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RESUMO

As neoplasias mamarias sao os tumores de maior ocorréncia em mulheres no mundo. A
alta incidéncia deste tipo tumoral deve-se a um conjunto de fatores, entre eles o uso de
hormonios, como o estrégeno e a exposi¢do a produtos quimicos, entre eles o Bisfenol
A (BPA). Apesar da introducdo de tratamentos mais efetivos para o cancer de mama,
muitas vezes ocorre recorréncia e/ou crescimento do tumor, invasdo e metastase. As
“células-tronco tumorais” (CTTs) vem sendo estudadas em tumores humanos nos
ultimos anos, consideradas as responsaveis pela recorréncia do tumor e resisténcia a
terapias. Devido ao determinante papel das CTTs, € importante a identificacdo de
fatores que controlam sua proliferacdo. Estudos identificaram o fator de transcricao
OCT4 (octamer-binding transcription factor 4), como um dos responsaveis pela auto-
renovacdo e manutengdo da pluripoténcia das células-tronco. Dessa forma, o estudo de
potenciais farmacos que atuem sobre esta populacdo especifica no cancer de mama tem
especial interesse. A melatonina, parece apresentar efeitos oncostaticos no entanto,
pouco se sabe sob sua acdo terapéutica sobre as células-tronco tumorais mamarias.
Dessa forma, o objetivo deste estudo foi avaliar o efeito da melatonina sobre a
regulacdo do marcador de células-tronco OCT4 pelo receptor de estrdgeno em células-
tronco tumorais mamarias, ap6s o tratamento com estrogeno e bisfenol A. Para o estudo,
as celulas de cancer de mama humano MCF-7 e MDA-MB-231 foram submetidas ao
cultivo tridimensional de mamosferas, representando as células-tronco. As CTTs foram
cultivadas em suspensdo celular ou em crescimento independente de ancoragem.
Simultaneamente, as mamosferas foram tratadas com 1 mM melatonina, 10 nM
estrégeno e/ou com 10 uM bisfenol A. Ao final, foi avaliado o efeito da melatonina,
estrogeno e bisfenol A sobre o crescimento celular, através da contagem do nimero de
células, mensuracdo do tamanho das mamosferas e por meio do ensaio de viabilidade
celular MTT. Além disso, a expressao génica e proteica do OCT4 e do receptor de
estrogeno (RE) foi avaliada por PCR em tempo real, western blotting e
imunocitoquimica, respectivamente. Foi avaliada também a ligacdo do receptor de
estrogeno ao gene OCT4 através do Ensaio de Imunoprecipitagdo da Cromatina (ChlIP).
Foi observado que o aumento no nimero e no tamanho das mamosferas induzidos pelo
estrégeno ou BPA foi reduzido pelo tratamento com melatonina (P<0,05). Além disso, a

ligacdo do receptor de estrogeno ao gene OCT4 foi reduzida, acompanhada por uma
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reducdo na expressdo do OCT4 e do receptor de estrogeno (P<0,05). Nossos resultados
demonstram que a melatonina é eficaz no controle da proliferacdo das células-tronco
tumorais mamarias in vitro, atuando na via do receptor de estrégeno, demonstrando seu

potencial uso terapéutico no cancer de mama.

Palavras-chave: Cancer de mama. Células-tronco tumorais. POU5F1. Melatonina.

Bisfenol A. Estrogeno. Esferoides.
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ABSTRACT

Breast neoplasms are the most frequent tumors in women worldwide. The high
incidence of this tumor type is due to a number of factors, including the use of hormones
such as estrogen and exposure to chemicals, including bisphenol A (BPA). Despite the
introduction of more effective treatments for breast cancer often occurs recurrence
and/or tumor growth, invasion and metastasis. Recently, it was discovered the existence
of "cancer stem cells" (CSCs) in human tumors, being responsible for tumor recurrence
and resistance to therapy. Due to the important role of CSCs, the identification of
factors that control its proliferation is important. Studies have identified the
transcription factor OCT4 (octamer-binding transcription factor 4), as the one
responsible for self-renewal and maintenance of pluripotency of stem cells. Thus, it has
become interesting the study of potential drugs that target this specific population in
breast cancer. Melatonin, seems to have oncostatic effects, however, little is known
about its therapeutic action on breast cancer stem cells. Thus, the aim of this study was
to evaluate the effect of melatonin on the regulation of the stem cell marker, OCT4, by
the estrogen receptor in breast cancer stem cells, after treatment with estrogen and
bisphenol A. For the study, human breast cancer cells MCF-7 and MDA-MB-231 cells
were submitted to three dimensional growth of mammospheres, representing the stem
cells. The CSCs were grown in cell suspension or anchorage independent growth.
Simultaneously, mammospheres were treated with 1 mM melatonin, 10 nM estrogen
and/or 10 uM bisphenol A. In the end, it was evaluated the effects of melatonin,
estrogen and bisphenol A on cell growth by counting the number of cells, measuring the
size of mammospheres and by the MTT cell viability assay. Furthermore, the gene and
protein expression of OCT4 and estrogen receptor (ER) was evaluated by real time
PCR, western blotting and immunocytochemistry, respectively. It was also evaluated the
binding of ER to OCT4 by Chromatin Immunoprecipitation Assay (ChIP). It was
observed that the increase in the number and size of mammospheres induced by
estrogen and/or BPA was reduced by melatonin treatment (P<0.05). Furthermore,
binding of the ER to OCT4 gene was reduced, accompanied by a reduction in
expression of OCT4 and ER (P<0,05). Our results demonstrate that melatonin is

effective in controlling the proliferation of breast cancer stem cells in vitro, acting on
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estrogen receptor pathway, demonstrating their potential therapeutic use in breast
cancer.

Keywords: Breast neoplasms. Neoplastic stem cells. POU5F1. Melatonin. Bisphenol A.
Estroge. spheroids.
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I. INTRODUCAO

1. CANCER DE MAMA

Dados do IARC (Agéncia Internacional de Pesquisa no Cancer) estimam 14
milhGes de novos casos de cancer no mundo para este ano (larc, 2016). O cancer de
mama é 0 mais comum em mulheres no mundo e no Brasil, ficando atrds apenas do
cancer de pele ndo melanoma, sendo responsavel por cerca de 25% dos novos casos de
cancer por ano. Em homens, o cancer de mama ¢é raro, representando apenas 1% dos
casos de cancer. Dados do Instituto Nacional do Céancer (INCA) estimam 57.960 novos
casos de cancer de mama em mulheres para este ano (Inca, 2016). Apesar de o cancer de
mama ser mais incidente em paises ricos, a maioria das mortes ocorre em paises em
desenvolvimento (69% de todas as mortes por cancer de mama) (Who, 2008). Isso se
deve a diferenca no acesso ao sistema de satde com repercussdo no diagnéstico precoce
e tratamento adequado da doenca (Ferlay et al., 2010). As taxas de incidéncia da doenca
variam entre as regibes do Brasil (Figura 1).

