
compared by Mann—Whitney or paired- Student t test. Multiple comparison analysis was performed using
One-way Anova followed by Bonferroni. Spearman correlation was performed to evaluate the correlation
of metabolites levels and age of the patients, tumor status of ER, TNM, quality of sleep and room light at
night. The results were considered statistically significant when P was < 0.05. Data are pretended with

mean + standard error of the mean (S.E.M.).

Results

Plasmatic level of Melatonin and AFMK in woman with breast cancer

Levels of melatonin and its metabolites were evaluated in breast cancer patients, night shift nurses

and women in adjuvant chemotherapy and compared with healthy women, considered the control group. In
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group analysis melatonin level was higher and statistically different in control group compared with woman
from the other groups (p< 0.05), while AFMK levels did not present significant differences between
experimental groups (p > 0.05) (Fig. 1 A and Fig. B, respectively). In paired test, women with cancer were
paired with control group according with age and sleep quality. Paired ¢ test showed that there was
statistically significant difference (higher in control group than cancer group) between melatonin levels (p<

0.001; Fig. 2).

Melatonin level was also significantly lower in woman with cancer and metastasis when compared
with woman with cancer but without metastasis (p < 0.05) and there is no difference between melatonin
levels and T1 vs T>2 primary tumor size, presence of lymph node involvement or not, and although a
tendency to have a higher concentration in the group of women with cancer who sleep without light at night

was not statistically significant in relation to women who sleep with some light source (p> 0.05). (Fig. 3).

When compared AFMK levels between groups with no metastasis and presence of metastasis (M0
and M1, respectively), tumor size (T<l and T>2), and lymph node involvement (NO for no involvement
and N1 for involvement), AFMK were significantly higher (p< 0.05) in M1, T>2 and N1 and in patients
with sleep with no light in room at night (Fig. 4, A, B, C and D, respectively).

Regarding the clinical pathological characteristics of breast cancer patients, results showed that
melatonin levels were significantly higher in patients with distant metastasis (p = 0.02; Table 1), and there
was no correlation with the other characteristics (p > 0.05; Table 1). High levels of AFMK were related to
tumor size higher than 2 mm (T>2), regional lymph node-positive and metastasis (p < 0.05, Table 1).
Moreover, it was also observed a significant correlation between low level of AFMK and the presence of a

considerable light source in the room at night (p < 0.05).

Spearman correlation test

Table 2 shows the statistically significant correlations observed between melatonin and AFMK
levels and the clinical pathological characteristics, sleep quality and presence of light in room at night using
the Spearman correlation test. A negative correlation was found between age and sleep quality at night
before blood collection. In addition, positive correlations were found between levels of melatonin and
AFMK with the presence of metastasis and there was a positive correlation between light in the room at

night with sleep quality the night before blood collection (table 2).
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Discussion

The master biological clock located in the suprachiasmatic nucleus receives information about the
photoperiod and controls the circadian cycle and melatonin synthesis. [2,21,22] Thus, the increase of
melatonin levels at night informs the body that it is nighttime and restore the metabolic and homeostatic
state at normal rates. [23]

Melatonin is an important tumor suppressor and its production in the nocturnal period is directly
related to the expression of clock genes (e.g. Perl, Per2, Bmal, Clock, Cryl) and its deregulation by
circadian cycle breakdown, therefore, low melatonin production causes increased replication errors and
mutations in DNA. Thus, circadian cycle deregulation inhibits tumor suppression functions of melatonin in
diverse tissues, including breast. [1,24-26] According to these studies, lower levels of melatonin are related
to the increased risk of developing cancer, including breast cancer, and these data corroborate with our
findings showing lower level of melatonin in women with breast cancer compared to women without a
history of cancer (control group) independent of sleep quality and presence of light in the room at night.

Several studies indicate that bright light, up to 2500 lux, and devices with light source at night also
alters melatonin levels. [27-36] In fact, recently the increased risk of breast cancer has been associated with
night workers, which is related with the interruption of melatonin production. [7] Therefore, women who
work during the night may have increased risk of developing breast cancer due to constant lowered
melatonin levels. Our results corroborate with these data, which showed low levels of melatonin in night
shift nurses in comparison with women without history of cancer and no nocturnal activities. In addition,
elevated levels of AFMK were related to women who slept without a light source in their bedroom at night.
The absence of light may contribute to the increase in melatonin level and consequently higher metabolism
in AFMK, which may explain this high level of this metabolite.

Regarding the clinical pathological factors, a study of Bartsch and colleagues (1889) showed that
the level of nocturnal melatonin was inversely proportional to the size of breast tumors in women [37],
however there was no correlation between tumor size and melatonin levels in our study. Nevertheless,
patients with tumors >2mm (T>2) had higher AFMK levels than patients with T 1. Perhaps due to the higher
oxidation rate of melatonin due to the stress caused by the increased number of tumor cells.

Oncostatic and antiproliferative actions of melatonin in breast tumors are established in the

literature in both in vitro and in vivo studies. [2,38,39] The mainly therapeutic effect described to melatonin
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is related to its action through the activation of the MT1 melatonin receptor in ER-positive breast cancer
cells for example. [7]

Melatonin is also related to downregulation of metastasis-related genes and key genes in
angiogenesis. [2] In our study, melatonin levels were not correlated with ER status, however higher levels
of melatonin and AFMK were correlated with presence of distant metastasis and AFMK level with lymph
node involvement (N>0). T lymphocytes produce all the enzymes necessary to synthesize considerable
levels of melatonin, thus, it is suggested that the invasion of lymph node and other tissues by tumor cells
can increase the local immune response and, as a consequence, increases the melatonin levels. [40-46] In
addition, tumor cells in the lymph nodes increase the expression of IDO1 enzyme, that suppress the action
of T lymphocytes, through the activation of regulatory T cells, as escape from the host immune system.
[47-51] This enzyme is involved in one of the main pathways that catabolize the conversion of
indoleamines (tryptophan, serotonin and melatonin) into kynurenines (formylkynurenine, formyl-5-
hydroxykynurenamine and AFMK, respectively). This data can explain the high levels of AFMK observed
in patients with lymph node-positive and metastasis could be a consequence of the melatonin production
by the local immune cells. It is know that several actions of melatonin occur through its membrane receptors
coupled to G proteins (MT1 and MT2), but because it is lipophilic, melatonin can also cross the cell
membrane acting directly in modulation of intracellular proteins and performing antioxidant activity. [9]
The antioxidant action of melatonin is related to tissue protection by eliminating ROS and nitrogen species,
and in the activation of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), and glutathione reductase (GR). When this antioxidant action occurs the
conversion of melatonin into AFMK also occurs, independent of enzymatic action. [10] In this context, we
found that patients under adjuvant chemotherapy showed lower levels of melatonin compared to control
women, which can be related with its antioxidant potential against the oxidative stress and cell death caused
by chemotherapy.

AFMK is a potent antioxidant and it can be deformylated by arylamine formamidase or
hemoperoxidase to AMK. [9] In addition to the antioxidant action, AFMK also has anti-inflammatory
functions in acute pancreatitis and it can also controls melanocytes in vitro [10]. Treatment with high doses
of AFMK in pancreatic cancer cell line (PANC-1) increased heat shock proteins (HSP), which are related
to control of proliferation and protection against cell damage. [52] There are few studies in the literature

relating the AFMK with cancer.
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In conclusion, our results show that melatonin serum levels are lower in breast cancer patients and
in nurses that work at night, indicating a possible factor that may be related to the risk of cancer. In addition,
higher levels of melatonin and AFMK are related with clinical pathological characteristics of the breast
cancer patients, such as metastasis and lymph node-positive, suggesting a relationship with inflammatory
response. Taken together, our results suggest that the maintenance of the circadian cycle and the absence of
light sources at night, therefore normal levels of melatonin and AFMK, are important factors that may
inform the risk of breast cancer development. The analysis of serum levels of melatonin can be an important
tool for the normalization of concentration through supplementation, available today, both in women with

low levels as in women working at night.
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Table 1: Mean levels of melatonin and AFMK and its correlation with clinical,
pathological and sleep characteristics of patients with breast cancer.

Number Mean (pg/ml of plasm)
of patients melatonin AFMK

Patient age

<50 14 31%) 1833 22.1

>50 31 (69%) 1753 19.8

p value 0.22 0.99
ER (Estrogen receptor)

Positive 32 (71%) 179.1 217

Negative 13 (29%) 174.5 17.62

pvalue 0.62 0.48
Tumor size

T1 9 (20%) 162.1 10.43

=2 36 (80%) 181.7 23.04

p value 0.60 0.02#%
Regional lymph nodes

NO 22 (49%) 163.1 13.8

N>1 23 (51%) 191.8 27.0

pvalue 0.53 0.03*
Metastasis

MO 36 (80%) 158.7 18.6

M1 9 (20%) 254.1 28.3

p value 0.02% 0.01%*
2General sleep quality

Good 32 (71%) 190.8 19.1

Poor 13 (29%) 145.6 24.0

p value 0.30 0.85
ALight at night

Dark 23 (51%) 198.2 26.8

With light 22 (49%) 156.5 139

pvalue 0.27 0.03*
“Night sleepness before blood collection

Good 23 (51%) 186.0 22.7

Poor 22 (49%) 169.2 182

p value 0.88 0.57

* Significant value to # test
** Not detected, level lower than 1 pg/ml of plasm
# According to a questionnaire applied to the patient



Table 2: Spearman correlation test between variables: melatonin, AFMK and AMK
levels; age; TNM; general sleep quality; light in the room at night and sleep quality last
night.

1 value p value
Age vs sleep quality last night -0.303 0.04
Melatonin level vs Metastasis 0.306 0.04
AFMK level vs Metastasis 0.487 0.01
Melatonin level vs AFMK level 0.487 <0.01
Sleep quality last night* vs light at night 0.377 0.01

*Sleep quality last night = sleep quality on night before blood collection
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ABSTRACT

Breast cancer is a heterogeneous disease, and is the leading causes of cancer-related deaths among
women. Even after diagnosis, the prognosis can not be concluded since patients can develop resistance to
therapy, which favors tumor growth, invasion and metastasis. In the recent years, research has been
focused to identify significant markers that can be used to determine the prognosis. Melatonin can act
through G protein—coupled MT1 receptor, which control selected protein kinases, influence the levels of
transcription factor phosphorylation, expression of specific genes, proliferation, angiogenesis, cell
differentiation, migration, and indirectly control glucose transporter in cancer cells. It is know that
glucose enters into the cells by glucose transporters, as GLUTI that show wide tissue distribution and
appears to be altered in human breast carcinoma. High GLUT1 expression is associated with increased
malignant potential, invasiveness and poor prognosis in some cancers including breast cancer. The aim of
this study was to evaluate the expression of MT1 receptor and GLUT1 in breast tumors and correlate with
molecular subtypes and prognostic characteristics. We found that MT1 high expression was associated
with good prognosis subtype (Luminal A), while GLUTI1 high expression was related with poor
prognosis subtype (triple-negative). Besides that, we found high expression of MT1 in ER+ and the
inverse in GLUT1 expression. GLUT1 also is high expressed in tumor >20mm. These results indicate
MT1 and GLUT1 as potential target for breast cancer subtypes and prognosis.

Keywords: breast cancer; diagnosis; prognosis; melatonin; MT1; GLUT1

INTRODUCTION

Despite the advances in research and treatment, breast cancer is still one of the leading causes of
cancer-related deaths among women, and a major health problem in the world. Current diagnostic
methods are primarily invasive procedures, such as tissue biopsies. However, even after diagnosis, the
prognosis cannot be concluded, since patients can become resistant to specific treatments, which favors
tumor growth, invasion and metastasis (Park et al. 2010). In addition, breast cancer is a heterogeneous
disease, which requires a variety of treatments that may lead to different responses (Wei et al. 2013).
Thus, the complexity of the disease makes it difficult to generalize the choice of treatment and expect

similar results in a large number of patients.
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Currently, both diagnosis and prognosis of breast cancer are based on the expression of markers
that define the following molecular subtypes; Luminal A (estrogen receptor (ER) positive and/or
progesterone receptor (PR) positive, human epidermal growth factor receptor 2 (HER2) negative and Ki-
67 < 14 %), Luminal B (ER-positive and / or PR-positive, HER2-positive, Ki-67 > 14 %), HER2-positive
(ER and PR negative and HER?2 positive), triple-negative (negative for ER, PR, HER2 and for cytokeratin
5/6 (CK5/6) and differentiated triple-negative basal-like (negative for ER, PR, HER2 and CK5/6
positive), which shows the worst prognosis. These intrinsic molecular signatures are robust and applied to
both carcinoma in situ and invasive breast cancers (Maganhin et al. 2008; Perez 2011). Thus, in recent
years, research has been focused on identifying new tumor markers to support the establishment of
characteristics that can help diagnostic and prognosis (Jablonska et al. 2013; Sonnenblick et al. 2014).

Melatonin (N-acetil-5-metoxitriptamina) is the main hormone synthesized by the pineal gland at
night and it shows a cyclic production, with peak of production between 3 am and 4 am in humans. The
presence of light in retina blocks the Aralkylamine N-Acetyltransferase (AANAT), enzyme responsible
for melatonin production. Thus, low levels of melatonin have been associated with high risk of breast
cancer in night shift workers, who are exposed to light at night (Stevens et al. 2014), suggesting
melatonin levels as a potential biomarker. In addition, some studies have shown that melatonin has
different oncostatic and oncoprotective effects on breast cancer (Hill et al. 2015), mainly related to
antiestrogenic properties in ER-positive breast tumors (Nooshinfar et al. 2017). Furthermore, several
other antitumor properties are ascribed to melatonin, including regulation of the expression of core clock
and clock-related genes, cell-signaling pathways critical to cell proliferation, cell survival, metastasis and
drug resistance (Hill et al. 2015). Recently, it was demonstrated that melatonin can also suppresses tumor
aerobic metabolism (Warburg effect) (Liu et al. 2016).

The first action of melatonin is through specific membrane receptors coupled to protein G, MT1
and MT2, inhibiting the activity of adenyl cyclase, and thereby decreasing the production of adenosine
3',5'-cyclic monophosphate (cAMP). This cascade can control selected protein kinases (PKC, PKA,
MAPK) and influence the levels of transcription factor phosphorylation, that is, cAMP response element-
binding, as well as expression of specific genes and protein involved in proliferation, angiogenesis, cell
differentiation and migration processes. MT1 also influences levels of protein kinase B (AKT) which
control innumerous proteins in glycolysis pathway, such as glucose transporter GLUT1, hexokinase and

phosphofructokinase (PFK) (Vander Heiden et al. 2009; Cairns et al. 2011; Slominski et al. 2012;
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Belancio et al. 2015). MT1 receptor shows wide tissue distribution, expressed in several tissues including
breast, however, it is a lipophilic molecule, which confers the ability to cross the cell, nuclear, and
mitochondrial membranes independently of receptors and bind to proteins, triggering a variety of non-
receptor mediated effects in breast cancer.

Glucose enters in the cells by a family of seven different GLUTs. GLUT1 is a high-affinity
glucose transporter and it is widely distributed in tissues, while its expression appears to be altered in
human breast carcinoma (Kang et al. 2002). GLUT1 expression is associated with increased malignant
potential, invasiveness and poor prognosis in lung, colorectal, gastric and ovarian cancers and it is
associated with higher grade and proliferative activity in breast cancer. Its expression is regulated by
several different mechanisms, for example, transcription factors such as Spl, Sp3, and p53, and is
stimulated by hypoxia via hypoxia induction factor 1-alpha (HIF-1-alpha) (Noguchi et al. 2016). During
their increased metabolic activity and proliferation rate, tumor cells increase the expression of GLUTs
and only use them as a source of glucose uptake. Considering the role of GLUT1 in tumor metabolism
and progression, it is a potential prognostic marker and target to therapy (Chen et al. 2015).

Therefore, the aim of this study is to evaluate the expression of melatonin receptor MT1, and
glucose receptor GLUT1 in breast cancer patients with different phenotypic tumor subtypes in order to

evaluate their relation with prognosis and its potential value target therapy and new researches.