A taxa de mortalidade por cancer de mama também é elevada, e representa a
principal causa de morte por cancer na populacdo feminina brasileira (Inca, 2016). No
Brasil, este tipo tumoral é o que mais causa mortes entre as mulheres desde 1979 (Inca,
2003). Em 2013, 14.206 mulheres vieram a Obito devido a doenca. Na populacédo
mundial, a sobrevida média das pacientes apds cinco anos de acompanhamento é de
61% e, apesar do progresso no diagndstico e tratamento nos ultimos 30 anos, essa
doenca é ainda responsavel por quase meio milhdo de mortes por ano no mundo
(Snoussi et al., 2010).
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51 CAS0S
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Figura 1. Representacdo espacial das taxas de incidéncia de cancer de Mama no
Brasil. Casos de cancer de mama divididos de acordo com as regides do Brasil com

base em um grupo de 100 mil mulheres no ano de 2014 (Inca, 2014).

O estabelecimento do prognostico e do planejamento terapéutico do cancer de
mama baseia-se no tipo, grau histolégico do tumor e classificagdo pelo sistema de
estadiamento TNM, que abrange a avaliacdo do tamanho tumoral, presenca de
metastase em linfonodos regionais e de metastase a distancia (Pedersen et al., 2004).
Além dos fatores clinico-patoldgicos, o conhecimento das caracteristicas moleculares
dos tumores tem contribuido para a avaliagdo mais precisa do prognéstico, e no
desenvolvimento e incorporacdo de novos agentes e estratégias terapéuticas (Gonzalez-
Angulo, Morales-Vasquez e Hortobagyi, 2007; Ozols et al., 2007; Hicks e Kulkarni,
2008); Duffy, O'donovan e Crown, 2011). Atualmente, o status do receptor de
estrogeno (RE), receptor de progesterona (RP) e do receptor do fator de crescimento
epidermal 2 (HER-2/neu) sdo exemplos de caracteristicas moleculares dos tumores
mamarios que foram incorporados a rotina clinica e permitem que se estabeleca um
tratamento individualizado (Hsiao et al., 2010).

O céancer de mama pode ser classificado em dois grupos, de acordo com a
expressao do receptor de estrégeno (RE): aqueles que expressam o receptor de
estrégeno chamados RE-positivo e 0s que ndo expressam, RE-negativo (Renoir,

Marsaud e Lazennec, 2013). Tumores RE-positivos usam o horménio estradiol como
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seu principal estimulo para crescimento, sendo portanto o RE, o alvo direto das terapias
enddcrinas. Aproximadamente 80% dos tumores de mama sdo classificados como RE-
positivo e essa positividade correlaciona-se com melhor progndéstico e maior capacidade
de resposta a terapias (Dowsett et al., 2013). Pacientes com tumores RE positivos
podem ser tratados com antagonistas desse receptor, como por exemplo o tamoxifeno
(Figura 2). Porém, tumores triplo-receptor-negativos (RE-, RP- e HER2/neu-)
apresentam pior progndstico, uma vez que ndo respondem a tratamentos especificos,
relacionando-se a ocorréncia de metastases e menor sobrevida das pacientes (Fernandes
et al., 2009) (Figura 2).

Portanto, a expressao do receptor de estrogeno (RE) é sem duvida um importante
biomarcador em cancer de mama, pois ele fornece o indice de sensibilidade ao

tratamento endécrino.

Estrégeno positivo Triplo negativo
RE+

Nao possuiterapiaalvo

Estrégeno —U£Tamoxifeno

|I.ff/l; H“x_l_ ...f_,f - Hx‘x_\'

Figura 2. Representacao gréafica de tumores receptor de estrogeno positivo (RE+) e
triplo negativo (RE-, RP- e HER2/neu-). Caracteristicas moleculares dos tumores
mamarios que foram incorporados a rotina clinica e permitem que se estabeleca um
tratamento individualizado. Tumores que expressam o receptor de estrogeno podem ser
tratados com antagonistas do receptor de estrégeno, como o tamoxifeno. Tumores triplo
negativos, nao apresentam expressdo do HER-2/neu, e receptor de estrogeno e
progesterona, e, portanto, ndo possuem terapia alvo. Adaptado de Kleinsmith et al.
(2005).
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2. ESTROGENO E CANCER DE MAMA

Os horménios esteroides possuem um papel muito importante no
desenvolvimento da glandula mamaria e na tumorigénese, agindo atraves de receptores
nucleares localizados nas células alvo (Zanetti, Oliveira e Ribeiro-Silva, 2011). O
estrogeno € um horménio esteroide lipofilico que atravessa livremente a membrana
plasmatica (Cremoux, 2011).

Este hormonio possui dois tipos de receptores denominados REa ¢ REB. Os
receptores, REa ¢ REP, pertencem a uma superfamilia de receptores nucleares que
regulam o crescimento, diferenciacdo e homeostase em células eucariotas (Hanstein et
al.,, 2004). Embora sejam codificados por genes localizados em diferentes
cromossomos, os dois tipos de REs apresentam um elevado grau de homologia tanto ao
nivel da sequéncia de aminoécidos que os constitui, como ao nivel das suas estruturas
tridimensionais (Acconcia e Marino, 2011). Os RE a e B apresentam concentragdes
variaveis em diferentes tecidos. O REa ¢ expresso no aparelho reprodutivo (ovarios,
mamas e Utero), sistema nervoso central (SNC), figado e prostata, enquanto que o REP é
expresso nos 0ssos, endotélio, pulmdes, SNC, préstata, ovarios, e tecido urogenital
(Maximov, Lee e Jordan, 2013; Kuiper et al., 1997).

Além disso, o estrégeno tem diversos efeitos celulares e pode atuar por meio de
duas vias no cancer de mama denominadas via dependente de RE (RE-dependente) e
via independente de RE (RE-independente) (Renoir, Marsaud e Lazennec, 2013).

Na via independente de RE, o estrégeno pode ser metabolizado no citoplasma,
resultando na producédo de espécies reativas de oxigénio, causando o estresse oxidativo
(Jung et al., 2011).

Na via dependente de RE, o estrégeno se liga ao seu receptor formando o
complexo estrogeno-RE. Esta ligagdo hormonio-receptor acarreta uma alteracdo na
forma do RE, levando a dissociacao das proteinas chaperonas de choque térmico (heat
shock protein 90 kD - hsp 90) e consequentemente ativando o receptor (Maximov, Lee e
Jordan, 2013). Uma vez que o RE foi ativado, ele interage com sequéncias especificas
do DNA chamadas de elemento de resposta ao estrogeno (ERE) (Nagarajan et al.,
2014). Acoplados ao ERE, os dimeros do complexo estrégeno-RE ligam-se a proteinas
co-reguladoras, que modulam a transcricdo dos genes. A partir dai sdo produzidas
moléculas de RNA mensageiro, levando a sintese de proteinas especificas, as quais irdo

influenciar o comportamento celular dependendo do tipo de célula envolvida (Nagarajan
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et al., 2014) (Figura 3). Esta via é normalmente inibida por drogas que atuam na
interferéncia da ligacdo ao receptor (tamoxifeno), blogueio da biossintese de estrégeno
(inibidores de aromatase) ou “downregulation” — reducdo do numero e/ou da afinidade

dos receptores de estrogeno (fulvestrant) (Filipits et al., 2014).

Molécula de——@

Estrégeno

Ndcleo

Citoplasma
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Figura 3. Mecanismo de acdo do estrégeno nas células receptoras de estrogeno
positivo. O estrdgeno se liga ao seu receptor formando o complexo estrogeno-RE. Esta
ligacdo horménio-receptor acarreta uma alteracdo na forma do RE, levando a
dissociacdo das proteinas chaperonas de choque térmico (heat shock protein 90 kD - hsp
90) e consequentemente ativando o receptor. Uma vez que o RE foi ativado, ele interage
com sequéncias especificas do DNA chamadas de elemento de resposta ao estrogeno
(ERE). Acoplados ao ERE, os dimeros do complexo estrogeno-RE ligam-se a proteinas
co-reguladoras, que modulam a transcricdo dos genes. A partir dai sdo produzidas
moléculas de RNA mensageiro, levando a sintese de proteinas especificas, as quais irdo
influenciar o comportamento celular dependendo do tipo de célula envolvida. Adaptado
de Kleinsmith et al. (2005).

O estrogeno pode ser classificado em termos de origem como natural e sintético,
sendo que os naturais podem se apresentar na forma de estrona (E1), estradiol (E2) e
estriol (E3). Entre estes, o estradiol é o estrégeno natural biologicamente mais ativo
(Krélik e Milnerowicz, 2012).

A exposicdo ao estrogeno tem sido fortemente ligada ao risco de cancer de
mama. Mulheres submetidas a terapia de reposicdo hormonal com estrégeno se

mostraram mais suscetiveis a desenvolver tumores mamarios, comprovando a relacao
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entre o estrogeno e o cancer de mama (Li et al., 2014; Bakken et al., 2004; Colditz,
2005; Beral e Collaborators, 2003; Chlebowski et al., 2003; Rossouw et al., 2002). Da
mesma forma, altos niveis de estrégeno no sangue de mulheres na p6s-menopausa estao
associados com um aumento no risco de cancer de mama (Friel, Hinchcliffe e Wright,
2005; Key e Allen, 2002).

Sugere-se que 0 estrdgeno atue na iniciacdo e progressdo do cancer de mama
aumentando a taxa de proliferacdo celular (Lapensee et al., 2010). Em seu papel como
estimulador da proliferacdo celular, o estrogeno pode afetar os niveis de acetilacdo dos
oncogenes Bcl-2 e Bcl-xI, aumentando a expressdo dos mesmos, e conseqlientemente
acelerando a proliferacdo celular e inibindo a apoptose (Ye et al., 2014). O crescimento
dos carcinomas de mama é regulado pelo estrogeno (Eisenberg e Koifman, 2001).

O estrogeno estimula o RE, controlando a taxa de divisdo celular. As células em
divisdo estdo mais suscetiveis a mutacOes genéticas durante a replicacdo do DNA, e as
mutacgdes assim produzidas, podem futuramente conduzir ao desenvolvimento do tumor
(Russo e Russo, 2006).

3. DISRUPTORES ENDOCRINOS

Muitos produtos quimicos podem interferir no sistema enddcrino e por isso séo
chamados de disruptores enddcrinos. Entre estas substancias podemos destacar o
produto quimico industrial bisfenol A ou BPA. A exposicdo a este produto quimico
pode mimetizar as funcGes bioldgicas do estrogeno, podendo contribuir para a iniciagcdo
ou progressao do cancer (Rezg et al., 2014).

O bisfenol A é uma substancia sélida, branca, cristalina, com um peso molecular
de 228,29 g/mol (Michatowicz, 2014). Este composto € sintetizado pela condensacéo da
acetona (de onde provém o sufixo A no final do nome) com dois equivalentes de fenol.
A reacdo é catalisada por um acido, como o acido cloridrico (HCI) (Bernardo et al.,
2015) (Figura 4).
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Figura 4. Representacdo da sintese do Bisfenol A (BPA). O Bisfenol A é sintetizado
pela condensacdo da acetona (de onde provém o sufixo A no final do nome) com dois
equivalentes de fenol. A reacdo é catalisada por um &cido, como o &cido cloridrico
(HCI) (Bernardo et al., 2015)

O BPA é um mondmero de plastico de policarbonato, muito utilizado na
producdo comercial. Este composto pode ser encontrado no plastico de garrafas PET,
mamadeiras, embalagens de alimentos, em vernizes utilizados para revestimentos de
embalagens metalicas de alimentos, garrafdes retornaveis de agua mineral, e também,
na area farmacéutica em resinas de implantes médicos e dentérios (Gutman e Shoenfeld,
2015).

Nos anos 1970, surgiram as primeiras suspeitas sobre os maleficios do uso do
Bisfenol A nos objetos de uso cotidiano (Vogel, 2009) . A descoberta de que o bisfenol
A poderia ser liberado a partir de recipientes de policarbonato foi feita acidentalmente,
quando se verificou que recipientes autoclavados liberavam um composto com
propriedades estrogénicas (Krishnan et al., 1993).

Recipientes que apresentam BPA em sua composi¢do, quando aquecidos,
liberam este produto toxico para os alimentos ou bebidas e quando ingerido pode
provocar uma série de alteragcbes no metabolismo humano, favorecendo, por exemplo, 0
desenvolvimento de alguns tipos de cancer (Rezg et al., 2014).

A partir disto, por precaucdo, alguns paises, inclusive o Brasil, optaram por
proibir a importacdo e fabricacdo de mamadeiras que contenham Bisfenol A,
considerando a maior exposicdo e susceptibilidade dos individuos usuérios deste
produto (Anvisa, 2010). Assim, mamadeiras em policarbonato ndo podem ser
comercializadas no Brasil. Para as demais aplicaces, o BPA ainda é permitido, mas a
legislagdo estabelece limite maximo desta substancia, que foi definido com base nos
resultados de estudos toxicologicos (Anvisa, 2010).

O Bisfenol A age mimetizando o papel do estrégeno na ligagdo ao seu receptor
(RE), ativando a transcricdo de genes responsaveis pelo aumento da proliferacdo de

células de cancer de mama (La Rosa et al., 2014) (Figura 5). Dessa forma, supde-se a
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participagdo deste composto na iniciacdo e progresséo do cancer de mama (Lapensee et
al., 2010). Entretanto, ndo é totalmente compreendido como este composto promove

carcinogénese mamaria.

Estrégeno

DNA

Figura 5. Representacdo do mecanismo de acdo do Bisfenol A (BPA). O Bisfenol A
age mimetizando o papel do estrogeno na ligacdo ao seu receptor (RE), ativando a
transcricdo de genes responsaveis pelo aumento da proliferagdo de células de cancer de
mama. Adaptado de Mittelstaedt (2010).

4. CELULAS-TRONCO TUMORAIS

Existem evidéncias que muitos canceres se organizam de maneira hierarquica,
com raras células-tronco cancerosas no topo da hierarquia responsavel pela manutencao
da populacéo de células no tumor (Alberts, Bray e Lewis, 2011).