MATERIAL AND METHODS
The project approved by ethics committee of Sao José do Rio Preto Medical School (number
682.062).
Patients and tumor samples
The study was performed on 42 tumors samples obtained from patients 24-88 years old (mean
age: 56.6 years) diagnosed with breast cancer between 2014 and 2017. Samples was obtained from
surgery or by biopsy only after confirmation of presence of cancer cells and all patients had not
chemotherapy or radiotherapy treatment. After the signing of a consent form, the material was requested
from the Pathology Service of the Hospital de Base of Sao José do Rio Preto, Sao Paulo, Brazil. The
tumors were embedded in paraffin, and MT1 and GLUT] protein expression have been achieved. In
pathology service, the tumors were classified in invasive ductal carcinoma (85.72%), in situ ductal

carcinoma (7.14%), in situ lobular carcinoma (2.38%), invasive lobular carcinoma and (2,38%) and
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invasive papillary carcinoma (2,38%). In addition, 12 tumors were classified as grade I, 25 grade II and 5
grade III. For phenotypic classification were obtained 27 Luminal A, 7 Luminal B, 3 Her2-overexpressed

and 5 Triple-negative.

Immunohistochemistry

Histological sections of 4um were obtained from the paraffin embedded material and adhered to
silanized slides. Subsequently, deparaffinization of the slides was performed, initially in an oven at 60 °C,
followed by xylol and, finally, hydration with decreasing ethanol.

Antigen retrieval was done in a cooker pan (ARNO, Séo Paulo, SP, Brazil) at 95 °C with citrate
buffer (pH 6,0) for 30 min. After cooling, the slides were incubated with 3 % hydrogen peroxide for 30
min to block endogenous peroxidase activity. After this, the slides were covered with bovine serum
albumin (BSA) solution for 30 min and incubated at 4 °C overnight with the antibody anti-MT1 (Sigma,
USA, Clone 4543) and anti-GLUT1 (ABCAM, Clone AB652) at a concentration of 1:100 and 1:1200,
respectively. Subsequently they were washed with phosphate-buffered saline (PBS) for 15 min and
incubated with the REVEAL-Biotin-Free Polyvalent DAB-HRP Kit (Spring Bioscience, USA) which
consisted of the secondary antibody biotinylated anti-mouse, rabbit, and goat immunoglobulins for 20
min and streptavidin—peroxidase complex for 10 min, followed by washing with PBS for 15 min. We
applied 0.5 % 3,3-diaminobenzidine tetrahydrochloride (DAB, Signet® Covance Laboratories, Dedham,
MA, USA) to the slides for 2—5 min at 20-22 °C. The slides were counterstained with hematoxylin for
40s. The reactions were accompanied by a positive control for the primary antibody tested (human breast

tissue) and a negative control (no primary antibody).

Evaluation of immunohistochemical staining by optical density
Multiple fields were examined on each slide, especially demarcated areas with distinct brown
staining. The slides were photographed and the proteins quantified using Image] Software (NIH,
Bethesda, MD, USA) and through a 40x objective lens of a Nikon Eclipse E200 microscope. For each
sample, three regions of tumor tissue were selected, and 20 areas of the tumor cells cytoplasm were
marked in each region, thereby analyzing 60 different areas of every sample to average the relative
intensity of immunoreactivity. The values were obtained as arbitrary units (a.u.) and the mean optical

density (M.0O.D.) showed the staining intensity specifically in the immunoreactive areas.
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Statistical analysis
The results were subjected to statistical analysis using Prism 6.0 software (GraphPad, La Jolla, CA,
USA). Clinicopathological data of cases were compared with the expression level of MT1 and GLUT1
utilizing Kruskal-Wallis and Mann—Whitney tests. Multiple comparisons analysis was performed using
One-way Anova with Bonferroni. The results were considered statistically significant with P < 0.05 in all

the analyses.

RESULTS

MT1 receptor expression

MT1 receptor expression was detected in tumor tissue, staining the cytoplasm and cell
membrane (Figure 1). Multiple comparison test showed that there was a significant difference between
the tumor subtypes. MT1 expression was decreasing as the tumor aggressiveness incrcases. Luminal A
tumors showed higher MT1 expression than Luminal B (p< 0.001) and Triple-negative (p< 0.001). Its
expression was higher in Luminal B than triple-negative (p< 0.001), while Her-2 overexpressed tumors
showed higher MT1 expression than triple-negative (p< 0.001) (Figure 2).

Figl. Photomicrograph of immunohistochemistry for melatonin receptor (MT1) with anti-MT1 antibody
and Glucose Transporter | (GLUTI1) with anti-GLUT| antibody revealing cytoplasmic expression in

tumors Luminal A, Luminal B, Her-2 overexpression and Triple-negative and no expression in negative
control.

Fig2. Different MT1 (A) and GLUTI (B) expression between breast cancer subtypes. Statistically
different between Luminal A and Luminal B. For Triple-negative subtype MT1 expression is lower than
all other subtypes and in GLUTI expression in Triple-negative is statistically higher than Luminal
subtypes. *p<0.05.

GLUT1 protein expression
GLUT!1 protein expression was also detected in the membrane and cytoplasm of tumor cells
(Figure 3). Multiple comparison test was performed to evaluate the difference between the subtype groups
and there was a significant difference when comparing Luminal A with Triple-negative (p< 0.001) and
Luminal B with Triple-negative (p< 0.01). Contrary to that observed in the MT1 expression, GLUT-1

expression increased as malignancy increases (Figure 4).
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Differences in MT1 and GLUT1 protein expressions in breast cancer subtypes

Comparing the expression of MT1 and GLUT-1 receptors, the difference was statistically
significant in Luminal A (p<0.0001) and triple-negative (p=0.01). Luminal A tumors showed high
expression of MT1 and low expression of GLUT1. However, triple-negative tumors, which are known for
the worst prognosis, showed an inverse relation to Luminal A, with low expression of MT1 and high
expression of GLUT1. Regarding the other phenotypes (Luminal B and Her-2 overexpressed) there was
no statistical difference in MT1 and GLUTI1 expression (p=0.1 and 0.4 respectively). The relation
between MT1 and GLUT1 expression was presented in Figure 5.
Fig3. Relation between MT1 and GLUT1 expression in each breast cancer subtype - Luminal A (A);

Luminal B (B); Her2-overexpressed (C) and Triple-negative (D). The expression of MT1 and GLUTI is
statistically different in Luminal A and Triple-negative subtypes. *p<0.05.

Clinicopathological characteristics

The immunostaining of the markers was compared with the clinic-pathological characteristics of
breast cancer patients. Results showed that there was a significant decrease in MT1 expression in tumors
according to the grade. Tumors with grade III showed lower expression of MT1 than tumors with grade 1
and 1I (p= 0.04) (Figure 6), while there was no statistically significant difference in GLUT1 and tumors
grade (p= 0.17).

MT1 expression was also higher in ER-positive tumors than RE-negative, while GLUTI]
expression was lower in ER-positive than ER-negative (p= 0.002 and p= 0.003, respectively. Figure 7).

GLUT! expression also showed higher expression in tumors >20mm (T>2) than tumors <20mm

(T=1) (Figure 8). Have no relation between MT1 expression and tumor size (p> 0.05).

Table 1. Expression of MT1 and GLUT 1 receptors in age and clinicopathological characteristics.

Figd. Lower expression of MT1 in tumor with grade III in relation with grades [ and II. *p<0.05.

Fig5. MT1 (A) and GLUT1 (B) expression in ER+ and ER- breast tumors. Lower expression of MT1 in
tumors ER- and the inverse, high expression of GLUT1 in ER-. *p<0.05.
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Fig6. High GLLUT1 expression in hreast tumor T>2.

DISCUSSION

While many patients are treated successfully, one third of breast cancer patients develop cancer
metastasis or recurrence in their lifetime. In this context, biomarkers can be used to detect tumors,
distinguish different tumor profiles, predict the evolution of breast cancer, (Haupt et al. 2010) and, above
all, determine tumor-specific characteristics, directing patients to specific treatments (Anderson et al.
2014). Breast cancer is not a single disease but rather a heterogeneous group of diseases with distinct
pathological, morphological and molecular features with clinical outcomes depending on tumor
characteristics. The further molecular characterization of each breast cancer subtype would allow the
development of subtype specific treatments, resulting in increased breast cancer survival rates (Miah et al.
2017).