Normalmente, entre uma célula-tronco e sua progénie totalmente diferenciada
existe uma populacdo intermediaria conhecida como células amplificadoras transitérias,
“transitorias” porque estdo em transito entre o carater células-tronco e o carater
diferenciado; “amplificadoras” porque os ciclos de divisdo pelos quais estas células
passam tém o efeito de amplificar o nimero da progénie diferenciada que resulta de
uma Unica divisdo de celulas-tronco. A presenga destas células amplificadoras
transitorias também explica como um tecido pode manter uma producdo elevada de

células diferenciadas a partir de um pequeno numero de células-tronco. Como,



31

normalmente, as células-tronco possuem um ciclo celular lento, muitas das células em
divisdo em um determinado tecido sdo células amplificadoras transitorias, que estdo
destinadas a se diferenciar apdés um determinado nimero de divisdes. Desse modo, a
capacidade de divisdo celular ndo € por si mesma, um indicador da condicéo de células-
tronco (Alberts, Bray e Lewis, 2011).

As células-tronco apresentam algumas caracteristicas que indicam tratar-se de
uma célula indiferenciada como: a atividade aumentada de fosfatase alcalina, a
expressao do fator de transcricdo OCT4, alta atividade da telomerase e a presenca de
uma variedade de marcadores celulares, como os fatores de transcricdo SOX2 e
NANOG (Donovan e Gearhart, 2001).

Os tumores podem se originar de células-tronco de tecidos normais, que
gradualmente acumulam mutacbes e modificacbes epigenéticas responsaveis pelo
comportamento maligno do cancer ou podem surgir a partir de células mais
diferenciadas, como as células amplificadoras transitorias, que sofreram mutagdes ou
alteracdes epigenéticas que lhe conferiram caracteristicas de células-tronco (Alberts,
Bray e Lewis, 2011) (Figura 6).
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Figura 6. Representacdo do surgimento do tumor a partir de células-tronco
normais e células transito amplificaveis. Os tumores podem se originar de células-
tronco de tecidos normais, que gradualmente acumulam mutacdes e modificacdes
epigenéticas responsaveis pelo comportamento maligno do cancer ou podem surgir a
partir de células mais diferenciadas, como as células amplificadoras transitorias, que
sofreram mutacbGes ou alteracBes epigenéticas que Ihe conferiram caracteristicas de
células-tronco. Adaptado de Alberts, Bray e Lewis (2011).

As células-tronco tumorais, foram inicialmente identificadas na leucemia
mieldide aguda humana por Bonnet e Dick (1997), neste estudo os autores verificaram
que um pequeno grupo de células tumorais foi capaz de se replicar facilmente in vitro,

enquanto 0 mesmo n&o ocorreu com o restante das células leucémicas. Posteriormente,
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as células-tronco tumorais foram descritas em tumores sélidos, incluindo cancer de
mama, cérebro, colon e outros tipos de tumor (Huang et al., 2015; Al-Hajj et al., 2003;
Singh et al., 2004; Ricci-Vitiani et al., 2007).

As células-tronco tumorais, também chamadas de células iniciadoras do tumor,
constituem uma fragcdo distinta dentro da massa tumoral e apresentam capacidade de
auto-renovacao do tumor, recidiva, manutencao da pluripoténcia, metéstase e resisténcia
ao tratamento terapéutico em varios tipos de neoplasias, incluindo cancer de mama
(Chen et al., 2015).

A resisténcia das células-tronco tumorais ao tratamento quimioterépico €
baseada na hipdtese de que estas células tem caracteristicas intrinsecas tnicas, incluindo
a capacidade em reparar danos no DNA; presenca de bombas de efluxo que permitem
que excluam corantes (as células-tronco sao fracamente fluorescentes porque possuem
na membrana plasméatica uma proteina de transporte tipo ABC (ATP binding cassete)
responsavel pelo bombeamento do corante para fora da célula); atividade proliferativa
relativamente baixa e altos niveis de proteinas anti-apoptéticas; além da presenca da
Aldeido desidrogenase (ALDH), que metaboliza os farmacos quimioterapicos como a
ciclofosfamida; e os fatores angiogénicos que ajudam a manter o nicho das células-
tronco (Bozorgi, Khazaei e Khazaei, 2015).

As ceélulas-tronco do cancer apresentam marcadores de superficie, pelos quais
podem ser diferenciadas das células nédo tronco (Torres et al., 2015). Células do cancer
de mama com fendtipo de superficie CD44/CD24"“" apresentam propriedades
iniciadoras de tumor com caracteristicas de pluripoténcia e capacidade invasiva. A
transicio de um fenotipo epitelial (CD44/CD24") para um fendtipo mesenquimal
(CD44%/CD24"") capacita a célula a mover-se do tumor primario ao sitio metastatico
(Mani et al., 2008). Em estudo realizado Ponti et al. (2005), os autores verificaram que
as células de linhagem priméaria humana de cancer de mama apresentavam o fendtipo
CD44*/CD24""" e expressavam o fator transcricional OCT4.

As CTTs quando separadas do restante da populacdo in vitro, se arranjam em
pequenos agregados denominados de mamosferas, 0s quais tem se mostrado muito mais
resistentes aos tratamentos quimioterapicos e radioterapicos (Calcagno et al., 2010).

Devido ao importante papel das células-tronco na recorréncia do cancer e na
resisténcia as drogas, a identificacdo dos reguladores extrinsecos e intrinsecos, que

controlam a sua proliferagéo e diferenciacdo e de fundamental importancia.
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5.0CT4

O OCT4 (octamer-binding transcription factor 4), € um fator de transcrigcdo
também conhecido como OCT3, OCT3/4, OTF3 ou NF-A3, e ¢é codificado pelo gene
POUS5F1 (Familia POU, classe 5, fator de transcricdo 1) (Zeineddine et al., 2014).

Este fator de transcricdo foi descoberto em 1990, e esta expresso em células-
tronco embrionérias, células germinativas e células-tronco adultas (Seymour, Nowak e
Kakulas, 2015; Curry et al., 2015; Chen et al., 2015).

O OCT4 é um dos fatores responsavel pela auto-renovacdo e manutencdo da
pluripoténcia das células-tronco (Gerrard et al., 2005).

Além de atuar como um regulador essencial da pluripoténcia das células-tronco,
a expressdo do OCT4 permite que as células permanecam no estagio indiferenciado,
podendo se multiplicar infinitamente sem que ocorra a diferenciacdo. No entanto, a
diminuicdo da expressdo deste fator de transcrigdo resulta em diferenciacdo das células-
tronco, e por consequéncia, gera a perda de pluripoténcia (Hammachi et al., 2012)
(Figura 7).

A re-expressdao do gene OCT4 em células de cancer pode ter um importante
papel na carcinogénese, além de fornecer um possivel mecanismo pelo qual células
cancerosas adquirem ou mantém o fenotipo de resisténcia a drogas. Linn et al. (2010)
relacionaram a superexpressao do gene OCT4 com a resisténcia a drogas em linhagem
de céncer de prostata. Além disso, a superexpressao desse gene estava acompanhada da
ativacdo de um conjunto de seus genes alvos, incluindo os fatores de transcrigdo

envolvidos na auto-renovacdo das células-tronco, SOX2 e NANOG.
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Figura 7. Funcdo do OCT4 como regulador da pluripoténcia das células-tronco. A
expressdo do OCT4 permite que as células permanecam no estdgio indiferenciado,
podendo se multiplicar infinitamente sem que ocorra a diferenciacdo. No entanto, a
diminuicdo da expressdo deste fator de transcricdo resulta em diferenciacéo das células-
tronco, e por consequéncia, gera a perda de pluripoténcia. Adaptado de Hammachi et al.
(2012).

Uma vez que trabalhos recentes indicam que o cancer de mama € principalmente
agravado pela resisténcia a terapias devido a presenca das células-tronco tumorais e que
a cura da doenca requer a eliminacdo dessas células, tornam-se interessantes estudos

que visem verificar a acdo de novas drogas contra as células-tronco de cancer.

6. MELATONINA

6.1. Sintese e degradacéo

A melatonina (N-acetil-5-metoxitriptamina), é um hormdnio produzido e
secretado principalmente pela glandula pineal, mas também ¢é sintetizado em menor
quantidade na retina, pele, trato gastrointestinal, células-tronco e linfdcitos (Acufia-
Castroviejo et al., 2014). A melatonina possui diversas funcdes fisiologicas, dentre as
quais se destaca a cronobiologica. Esse hormoénio ¢ considerado um “tradutor
neuroenddcrino” do ciclo circadiano, controlando os padrfes secretorios de diversas

substancias, como o cortisol e adrenalina, atuando sobre os ciclos de atividade-repouso
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e vigilia-sono (Maganhin et al., 2008). Além disso, a melatonina atua sobre o sistema
reprodutor, cardiovascular, sistema imunolégico, crescimento e envelhecimento
(Maganhin et al., 2008).

Sua producédo segue um padrdo ritmico, com pico secretdrio no periodo noturno,
atingindo niveis plasmaticos maximos entre 03:00 e 04:00 horas em humanos, e quase
nenhuma producdo no periodo diurno (Espino, Pariente e Rodriguez, 2012). E
sintetizada a partir da conversdo do aminoacido triptofano em 5-hidroxitriptofano (5-
HTP) pela enzima triptofano hidroxilase 1 (TPH1). O 5-HTP é descarboxilado pela 5-
HTP descarboxilase em serotonina, a qual é acetilada em N-acetilserotonina (NAS) na
reacdo catalisada pela enzima arilalquilamina N-acetiltransferase (AA-NAT). Entéo, a
NAS ¢é convertida em melatonina pela enzima hidroxi-indol-Ometiltransferase
(HIOMT) (Al-Omary, 2013) (Figura 8).
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Figura 8. Esquema representativo da via de sintese da melatonina. Inicio na
conversdo do aminodcido triptofano até o Gltimo passo para a formacdo de melatonina
pela enzima hidroxi-indol-Ometiltransferase (HIOMT). Adaptado de Al-Omary (2013).
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A enzima AA-NAT apresenta um ritmo diario, atingindo concentracdes 100
vezes superiores na fase escura, quando comparado a fase clara. Esta variacgdo ciclica da
AA-NAT faz com que a reducdo dos niveis de serotonina na fase escura seja
acompanhada pelo aumento das concentracdes de NAS e melatonina. A melatonina é
secretada durante a noite em todas as espécies de mamiferos, independente de
possuirem habito diurno ou noturno (Bilu e Kronfeld-Schor, 2013). Sua degradagdo
ocorre principalmente no figado, envolvendo a hidroxilagdo em 6-hidroximelatonina
[6(OH)M], seguida dos processos de sulfatacdo ou glicuronidacdo, e posterior excrecao

na urina (Facciold et al., 2001).

6.2. Receptores da melatonina

Os mecanismos de acdo da melatonina incluem a ligacdo a receptores
localizados na membrana plasmatica, ligacdo a proteinas intracelulares, como a
calmodulina, interacfes com receptores nucleares e atividade oxidante (Jablonska et al.,
2013).

A melatonina pode ligar-se e ativar os receptores de membrana MT1 e MT2
em uma variedade de tecidos (Hill et al., 2009). Receptores MT1 pertencem a
superfamilia de receptores acoplados a proteina G e, quando mediados a subunidade G,
os receptores MT1 inibem a atividade da adenil-ciclase, diminuindo a producdo de
adenosina 3',5'-monofosfato ciclico (CAMP), tornando possivel controlar a atividade das
proteinas quinases (PKC, PKA, MAPK), bem como a expressdo de genes especificos,
envolvidos nos processos de proliferacdo, angiogénese, migracdo e diferenciacdo
celulares (Jablonska et al., 2013). Um terceiro receptor com menor afinidade pela
melatonina é denominado MT3 e sua ativacdo ainda ndo possui papel fisiol6gico
definido, no entanto apresenta 95 % de homologia com a enzima quinona redutase I,
envolvida na detoxificacdo de radicais livres (Foster et al., 2000).

A melatonina também pode atuar por mecanismos independentes de seus
receptores de membrana, exercendo atividade antioxidante diretamente na reducgédo de
radicais livres ou pelo aumento de enzimas antioxidantes. Ainda, por ser lipossoluvel, a
melatonina pode atravessar diretamente a membrana plasmatica e interagir com
proteinas intracelulares, como a calmodulina, e com receptores nucleares RZR/ROR
(receptor Z para retindide/receptor 6rfdo para retindide). Apesar dessa capacidade de

interacdo ainda ser controversa, a ligacdo da melatonina com receptores nucleares
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explica muitas de suas fungdes, inclusive relacionadas a alteracdo de genes envolvidos
na proliferacdo celular e apoptose (Sanchez-Barcel6 et al., 2003).

Uma vez produzida, a melatonina, por ser altamente lipossoluvel, difunde-se
para a corrente sanguinea e posteriormente para orgaos distantes bem como do fluido

cerebroespinhal para o hipotalamo e sistema nervoso central (Proietti et al., 2013).

6.3. Melatonina e cancer

Além de estar envolvida em muitas fungdes fisioldgicas, a melatonina tem um
importante papel em processos patologicos, incluindo o cancer. Os primeiros indicios de
qgue a melatonina poderia ser Gtil na terapéutica oncoldgica surgiram em um estudo
realizado por (Cohen, Lippman e Chabner, 1978). Os autores propuseram que a
diminuicdo da funcdo da glandula pineal poderia aumentar o risco de desenvolvimento
do cancer de mama, sugerindo que a auséncia da sintese de melatonina poderia induzir a
exposicao prolongada ao estrogeno resultando no desenvolvimento do tumor mamario.