Many of the anti-cancer effects of melatonin are mediated primarily through binding to the two
membrane-associated GPCRs, MT1 and MT2 (Hill et al. 2015). One of the proposed mechanisms is the
ability of melatonin to inhibit the precursor hormones of ovarian estrogen production, thereby reducing
the mitogenic response of cells in ER-positive breast tumors (Sousa-Neto, J.A.; Scaldaferri 2005). In our
study, MT1 expression was higher in ER positive tumors. The same results were observed in a study that
evaluated 50 invasive ductal breast tumor biopsy specimens (Jablonska et al. 2013). Also, MT1 negativity
in triple-negative breast cancer was significantly associated with higher risk of disease progression. This
study corroborates our results that show a lower expression of MTI in triple-negative tumors when
compared with the other tumor subtypes. Confirming a relation of low MT1 expression with worst
prognosis observed in a study of Jablonska et al. (2013), our study showed that tumors diagnosed with
grade IIT show lower expression of MT1 than tumors of grade I and II.

The expression of the ERa can be directly modulated by the action of melatonin when bound to
the MT1 receptor which, when activated, indirectly controls the glucose transporter GLUTI [12]. MT1
receptor promotes the inhibition of forskolin-stimulated cAMP formation, the suppression of protein
kinase A (PKA) activity, the phosphorylation of the CREB and suppresses tumor aerobic metabolism (the
Warburg effect), subsequently reducing cell-signaling pathways critical to cell proliferation, cell survival,

metastasis, and drug resistance. This type of glucose metabolism is termed aerobic glycolysis and it
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represents the bioenergetic process that is preferred by cancer cells over oxidative phosphorylation to
accommodate rapidly expanding tumor biomass (PANDIPERUMAL et al. 2008).

Cancer cells depend on glycolysis instead of oxidative phosphorylation for energy production
and this phenomenon is known as Warburg effect. Thus, cancer cells take up glucose at an elevated rate
to meet their increased energy demands. Crucially, cancer cells require massive amounts of glucose as an
energy source for their dysregulated growth and thus overexpress GLUTs. High expression of GLUT]1
was correlated with poor prognosis in several cancer types, including breast cancer (Oh et al. 2017). This
data corroborates with our results which show higher expression of GLUT! in triple-negative tumors
when compared with luminal subtypes. Grover-McKay et al. (1998) demonstrated a strong association
between GLUT1 expression and the invasive capacity of breast cancer cells and showed that this protein
was expressed in highly invasive MDA-MB-231 cells. In addition, many reports indicated that GLUT1
contributes to tumor aggressiveness (Grover-McKay et al. 1998; Oh et al. 2017). These data agree with
the relationship between tumor size and GLUT-1 expression found in our study. High expression of
GLUT1 in tumors with size 220 mm, is possibly explained by the increased energetic need of tumor cells.

DAUCHY et al. (2015) showed that key tumor-promoting kinases (ERK1/2, AKT, SRC, and
FAK) and transcription factors (ERa, CREB, and STAT3) were highly expressed and/or phospho-
activated in MCF-7 breast tumor xenografts rats exposed to disruption of circadian melatonin signal
(Dauchy et al. 2014; Hill et al. 2015). It could explain our results which show a significant difference in
expression of MT1 receptor and GLUT1 in Luminal A (ER+, high expression of MT1 and low expression
of GLUT1) and Triple-negative (ER-PR-HER2-, low expression of MT1 and high expression of GLUT1)
phenotypes. The low expression of MT1 receptor and consequently high expression of kinases like AKT

increase GLUT1 expression.

CONCLUSION

According to our results, and based on the literature, it was possible to relate the high expression
of the MT1 receptor and low expression of GLUT1 in breast cancer subtype of good prognosis (Luminal
A) and the inverse correlation in triple-negative tumors, which shows a worse prognosis. Thus, our
results suggest that the expression of these proteins could be used as potential target and help to define

better therapeutic protocols in breast cancer patients.
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Table Click here to download Table Table 1.pdf %

Table 1. Expression of MT1 and GLUT1 receptors in age and clinicopathological characteristics.

Average Optical Density (A.O.D.)

Number of Arbitrary units (a.u.)
patients (%) MT1 GLUT1

Patient age

<50 12 (28.5) 148.1 129.8

>50 30 (71.5) 148.5 131.0

p value 0.99 0.65
ER (Estrogen receptor)

Positive 34 (80.9) 151.2 128.1

Negative 8 (19.1) 125.8 139.7

p value 0.002* 0.003*
Tumor size

T1 14 (33.3) 145.1 117.9

T22 28 (66.7) 148.1 132.5

p value 0.38 0.004*
Regional lymph nodes

NO 28 (66.7) 147.9 130.1

N21 14 (33.3) 148.6 129.3

p value 0.79 0.83
Metastasis

MO 29 (69) 148.1 129.8

M1 13 (31) 147.9 130.3

p value 0.85 0.54
*p<0.05
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DISCUSSAO

Nesse estudo, os niveis séricos de melatonina e seus metabdlitos AFMK e
AMK foram avaliados em pacientes com cancer de mama, pacientes submetidas
a quimioterapia e enfermeiras que trabalham em turno noturno em comparacgéao
com mulheres controle. Ainda, a expressao do receptor de melatonina MT1 e do
transportador de glicose GLUT-1 foram avaliados no tecido tumoral de mama de
mulheres. Os resultados mostraram que mulheres com cancer e com quebra do
ciclo circadiano tem niveis menores de melatonina em relagéo as mulheres sem
histérico de cancer (controle). Ainda a expressdao do MT1 e GLUT1 foram
relacionadas com os subtipos e prognéstico do cancer de mama.

Segundo a Organizagcdo Mundial de Saude (OMS) a ruptura do ciclo
circadiano contribui com o aumento do risco de desenvolvimento de cancer de
mama (ADAMS, 2013). Tal ruptura pode levar a alteragcbes nos niveis
sanguineos de melatonina e consequentemente alterar a expressao de inimeros
genes relacionados ao relégio bioldgico, incluindo genes supressores tumorais
(ANTOCH et al., 2008; GAUGER; SANCAR, 2005; STEVENS et al., 2014; YOU
et al., 2005). Dessa forma, baixos niveis de melatonina estao relacionados ao
aumento do risco de desenvolvimento de cancer de mama. Esses estudos
corroboram nossos resultados que mostraram um menor nivel de melatonina em
mulheres com cancer de mama em comparagao com mulheres sem histérico de
cancer. Tamarkin e colaboradores (1982) também encontraram menor nivel de
melatonina em mulheres com céancer de mama (RE+) em relacdo as mulheres

do grupo sem cancer. (TAMARKIN et al., 1982)
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A melatonina é sintetizada no periodo noturno a partir da conversao do
aminoacido triptofano em serotonina, que é acetilada em N-acetilserotonina, na
reacao catalisada pela enzima n-acetil-transferase (AA-NAT) e entdo convertida
em melatonina pela enzima hidroxi-indol-O-metiltransferase (HIOMT) (AL-
OMARY, 2013; ESPINO; PARIENTE; RODRIGUEZ, 2012). A enzima AA-NAT
apresenta um ritmo diario, atingindo concentracées 100 vezes superiores na fase
de escuro, quando comparado a fase de claro. Esta variagao ciclica da AA-NAT
faz com que a reducdo dos niveis de serotonina na fase de escuro seja
acompanhada pelo aumento das concentracbes de N-acetilserotonina e
melatonina (HILL et al., 2015). A sintese de melatonina ocorre principalmente na
glandula pineal, no entanto, sua producado extra-pineal ja foi demonstrada
(REITER; TAN; LORENA, 2010). A melatonina € um potente antioxidante e sua
reacao com espeécies reativas de oxigénio e nitrogénio converte melatonina em
AFMK, outro potente antioxidante que é convertido da mesma forma em AMK.
Além dessa via a melatonina também é convertida em AFMK através da via
enzimatica pela acdo da indolamina 2,3-dioxinase (IDO1) e posteriormente o
AFMK é convertido em AMK pela enzima formamidase (ACUNA-CASTROVIEJO
et al., 2014; JAWOREK et al., 2016).

Varios estudos indicam que a exposicao a luz ou dispositivos com fonte de
luz durante a noite podem influenciar a sintese de melatonina (BARTSCH et al.,
1989; BRAINARD et al., 2001; BRAINARD; ROLLAG; HANIFIN, 1997,
CAJOCHEN et al., 2000, 2011; GADDY; ROLLAG; BRAINARD, 1993;

GLICKMAN; LEVIN; BRAINARD, 2002; GOOLEY et al., 2011; LOCKLEY et al.,
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2006; LOCKLEY; BRAINARD; CZEISLER, 2003; ZEITZER et al., 2000). Assim,
foi descrito que mulheres que trabalham a noite, e, portanto, estdo expostas a
luz no periodo noturno, apresentam um risco elevado de desenvolver cancer de
mama devido em consequéncia a baixa producao de melatonina (REITER et al.,
2017). Esses dados corroboram nossos resultados, os quais demonstraram que
enfermeiras de turnos noturnos apresentam baixos niveis de melatonina em
comparacao com mulheres sem histéria de cancer e sem atividades noturnas.
Além disso, nosso estudo demonstrou que mulheres que dormem sem fonte de
luz no quarto a noite apresentam niveis elevados de AFMK, o que pode estar
relacionado ao aumento da melatonina devido a auséncia de luz e
consequentemente maior metabolizacdo em AFMK.

Com relacao as caracteristicas clinico-patolégicas, mulheres com tumores
maiores que 20 mm (T=2) apresentaram niveis elevados de AFMK em relacao a
pacientes com T1. Esse aumento pode ser explicado pela maior taxa de
oxidacao da melatonina devido ao estresse causado pelo aumento do numero
de células tumorais. Similarmente, um estudo de Bartsch e colaboradores (1989)
mostrou que o nivel de melatonina noturna foi inversamente proporcional ao
tamanho dos tumores mamarios (BARTSCH et al., 1989). Ainda, niveis mais
elevados de melatonina e AFMK também foram correlacionados com presenca
de metastase a distdncia e niveis de AFMK com comprometimento dos
linfonodos (N>0). Sabe-se que linfécitos T produzem todas as enzimas
necessarias para sintetizar melatonina, assim, sugere-se que a invasao de

linfonodos e outros tecidos pelas células tumorais pode aumentar a resposta
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imune local e, como consequéncia, aumentar os niveis de melatonina (CHEN et
al., 2015; GUERRERO et al., 2000; LARDONE et al., 2006; POZO et al., 1997,
2004; REN et al.,, 2017; ZHANG; ZHANG, 2014). Os altos niveis de AFMK
também podem ser explicados como uma consequéncia da producao de
melatonina pelas células imunes locais. Células tumorais nos linfonodos
aumentam a expressao de IDO1, que suprime a acao dos linfocitos T através da
ativacao de células T-reguladoras, como escape do sistema imune do
hospedeiro (FALLARINO et al, 2002, 2003; FRUMENTO et al., 2002;
PRENDERGAST et al., 2014; TERNESS et al., 2002). Essa enzima esta
envolvida em uma das principais vias que cataboliza a conversido de
indoleaminas  (triptofano, serotonina e melatonina) em quinurenines
(formylkynurenine, formyl-5-hydroxykynurenamine e AFMK, respectivamente).
AFMK é um potente antioxidante e pode ser deformilado por arilamina
formamidase ou hemoperoxidase para AMK, outro potente antioxidante
(DUBOCOVICH et al., 2010). AFMK também possui fungdes anti-inflamatoérias,
descritas na pancreatite aguda, e pode controlar o aumento de melanécitos in
vitro (JAWOREK et al.,, 2016). O tratamento com altas doses de AFMK em
linhagem de cancer de pancreas (PANC-1) levou ao aumento de proteinas
relacionados ao controle da proliferacdo e protecao contra danos celulares
(LEJA-SZPAK et al., 2015). Estudos referentes ao AFMK e AMK no cancer sao
escassos na literatura e nosso estudo nao demonstrou relagdes estatisticamente
significantes entre os niveis de AMK nos grupos avaliados. No entanto, com

relacado ao AFMK, pacientes sob quimioterapia adjuvante apresentam niveis
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mais baixos de melatonina em comparacao com as mulheres controle, o que
pode estar relacionado com seu potencial antioxidante contra o estresse
oxidativo e a morte celular causada pela quimioterapia. Sabe-se que além de
seus receptores de membrana acoplados as proteinas G (MT1 e MT2), a
melatonina, por ser lipofilica, também pode atravessar a membrana celular
atuando diretamente na modulacdo de proteinas intracelulares, o que esta
intimamente relacionado a sua atividade antioxidante (DUBOCOVICH et al.,
2010). A melatonina atua na eliminacao de espécies reativas de oxigénio e
nitrogénio e na ativacao de enzimas antioxidantes como superdxido dismutase
(SOD), catalase (CAT), glutationa peroxidase (GPx) e glutationa redutase (GR).
A conversao da melatonina em AFMK ocorre independente da acao enzimatica
durante suas acgdes antioxidantes (JAWOREK et al., 2016).

Diversas acbes oncostaticas e antiproliferativas séo descritas para a
melatonina (BLASK et al., 1991; HILL et al., 2015; TEPLITZKY et al., 2001)
especialmente em tumores de mama RE-positivo. Nesses tumores a melatonina
atua principalmente de forma antiestrogénica por meio de seu receptor de
membrana MT1, possuindo acao moduladora sobre as enzimas responsaveis
pela sintese do estrégeno, como a aromatase, e sobre o RE, inibindo a
expressao do RE-a e a ligacdo do complexo estradiol-RE ao sitio de ligagao do
receptor de estrégeno (ERE) no DNA (HILL et al., 2011; MEDIAVILLA et al.,
2010; SANCHEZ-BARCELO et al., 2005; TEPLITZKY et al., 2001).

Nesse contexto, nossos resultados mostraram que a expressao do receptor

MT1 foi maior em tumores mamarios ER positivos, e uma menor expressao foi
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observada em tumores triplo-negativos quando comparados com os outros
subtipos fenotipicos. Resultados similares foram observados em um estudo de
(JABLONSKA et al., 2013) que demonstraram uma menor expressao do MT1 em
cancer de mama triplo-negativo, a qual foi associada ao maior risco de
progressao da doenca (JABLONSKA et al., 2013). Ainda, confirmando a relacéo
entre a baixa expressao de MT1 com pior prognéstico observado no estudo de
Jablonska et al. (2013), nosso estudo mostrou que tumores diagnosticados com
grau lll apresentam menor expressao de MT1 do que tumores de grau | e Il

A expressdao do ERa pode ser modulada diretamente pela acado da
melatonina quando ligada ao receptor MT1 que, quando ativado, controla
indiretamente o transportador de glicose GLUT1 (VANDER HEIDEN; CANTLEY;
THOMPSON, 2009). O receptor MT1 promove a inibicao da formacao de AMPc,
a supressao da atividade da Proteina Cinase A (PKA) e suprime o metabolismo
aerobico do tumor (efeito Warburg), reduzindo posteriormente as vias de
sinalizacao celular criticas para a proliferacao celular, sobrevivéncia celular,
metastase e resisténcia aos medicamentos. O efeito Warburg representa o
processo bioenergético que é preferido pelas células tumorais sobre a
fosforilagcao oxidativa para adaptar a rapida expansao da biomassa tumoral (HILL
etal., 2015; PANDIPERUMAL et al., 2008). Assim, as células tumorais absorvem
glicose a uma taxa elevada para atender a sua crescente demanda de energia
e, portanto, podem superexpressar GLUTs. Alta expressdo de GLUT1 foi
correlacionada com um prognéstico ruim em varios tipos de cancer, incluindo

cancer de mama (OH et al., 2017). Grover-McKay et al. (1998) demonstraram
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uma forte associacao entre a expressao de GLUT1 e a capacidade invasiva de
células de cancer de mama e mostraram que essa proteina foi muito expressa
em células MDA-MB-231, as quais s&o altamente invasivas. De fato, os trabalhos
indicam que GLUT1 contribui para a agressividade tumoral (GROVER-MCKAY
et al., 1998; OH et al., 2017). Esses dados corroboram nossos resultados que
mostraram maior expressao de GLUT1 em tumores triplo-negativos quando
comparados com os subtipos Luminal A e B. Ainda, a expressao elevada de
GLUT1 foi observada em tumores com tamanho maior ou igual a 20 mm, o que
€ possivelmente explicada pelo aumento da necessidade energética de células

tumorais.
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CONCLUSAO

O presente trabalho permitiu estabelecer as seguintes conclusées:

sAs mensuragdes mostram menor nivel de melatonina em mulheres com
cancer em comparagao com mulheres livres de neoplasia, sugerindo um
papel protetor da melatonina no desenvolvimento do cancer de mama;

sAs expressdes proteicas elevadas de MT1 e GLUT1 estao associadas ao
prognéstico tumoral (melhor prognéstico e pior prognéstico,
respectivamente).