Com base nesta teoria, outros estudos demonstraram que a melatonina exerce o
seu efeito oncostatico através de propriedades antiestrogénicas (Cos et al., 2014; Del
Rio et al., 2004). No cancer de mama, a a¢cdo da melatonina € principalmente descrita
em tumores REa-positivos, uma vez que pode interagir com a via de sinalizacdo do
estrdgeno, com maior relevancia em tumores de mama (Cos et al., 2014). Alguns
estudos demonstraram que a melatonina atuou diminuindo a transcri¢do do gene RE em
células MCF-7, inibindo a ligacdo do complexo RE-Estrdgeno ao Elemento de Resposta
de Estrogeno (ERE) no DNA (Del Rio et al., 2004; Lawson et al., 1992; Molis, Spriggs
e Hill, 1994) (Figura 9).
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Figura 9. Mecanismo dos efeitos antiestrogénicos da melatonina. A melatonina atua
inibindo a ligacdo do complexo Receptor de Estrogeno-Estrogeno ao Elemento de
Resposta de Estrégeno (ERE) no DNA, e consequentemente diminuindo a transcricao

do Receptor de Estrégeno. Adaptado de Sanchez-Barcel6 et al. (2003).

Em 1981, Bartsch et al. demonstraram que as concentragcdes de melatonina séo
diminuidas em pacientes com cancer de mama. Desde entdo, diversas pesquisas
confirmaram que os pacientes com cancer de mama estabelecido tém niveis mais baixos
de melatonina mensuravel (Bartsch et al., 1981).

Estudos epidemioldgicos tém revelado elevado risco de cancer de mama em
sociedades industrializadas, sendo que o risco aumenta em mulheres com trabalho
noturno com consequente falta de exposicdo a luz e bloqueio da sintese de melatonina
(Proietti et al., 2013). Na década de 90 alguns estudos clinicos foram realizados,
demonstrando que a utilizacdo da melatonina, em conjunto com terapias convencionais,
apresenta efeitos beneficios em diferentes tipos de tumores avangados intrataveis ou em
pacientes com cancer metastatico, quer seja aumentando a eficacia do tratamento, ou
diminuindo os efeitos colaterais contribuindo com a melhora da qualidade de vida

desses pacientes (Lissoni et al., 1992).
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Desde entdo, tém sido demonstrado que a melatonina inibe o desenvolvimento e
a progressao de diferentes tipos de cancer, e muitos mecanismos de acdo estdo sendo
investigados (Di Bella et al., 2013).

Diversos mecanismos de acdo da melatonina tém sido propostos, incluindo
controle do ciclo celular, pré-apoptotica e anti-proliferativa e indutora da diferenciacéo
celular. Possui importante agdo antioxidante, reduzindo os danos oxidativos provocados
por radicais livres e prevenindo o efeito colateral de tratamentos citotoxicos. Atua ainda
na inibicdo da enzima telomerase, na modulacdo do sistema imune, inibicdo de
proteinas envolvidas na invasdo celular e no processo metastatico (Mediavilla et al.,
2010; Di Bella et al., 2013; Proietti et al., 2013).

No entanto, pouco se sabe quanto a influéncia do tratamento com melatonina na
via do receptor de estrégeno mediada pelo OCT4 em células-tronco tumorais, sendo que
existe apenas um estudo descrito na literatura (Yoo et al., 2011) e nenhum para o cancer
de mama.

Yoo et al. (2011) utilizando células-tronco embrionarias de rato demonstraram
através da expressdo génica do OCT4 que o tratamento com melatonina nestas células
inibiu a proliferacdo e induziu a diferenciagdo celular. Kannen et al. (2011)
demonstraram que o tratamento com melatonina em ratos Wistar com céncer de célon
induzido pelo carcinégeno 1,2-Dimethylhydrazine, reduziu a proliferacdo celular e
induziu a apoptose das células de cancer de célon, possivelmente através da inibicao do
CD133(+), uma glicoproteina que é expressa em células-tronco tumorais. J& Radio,
Doctor e Witt-Enderby (2006) demonstraram que o tratamento com melatonina em
células-tronco mesenquimais adultas estimulou a diferenciacédo destas células.

Com isso, 0s estudos in vitro tém demonstrado o efeito positivo do horménio

melatonina, inibindo a proliferacdo das células-tronco.
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1. OBJETIVOS

Com base na hipoOtese de que o tratamento do cancer de mama pode ser
ineficiente devido a acdo das células-tronco tumorais, e que o controle da doenca requer
a inibigdo dessas células, o objetivo geral deste estudo foi avaliar o efeito da melatonina
na regulacdo do POUSF1 pelo receptor de estrégeno em células-tronco de cancer de
mama apoés a indugdo com o disruptor enddcrino bisfenol A (BPA) e com o estrégeno
(E2).

Objetivos Especificos

e Avaliar os efeitos do estimulo com bisfenol A, do estradiol, ambos disruptores
estrogénicos, e do tratamento com melatonina sobre o crescimento das
mamosferas das linhagens celulares REa-positivo (MCF-7) e Triplo-negativo
(MDA-MB-231);

e Verificar a expressdo génica e protéica do marcador de células-tronco tumorais
OCT4 e do receptor de estrogeno, nas mamosferas das linhagens celulares de
cancer de mama humano ap6s o estimulo com estradiol e bisfenol A e tratamento

com melatonina;

e Auvaliar os efeitos do estimulo com bisfenol e estrogeno e do tratamento com
melatonina sobre a atividade de liga¢do do receptor de estrogeno ao gene OCT4
(POUSF1) das mamosferas da linhagem celular de cancer de mama MCF-7, por

ocupéancia.
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I11. CAPITULOS

Os resultados referentes aos objetivos desta Tese serdo apresentados a seguir na
forma de dois artigos cientificos, conforme as normas de publicagdes especificas de

cada periddico.

Artigo |

Titulo: Evaluation of melatonin effect on human breast cancer stem cells using a

three-dimensional growth method of mammaospheres

Autores: Juliana Ramos Lopes, Mayume da Silva Kavagutti, Felipe Arthur Faustino de

Medeiros, Debora Aparecida Pires de Campos Zuccari

Periddico: Anti-cancer Agents in Medicinal Chemistry, submetido.

Artigo 11

Titulo: Melatonin decreases estrogen receptor binding to estrogen response

elements sites on the OCT4 gene in human breast cancer stem cells

Autores: Juliana Ramos Lopes, David N Arnosti, James Edward Trosko, Mei-Hui Tai,

Debora AparecidaPires de Campos Zuccari

Periédico: Genes & Cancer, submetido.



45

Artigo |




46

Evaluation of melatonin effect on human breast cancer stem cells using a three-

dimensional growth method of mammospheres

Juliana Ramos Lopes', Mayume da Silva Kavagutti?, Felipe Arthur Faustino de Medeiros?,

and Debora Aparecida Pires de Campos Zuccari**

! Postgraduate program in Genetics, Universidade Estadual Paulista, UNESP/IBILCE, S&o
José do Rio Preto, SP, Brazil. Cristovdo Colombo, 2265, Zip code: 15054-000 — Sdo José
do Rio Preto, SP, Brazil.

2 Laboratory of Molecular Research in Cancer (LIMC), Department of Molecular Biology,
FAMERRP, Brazil. Brigadeiro Faria Lima, 5416, Zip code: 15090-000 — Sao José do Rio
Preto, SP, Brazil.