=Niveis elevados de melatonina e AFMK em mulheres com metastase e de
AFMK em mulheres com linfonodos acometidos e tumores maiores que
20mm sugerem alta atividade de células do sistema imune produzindo e
convertendo melatonina em AFMK e assim elevando seus niveis.

=Diminui¢ao dos niveis de melatonina em mulheres saudaveis que trabalham
no turno noturno em comparagdo com mulheres saudaveis de habito
diurno confirmam o bloqueio do ciclo circadiano e a sintese de melatonina
durante a noite.

=Niveis de melatonina plasmatica menores em mulheres com cancer de
mama durante tratamento quimioterapico em relagao ao grupo controle
denotando maior estresse celular causado pelo tratamento quimioterapico
e consequentemente maior consumo de melatonina como fator
antioxidante.

sForam encontrados menores niveis de AFMK em mulheres que dormem
com luz no quarto e pelo bloqueio da sintese de melatonina e
consequentemente assim menor nivel de AFMK.

=0 MT1 teve menor expressao em tumores de grau lll que pode relacionado
com pior prognostico e o GLUT1 foi altamente expresso em tumores de
tamanho avancado o que pode estar relacionado com a grande
necessidade energética direcionadas ao crescimento tumoral acelerado.

66



BIBLIOGRAFIA

67



BIBLIOGRAFIA

ACUNA-CASTROVIEJO, D. et al. Extrapineal melatonin: sources, regulation,
and potential functions. Cellular and Molecular Life Sciences, v. 71, n. 16, p.
2997-3025, 20 ago. 2014.

ADAMS, P. The breast cancer conundrum.Bulletin of the World Health
Organization, 2013.

AL-OMARY, F. A. M. Melatonin. In: Profiles of drug substances, excipients,
and related methodology. [s.I: s.n.]. v. 38p. 159-226.

ANTOCH, M. P. et al. Disruption of the circadian clock due to the Clock mutation
has discrete effects on aging and carcinogenesis. Cell Cycle, v. 7, n. 9, p. 1197-
1204, 1 maio 2008.

BARTSCH, C. et al. Stage-dependent depression of melatonin in patients with
primary breast cancer. Correlation with prolactin, thyroid stimulating hormone,
and steroid receptors. Cancer, v. 64, n. 2, p. 426—433, 1989.

BLASK, D. E. et al. Pineal melatonin inhibition of tumor promotion in theN-nitroso-
N-methylurea model of mammary carcinogenesis: potential involvement of
antiestrogenic mechanisms in vivo. Journal of Cancer Research and Clinical
Oncology, v. 117, n. 6, p. 526-532, nov. 1991.

BRAINARD, G. C. et al. Action spectrum for melatonin regulation in humans:
evidence for a novel circadian photoreceptor. The Journal of neuroscience :
the official journal of the Society for Neuroscience, v. 21, n. 16, p. 6405-12,
15 ago. 2001.

BRAINARD, G. C.; ROLLAG, M. D.; HANIFIN, J. P. Photic regulation of melatonin
in humans: ocular and neural signal transduction. Journal of biological
rhythms, v. 12, n. 6, p. 537—46, 29 dez. 1997.

CAJOCHEN, C. et al. Dose-response relationship for light intensity and ocular
and electroencephalographic correlates of human alertness. Behavioural brain
research, v. 115, n. 1, p. 75-83, out. 2000.

CAJOCHEN, C. et al. Evening exposure to a light-emitting diodes (LED)-backlit

computer screen affects circadian physiology and cognitive performance.

68



Journal of Applied Physiology, v. 110, n. 5, p. 1432-1438, 1 maio 2011.
CHEN, Y. et al. T lymphocytes possess the machinery for 5-HT synthesis,
storage, degradation and release. Acta physiologica (Oxford, England), v.
213, n. 4, p. 860-7, abr. 2015.

DUBOCOVICH, M. L. et al. Nomenclature , Classification , and Pharmacology of
G Protein-Coupled Melatonin Receptors. Pharmocological Reviews, v. 62, n.
3, p- 343-380, set. 2010.

ESPINO, J.; PARIENTE, J. A.; RODRIGUEZ, A. B. Oxidative stress and
immunosenescence: Therapeutic effects of melatoninOxidative Medicine
and Cellular Longevity, 2012.

FALLARINO, F. et al. T cell apoptosis by tryptophan catabolism. Cell Death and
Differentiation, v. 9, n. 10, p. 1069-1077, 16 set. 2002.

FALLARINO, F. et al. Modulation of tryptophan catabolism by regulatory T cells.
Nature Immunology, v. 4, n. 12, p. 1206-1212, 26 dez. 2003.

FRUMENTO, G. et al. Tryptophan-derived catabolites are responsible for
inhibition of T and natural killer cell proliferation induced by indoleamine 2,3-
dioxygenase. The Journal of experimental medicine, v. 196, n. 4, p. 459-68,
19 ago. 2002.

GADDY, J. R.; ROLLAG, M. D.; BRAINARD, G. C. Pupil size regulation of
threshold of light-induced melatonin suppression. The Journal of clinical
endocrinology and metabolism, v. 77, n. 5, p. 1398—401, nov. 1993.
GAUGER, M. A.; SANCAR, A. Cryptochrome, circadian cycle, cell cycle
checkpoints, and cancer. Cancer Research, v. 65, n. 15, p. 6828-6834, 1 ago.
2005.

GLICKMAN, G.; LEVIN, R.; BRAINARD, G. C. Ocular input for human melatonin
regulation: relevance to breast cancer. Neuro endocrinology letters, v. 23
Suppl 2, p. 17-22, jul. 2002.

GOOLEY, J. J. et al. Exposure to room light before bedtime suppresses
melatonin onset and shortens melatonin duration in humans. The Journal of
clinical endocrinology and metabolism, v. 96, n. 3, p. E463-72, mar. 2011.

GROVER-MCKAY, M. et al. Role for glucose transporter 1 protein in human

69



breast cancerPathology Oncology Research, 1998.

GUERRERDO, J. M. et al. Involvement of nuclear receptors in the enhanced IL-2
production by melatonin in Jurkat cells. Annals of the New York Academy of
Sciences, v. 917, p. 397—403, 2000.

HILL, S. M. et al. Declining melatonin levels and MT1 receptor expression in
aging rats is associated with enhanced mammary tumor growth and decreased
sensitivity to melatonin. Breast Cancer Research and Treatment, v. 127, n. 1,
p. 91-98, 12 maio 2011.

HILL, S. M. et al. Melatonin: an inhibitor of breast cancer. Endocrine Related
Cancer, v. 22, n. 3, p. R183-R204, 3 jun. 2015.

JABLONSKA, K. et al. Expression of melatonin receptor MT1 in cells of human
invasive ductal breast carcinoma. Journal of Pineal Research, v. 54, n. 3, p.
334-345, abr. 2013.

JAWOREK, J. et al. Melatonin metabolite, N1-acetyl-N1-formyl-5-
methoxykynuramine (AFMK), attenuates acute pancreatitis in the rat: In vivo and
in vitro studies. Journal of Physiology and Pharmacology, v. 67, n. 3, p. 411—
421, 2016.

LARDONE, P. J. et al. Melatonin synthesized by Jurkat human leukemic T cell
line is implicated in IL-2 production. Journal of cellular physiology, v. 206, n.
1, p. 273-9, jan. 2006.

LEJA-SZPAK, A. et al. Kynuramines induce overexpression of heat shock
proteins in pancreatic cancer cells Via 5-hydroxytryptamine and MT1/MT2
receptors. Journal of Physiology and Pharmacology, v. 66, n. 5, p. 711-718,
out. 2015.

LOCKLEY, S. W. et al. Short-wavelength sensitivity for the direct effects of light
on alertness, vigilance, and the waking electroencephalogram in humans. Sleep,
v. 29, n. 2, p. 161-8, fev. 2006.

LOCKLEY, S. W.; BRAINARD, G. C.; CZEISLER, C. A. High sensitivity of the
human circadian melatonin rhythm to resetting by short wavelength light. The
Journal of clinical endocrinology and metabolism, v. 88, n. 9, p. 4502-5, set.
2003.

70



MEDIAVILLA, M. D. et al. Basic mechanisms involved in the anti-cancer effects
of melatonin. Current medicinal chemistry, v. 17, n. 36, p. 4462-81, 2010.
OH, S. et al. Glut1 promotes cell proliferation, migration and invasion by
regulating epidermal growth factor receptor and integrin signaling in triple-
negative breast cancer cells. BMB reports, v. 50, n. 3, p. 132-137, mar. 2017.
PANDIPERUMAL, S. et al. Physiological effects of melatonin: Role of melatonin
receptors and signal transduction pathways. Progress in Neurobiology, v. 85,
n. 3, p. 335-353, jul. 2008.

POZO, D. et al. Expression of the Mel1a-melatonin receptor mMRNA in T and B
subsets of lymphocytes from rat thymus and spleen. FASEB journal : official
publication of the Federation of American Societies for Experimental
Biology, v. 11, n. 6, p. 466—73, maio 1997.

POZO, D. et al. mRNA expression of nuclear receptor RZR/RORalpha, melatonin
membrane receptor MT, and hydroxindole-O-methyltransferase in different
populations of human immune cells. Journal of pineal research, v. 37, n. 1, p.
48-54, ago. 2004.

PRENDERGAST, G. C. et al. Indoleamine 2,3-dioxygenase pathways of
pathogenic inflammation and immune escape in cancerCancer
Immunology, ImmunotherapyNIH Public Access, , jul. 2014.

REITER, R. J. et al. Melatonin, a full service anti-cancer agent: Inhibition of
initiation, progression and metastasisinternational Journal of Molecular
SciencesMultidisciplinary Digital Publishing Institute (MDPI), , 2017.

REITER, R. J.; TAN, D. X.; LORENA, F. B. Melatonin: A multitasking molecule.
Progress in Brain Research, v. 181, n. C, p. 127-151, 2010.

REN, W. et al. Melatonin signaling in T cells: Functions and applications. Journal
of Pineal Research, v. 62, n. 3, p. 1-15, 2017.

SANCHEZ-BARCELO, E. J. et al. Melatonin-estrogen interactions in breast
cancer. Journal of Pineal Research, v. 38, n. 4, p. 217-222, maio 2005.
STEVENS, R. G. et al. Breast Cancer and Circadian Disruption From Electric
Lighting in the Modern World. CA Cancer J Clin, v. 64, n. 3, p. 207-218, 2014.

TAMARKIN, L. et al. Decreased nocturnal plasma melatonin peak in patients with

71



estrogen receptor positive breast cancer. Science (New York, N.Y.), v. 216, n.
4549, p. 1003-5, 28 maio 1982.

TEPLITZKY, S. R. et al. Chemoprevention of NMU-induced rat mammary
carcinoma with the combination of melatonin and 9-cis-retinoic acid. Cancer
letters, v. 168, n. 2, p. 155-63, 26 jul. 2001.

TERNESS, P. et al. Inhibition of allogeneic T cell proliferation by indoleamine 2,3-
dioxygenase-expressing dendritic cells: mediation of suppression by tryptophan
metabolites. The Journal of experimental medicine, v. 196, n. 4, p. 447-57, 19
ago. 2002.

VANDER HEIDEN, M. G.; CANTLEY, L. C.; THOMPSON, C. B. Understanding
the Warburg Effect: The Metabolic Requirements of Cell Proliferation. Science,
v. 324, n. 5930, p. 1029-1033, 22 maio 2009.

YOU, S. et al. Daily coordination of cancer growth and circadian clock gene
expression. Breast Cancer Research and Treatment, v. 91, n. 1, p. 47-60, maio
2005.

ZEITZER, J. M. et al. Sensitivity of the human circadian pacemaker to nocturnal
light: melatonin phase resetting and suppression. The Journal of physiology, v.
526 Pt 3, n. Pt 3, p. 695-702, 1 ago. 2000.

ZHANG, H. M.; ZHANG, Y. Melatonin: A well-documented antioxidant with
conditional pro-oxidant actionsJournal of Pineal Research, set. 2014.

72



ANEXOS

73



ANEXO |

74



METODOLOGIA

1. Coleta de amostras

Este trabalho foi enviado ao Comité de Etica da Faculdade de Medicina de

Sao José do Rio Preto e foi aprovado sob o nimero 682.062.
1.1. Amostras de sangue

Foram coletados aproximadamente 10 mL de sangue de um total de 52
pacientes com cancer de mama atendidas no Servico de Ginecologia e
Obstetricia (GO) do Instituto do Cancer (ICA) do Hospital de Base de Sao José
do Rio Preto. O atendimento ambulatorial é realizado de segunda, quarta e
sexta-feira no periodo da manha. O aluno permanece no ambulatério entre 7:00
e 9:00 horas aguardando a triagem e confirmagao do diagnéstico de cancer de
mama. Apos esta etapa, a paciente é informada sobre o projeto e questionada
se deseja ou nao participar. Caso a paciente esteja de acordo com o projeto,
sem nenhuma duvida e desejar positivamente doar uma amostra de sangue, esta
€ levada a sala de enfermagem do ICA onde é assinado o termo de
consentimento (ANEXO Il), respondido o questionario (ANEXO IIlI) e
posteriormente é realizada a coleta de sangue pela enfermeira do servico.

As amostras de pacientes controle foram coletadas pelo aluno (que possui
formacao e experiéncia neste procedimento, adquirido quando foi técnico
contratado de laboratério clinico particular) sempre com o critério de pareamento
pela idade, horario do despertar, horario da coleta da amostra, qualidade do sono
no geral e na noite anterior, e quantidade de luz no quarto durante a noite, que
foi estipulada em baixa (nenhuma fonte de luz e todas as janelas e portas
fechadas) e alta (TV, relogio digital e/ou abajur ligados, porta e/ou janela aberta).

1.2. Processamento das amostras de sangue

Apos a coleta de sangue, a amostra foi centrifugada a 1200 rpm por 15 min,
o plasma foi separado e acondicionado em tubos de 2ml e congelados em
freezer -80 °C para posterior extragdo dos compostos.

1.3. Extracao de melatonina, AFMK e AMK
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As amostras de plasma foram descongeladas e transferidas para um tubo
falcon de 15 mL e acondicionadas em gelo. Foi adicionado diclorometano na
proporgcéo de 1:1 e as amostras foram agitadas em vortex vigorosamente até a
verificagdo de um aspecto leitoso. Apds esta etapa as amostras foram
centrifugadas a 6500 rpm por 10 min a 4 °C e posteriormente a fase organica
(inferior) foi separada em um tubo de 2 mL.

O diclorometano foi seco em gas nitrogénio com a utilizagdo de um dry-
block e apos total evaporagcéo do reagente, as amostras foram acondicionadas
em freezer -80 °C para posterior analise.

1.4. Dosagem de melatonina, AFMK e AMK através de
espectrometria de massas Xevo® TQ-S (Waters)

O volume de injegao foi de 10 uL tanto dos padrées quanto das amostras.
As amostras secas foram ressuspendidas em 200 uL de acetonitrila. Foi utilizada
uma C18 (100 mm x 4.6 mm, 2.7 ym) com H20 + acido férmico 0,1% (A) e
acetonitrila + acido férmico 0,1% (B) como fase moével e gradiente descrito na
tabela 1.