“Evaluation of melatonin on mammospheres”

“ Corresponding author: Dr. Debora Ap. Pires de Campos Zuccari, Laboratory of
Molecular Research in Cancer (LIMC), Faculty of Medicine of Sdo José do Rio Preto
(FAMERP), Brigadeiro Faria Lima, 5416, Vila S&o Pedro, Sdo José do Rio Preto (SP),
Brazil, Zip code: 15090-000. Phone number: + 55 (17) 32015885. e-mail adress:

debora.zuccari@famerp.br



47

Abstract

Background: The high rates of women's death from breast cancer occur due to acquired
resistance by patients to certain treatments, enabling the recurrence and/or tumor growth,
invasion and metastasis. It has been demonstrated the presence of cancer stem cells in
human tumors, as responsible for recurrence and resistance to therapy. Studies have
identified OCT4 as responsible for self-renewal and maintenance of pluripotency of stem
cells. Thus, it is interesting to study potential drugs that target this specific population in
breast cancer. Melatonin, appears to have oncostatic effects on cancer cells, however, little
is known about its therapeutic effect on cancer stem cells. Objective: Evaluate the viability
and the expression of OCT4 in breast cancer stem cells, MCF-7 and MDA-MB-231, after
melatonin treatment. Methods: The cells were grown in a 3-dimensional model of
mammospheres, representing the breast cancer stem cell population and treated or no with
melatonin. The cell viability of mammospheres were evaluated by MTT assay and the
OCT4 expression, a cancer stem cells marker, was verified by immunocitochemistry.
Results: Our results demonstrated that the melatonin treatment decreased the cell viability
of MCF-7 and MDA-MB-231 mammospheres. Furthermore, it was observed that in both
cell lines, the expression of OCT4 was decreased in melatonin-treated cells compared to
the control group. Conclusions: This fact suggests that melatonin is effective against
breast cancer stem cells inhibiting the cell viability via OCT 4. Based on that, we believe

that melatonin has a high potential to be used as an alternative treatment for breast cancer.

Keywords: Mammospheres, breast cancer, OCT4, melatonin, immunocytochemistry and

three-dimensional.
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Introduction

Breast cancer is the second most common cancer worldwide, behind only of non-
melanoma skin cancer [1]. The early diagnosis of disease improved the life quality of
patients and have enabled the decline in deaths. Despite the decline in deaths, incidence
rate remains high due to the resistance to breast cancer therapy which leads to the
recurrence and/or tumor growth, invasion and metastasis [2]. The tumors are classified into
cancer stem cells (CSCs) and tumor cells [2]. The CSCs population are considered as a
small population in the tumor mass that are involved in the maintenance of tumor growth,
metastasis and drug resistance [3]. The first evidence of the existence of tumor stem cells
in human tumors comes of breast cancer studies [4]. The high invasiveness of breast cancer
was detected in cells expressing the stem cell properties [5]. CSCs can divide indefinitely,
by maintaining at least some of the properties of the tumor tissue of origin [6]. The
expression of some transcription factors, including OCT4, also known as POUS5FL, is
associated with stemness in various tissues and has allowed the identification of cancer
stem cells [2]. The octamer-binding transcription factor 4 (OCT4) is one of the responsible
for self-renewal and maintenance of pluripotency of embryonic stem cells [7]. The
POUSFL1 gene is express in adult human stem cells, nontumorigenic cells, tumor cells and
cell lines [8]. Since recent studies indicate that breast cancer is especially aggravated by
CSCs, is of great interest the discovery of new therapeutic agents that can act against this
cancer population. Melatonin (N-acetyl-5-methoxytrypamine), a natural hormone mainly
secreted by the pineal gland seems to play an important role in the regulation of neoplastic
cell growth [9]. Oncostatic properties of melatonin are relevant on a number of tumor types
and especially on estrogen-dependent mammary tumors [10]. The effects of melatonin on
estrogen-responsive breast cancer cell lines has been shown by in vivo and in vitro studies
[11][12]. These studies confirm that oncostatic action of melatonin on hormone-dependent
mammary tumors occurs through interaction with estrogen receptors [13][10].
Furthermore, several studies have suggested another mechanisms of melatonin oncostatic
action on cancer cells as follow: regulation of circadian rhythms, enhancement of the
immune response, enhancing DNA stability, antioxidant activity, inhibition of
angiogenesis, increasing tumor suppressor p53, stimulation of apoptosis, increasing IGF-1,

binding to calmodulin, inhibition of aromatase expression [14][15][16][17]. However,
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there are few scientists that study the oncostatic effect of melatonin on cancer stem cells
[18][19][20] and only one study for breast cancer [21]. Thus, the aim of this study was
evaluate the cell viability of MCF-7 and MDA-MB-231 mamospheres after melatonin
treatment by MTT assay and verify the melatonin effect on such cells by

immunocytochemistry for the antibody anti-OCT4, a stem cell marker.

Material and Methods

Cell culture

This study was performed using human breast cancer cell lines MCF-7 (ERapositive)
(ATCC, Manassas, VA, USA) and MDA-MB-231 (ERa-negative) (ATCC, Manassas, VA,
USA). Both cell lines were grown in Dulbecco’s modified Eagle’s medium (DMEM) high
glucose (4.5 g/L) (GIBCO, Grand Island, NY, USA) supplemented with 10% fetal bovine
serum (FBS) (GIBCO), 2 mM L-glutamine (GIBCO), and 1% antimycotic and antibiotic
(GIBCO). All cell lines were cultured in a humidified incubator with 5% CO2 at 37°C.
When the cells reached 80-100% of confluence were plated to the 6-wells ultra low
attachement plates for the mammospheres growth. In the same time, the cells received
treatment with melatonin for 7 days. In the end, the cell viability were analyzed by MTT
assay and the expression of OCT4 were verified by immunocytochemisty.

The 3-dimensional growth of mammospheres was conducted following the technique
described by Qu et al. [22] in which the cells were grown in Mammocult culture medium
(StemCell Technologies) containing hydrocortisone, heparin and Mammocult proliferation

supplement (StemCell Technologies).

Cell viability assessment by MTT 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium
bromide assay

The cell viability potential of cells treated or not with melatonin (Sigma-Aldrich, St. Louis,
MO, USA) was measured using a 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium
bromide (MTT) assay (Vibrant MTT Cell Proliferation Assay Kit; Molecular Probes,
Eugene, OR, USA). Briefly, MCF-7 and MDA-MB-231 cells from the mammospheres
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were plated at a density of 5 x 10* cells/ well in 96-wells plates in 100 pL DMEM with 2%
FBS. Then, the cells were treated with different concentrations of melatonin (Sigma-
Aldrich, St. Louis, MO, USA) (0,5 mM, 1 mM, 2mM, 5 mM and 10 mM) for 7 days.
Melatonin was diluted in ethanol (0.01%). In control cells, equivalent amount of ethanol
was added as vehicle. Thereafter, 10 pL of MTT solution was added to each well and the
plates were incubated at 37°C for an additional 4 h. To solubilize the MTT formazan
crystals, the cells were incubated with dimethyl sulfoxide (DMSO) (Sigma-Aldrich) for 10
min. The absorbance of each well was measured using a 570 nm Multiskan FC (Thermo
Fisher Scientific, Waltham, MA, USA). Cell viability (%) was calculated for all groups
compared to control cells and performed in triplicate. Based on the results of MTT assay,
two treatment groups were established: group | (control) containing only cells in culture

medium with vehicle (0.01% ethanol) and group Il containing 1 mM of melatonin.