Time (min) | %A | %B
0| 50 50

5| 10 90

7| 10 90

7,1 50 50

12| 50 50

Tabela 1. Condi¢cbes cromatograficas do HPLC.
As condigdes do espectrdmetro de massas foram: voltagem do capilar = 3.20 kV,
temperatura da fonte = 150 °C, temperatura do gas de dessolvatagdo (N2) = 350
°C, fluxo do gas de dessolvatacao = 600 L/h, fluxo do gas de colisdo = 0.15
mL/min. E as configuragcdes para leitura das moléculas foram estabelecidas por
MRM (Multiple Reaction Monitoring) da seguinte forma: melatonina - 233.1 >
174.1 - voltagem do cone = 35 V; energia de colisdo = 13 eV (dwell time =
0.412s); AMK - 237.1 > 114.1 - voltagem do cone = 35 V; energia de colisdo =
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15 eV (dwell time = 0.412s); AFMK - 287.1 > 228.1 - voltagem do cone =40 V;

energia de colisao = 15 eV (dwell time = 0.412s).

2. Fragmentos tumorais emblocados em parafina

Os blocos parafinados contendo os fragmentos dos tumores de mama das
pacientes incluidas no projeto foram disponibilizados pelo Servigo de Patologia
do Hospital de Base de Sao José do Rio Preto. Apés a verificagao pelo aluno no
sistema de laudos com o diagnéstico histopatolédgico e a classificagéao fenotipica
realizada a partir da expressao imunohistoquimica dos anticorpos anti-receptor
de estrégeno, anti-receptor de progesterona e expressao do gene HER-2-neu,
solicitou-se o bloco contendo o fragmento tumoral. Apdés a separagédo pelo
funcionario responsavel e assinatura do aluno de termo de responsabilidade, os
blocos foram levados ao Laboratério de Investigacdo Molecular no Cancer
(LIMC) para realizacdo da técnica de imunohistoquimica para avaliar a

expressao do receptor de melatonina MT1 e transportador de glicose GLUT1.

3. Imunohistoquimica
O procedimento imuno-histoquimico foi realizado no tecido tumoral a fim
de avaliar a expressao do anticorpo anti-MT1 (receptor de melatonina). Foi
realizada a padronizacdo de acordo com as informacgdes fornecidas pelo
fabricante para o anticorpo, estabelecendo-se a diluicao de 1:100 para o MT1 e
1:1200 para o GLUT1.
Cortes histolégicos de 3um foram obtidos do material incluido em parafina
e aderidos em laminas silanizadas. Posteriormente foi realizada a etapa de
desparafinizacao dos cortes, inicialmente em estufa a 60 °C, seguida em xilol e,
por fim, a hidratacdo com etanol em grau decrescente. O processo de
recuperacao antigénica ocorreu em panela a vapor durante 35 minutos com
tampao de acido citrico (pH 6,0). O bloqueio da peroxidase enddgena foi
realizado com agua oxigenada (H202) durante 30 minutos.
As lavagens dos cortes histologicos entre as etapas foram realizadas em

tampao PBS (1x). O material foi incubado com o anticorpo primario do marcador
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especifico em camara umida escura por 18 horas a temperatura de 4 °C. Apos o
periodo de incubacao, todas as laminas foram lavadas com solugao salina (PBS)
e incubadas com anticorpo secundario. O método utiliza a enzima HRP
(horseradish peroxidase) na presenca de anticorpo primario, anticorpo
secundario-biotina e peroxidase-estreptavidina revelados com cromégeno DAB
(Sigma), conforme as instru¢cées do kit Star Trek Universal HRP Detection
(Medical Biocare). A contracoloragdo foi realizada com Hematoxilina por 40
segundos e a montagem das laminas em resina Erv-mount (Erviegas). Todas as
imunorreagdes foram acompanhadas de um controle positivo para o anticorpo
testado (mama normal humana) e um controle negativo (sem anticorpo primario).

Apbs o procedimento imuno-histoquimico, as laminas foram observadas na
objetiva de 40 X em microscopio Nikon Eclipse E200 e analisadas por
densitometria 6ptica. Para cada amostra foram fotografados 3 diferentes campos
apenas nas areas imunorreativas, nas quais foram quantificados 20 pontos com
o software ImageJ, totalizando 60 pontos quantificados para cada lamina. Os
valores foram obtidos em unidades arbitrarias (u.a.) e demonstraram a

densidade éptica média (D.O.M.) para cada amostra.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(Conselho Nacional de Saude, resolu¢do 196/96)

Titulo da Pesquisa: “A Melatonina e seus metabélitos como marcadores progndsticos em
neoplasias mamarias humanas”

Pesquisadores Responsaveis: Profa. Dra. Debora Aparecida Pires de Campos Zuccari —
Docente do Departamento de Biologia Molecular e coordenadora do LIMC / Prof. Newton Antdnio
Bordin Junior — Oncologista - Responsavel pela Unidade de Mastologia e Oncologia Ginecologica do
Hospital de Base

e Para obter maior conhecimento dos mecanismos envolvidos no desenvolvimento do céncer
de mama, os pesquisadores da FAMERP de Séo José do Rio Preto (SP) estdo desenvolvendo
uma pesquisa cientifica que podera melhorar o nosso conhecimento sobre esse tumor e,
portanto, oferecer novas possibilidades de tratamento e de melhora na qualidade de vida;

e O estudo tem como objetivo verificar a mensuragdo da melatonina e de seu metabdlito
principal (AFMK) e relacionar as quantificagdes com o prognostico e subtipo da doenga.

e Paraisso, uma amostra de sangue e o bloco do fragmento tumoral parafinado seréo coletados
e enviados ao laboratdrio para as analises. Ndo havera mudanga na técnica cirdrgica ou
tratamento para esta coleta.

e Seeuconcordar que uma pequena quantidade de sangue retirado seja utilizada para a pesquisa
ndo terei quaisquer beneficios ou direitos financeiros sobre os eventuais resultados
decorrentes dela.

e Se eu ndo concordar ou decidir retirar meu consentimento em qualquer momento, minha
decisdo ndo influenciard, de nenhum modo, o meu tratamento nem a evolucdo da minha
doenga.

Declaro que, apos ter sido convenientemente esclarecido pelo pesquisador sobre a utilizagéo para
estudo de uma amostra de sangue (10 mL) a ser retirado pela enfermeira responsavel do setor do
ambulatério e a coleta do bloco do tecido tumoral parafinado, consinto em participar livre e
espontaneamente deste estudo sem que tenha sido submetido (a) a qualquer tipo de presséo:

Assim, consinto em participar do projeto de pesquisa em questdo.
Nome do (a) participante:

Representante legal:

RG do prontudrio médico:

Declaragdo de responsabilidade: Expliquei a natureza, objetivos, riscos e beneficios deste
estudo. Coloquei-me a disposi¢do para perguntas e respondi a todas. Obtive o consentimento de
maneira livre e me coloquei a disposicéo para esclarecimento de qualquer duvida sobre o estudo pelos
enderecos abaixo indicados.

Nome do (a) pesquisador:

Inscricdo no Conselho Regional: .........ccoccveviiveeiieeieniienienieeeeeeeee,

Profa. Dra. Debora Aparecida Pires de Campos Zuccari — Docente do Departamento de Biologia
Molecular e coordenadora do LIMC

Prof. Newton Antonio Bordin Junior — Departamento de Ginecologia e Obstetricia - FAMERP

Tialfi Bergamin de Castro — Pds-graduando em genética no Laboratdrio de Investigagdo Molecular no
Cancer - LIMC

Av. Brigadeiro Faria Lima, no. 5416

FAMERP - Faculdade de Medicina de S.J. Rio Preto Sdo José do Rio Preto, SP - CEP 15090-000
Fone: (17) 3201-5885

e-mails: debora.zuccari@famerp.br; newton_bordin@terra.com.br, tialfi_@hotmail.com

Em caso de dividas contatar a secretaria do Comité de Etica em Pesquisa da Faculdade de Medicina
de Sdo José do Rio Preto, telefone: (Oxx17) 3201-5700, ramal 581 3.
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Acordou:

Acorda durante a noite:

Dormiu bem:

Quantidade de luz no quarto:

Medicamento:

Questionario

Foi dormir:

Quantas vezes: Acende a luz:

Geralmente dorme bem:

O que fica ligado:

DN: / /

Caso de cancer na familia:

Coleta: :

82