Immunocytochemistry

To confirm the efficacy of the treatment with melatonin, immunocytochemistry assay was
performed for the anti-OCT4 antibody. For the procedure, two treatment groups were
established: Group I (control cells) and group Il treated with 1 mM of melatonin. Thus, the
MCF-7 and MDA-MB-231 cells from mammaospheres were incubated for 24 h. Initially,
the whole content was taken from the bottles and the cells were washed with
phosphate buffered saline (PBS). They were then fixed with formaldehyde 4% and rinsed
with PBS. After that, the slides were incubated with 3% hydrogen peroxide for 30 min.
Antigenic recovery was carried out in a recipient at 95°C in buffer for 35 min and then the
slides were covered with bovine serum albumin (BSA) and incubated with the anti-OCT4
primary antibody (1:1000, Abcam). After cooling, the slides were covered with BSA for 30
min and incubated at 4°C overnight with the antibody. In the next stage, they were
stabilized at room temperature, washed with PBS buffer solution, and incubated with the
EasyPath kit (Erviegas, Sdo Paulo, SP, Brazil) containing the secondary antibody
(biotinylated, rabbit, goat immunoglobulins). They were once again rinsed with PBS and
incubated with the peroxidase-streptavidin conjugates and then rinsed with PBS. The result

was revealed using chromogenic substrate (DAB; Signet Laboratories), 1 drop/ml and
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hematoxylin for counterstaining. By the end, the expression of the octamer-binding
transcription factor 4 (OCT4) was analyzed.

Evaluation of Immunocytochemical Staining by Optical Densitometry

Various fields were examined on each slide, especially the areas delimited with brown
staining. The slides were photographed, and protein was quantified by ImageJ software in
the objective lens 40 x of Nikon Eclipse E200 microscope. For each slide, 3 photos were
taken, scoring 20 points in each, totaling 60 points for the calculation of the average
relative intensity of immunoreactivity. The values were obtained as Arbitrary Units (AU),
and the Mean Optical Density (MOD) revealed the intensity of staining in specifically

immunoreactive areas.

Statistical Analysis

The cell lines were separated in two groups, according to the treatments (control and
melatonin). First, the results were submitted to analysis of normal distribution using
Column statistics and the Gaussian distribution test. The average of cell viability were
subjected to analysis of variance (ANOVA), followed by Bonferroni’s test. The
immunohistochemistry analyses were performed following the Student's t test. All values
were expressed as the Mean + Standard Error of triplicate experiments. The value of p <
0.05 was considered statistically significant. All analyses were performed using GraphPad
PRISMS5 software (GraphPad Software, Inc., La Jolla, CA).

Results

Effects of melatonin treatment on mammopheres viability

The cell viability assay was performed in the MCF-7 and MDA-MB-231 mammospheres
treated or no with melatonin. For the MCF-7 mammospheres, the results demonstrated that
there was a significant reduction in cell viability in all tested concentrations of melatonin
(p < 0.05; Figure 1 A). Additionally, when treated with 1 mM of melatonin occurred a
reduction of 50.62% in viability compared to control cells, being considered the optimal
concentration for cell treatment (p < 0.05; Figure 1 A).
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For the MDA-MB-231 cell line results showed a reduction in cell viability in most
melatonin concentrations tested, except for the concentration of 0.5 mM (Figure 1 B).
However, only the concentration of 1 mM of melatonin was able to significantly reduce the
viability of MDA-MB-231 mammospheres in 50.13% compared to the control group, and
was considered the best concentration for the treatment (p < 0.05; Figure 1 B).
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Figure 3. Evaluation of cell viability by MTT 3- (4,5-Dimethylthiazol-2-yl) -2,5-
diphenyltetrazolium bromide assay of breast cancer cell lines grown in 3-dimensional
mammospheres method after 7 days of treatment with melatonin (0.5 mM, 1 mM, 2 mM, 5
mM and 10 mM). Data are expressed as a percentage of the control group. (A) Analysis of
cell viability in the MCF-7 mammospheres and (B) Analysis of cell viability in the MDA-
MB-231 mammaospheres. The white column corresponds to the control group. Each
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column represents the mean + standard error of triplicate experiments. *Significant value
in ANOVA followed by Bonferroni’s test (p < 0.05).

Effects of melatonin on OCT4 protein expression

To verify if melatonin treatment has effect on cancer stem cells, immunocytochemistry
followed by the quantification of immunostaining by optical densitometry was used to
detect the OCT 4 protein expression, a marker of cancer stem cells. The results were
obtained in Arbitrary Units (AU) and demonstrated the value of the Mean Optical Density
(MOD) + standard error. For the assay, MCF-7 and MDA-MB-231 cells were grown in
Mammocult medium for the mammospheres growth. After that, two treatment groups were
established: Group | (control) and group Il treated with 1 mM of melatonin. The results
demonstrated that in both cell lines MCF-7 and MDA-MB-231 cells, there were a
statistically significant decrease in immunostaining of OCT4 in cells treated with

melatonin, when compared to the control group (p < 0.05; Figure 2 and 3).
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Figure 2. Analysis of the octamer-binding transcription factor 4 (OCT4) protein
expression by immunocytochemistry, showing MCF-7 cells after 7 days of melatonin
treatment (1 mM). (A) Untreated Cells — control group. (B) Cells treated with melatonin.
(C) Statistical analysis of protein expression of OCT4 in the study groups. Images were
taken with 40X magnification. Scale bar = 20 um. The values of mean optical density and
standard error for each group are shown in arbitrary units (au). All the experiments were
done in triplicate. *p < 0.05 statistically significant difference when compared to control

group by Student's t test.
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Figure 3. Analysis of the octamer-binding transcription factor 4 (OCT4) protein
expression by immunocytochemistry, showing MDA-MB-231 cells after 7 days of
melatonina treatment (1 mM). (A) Untreated Cells — control group. (B) Cells treated with
melatonin. (C) Statistical analysis of protein expression of OCT4 in the study groups.
Images were taken with 40X magnification. Scale bar = 20 um. The values of mean optical
density and standard error for each group are shown in arbitrary units (au). All the
experiments were done in triplicate. *p < 0.05 statistically significant difference when

compared to control group by Student's t test.

Discussion

In this study, we tested the capacity of melatonin to decrease cell viability of
mammospheres, assuming its oncostatic function. Using breast cancer cell lines, ERa-
positive (MCF-7) and triple-negative (MDA-MB-231), cultured in a 3-dimensional model
of mammospheres, representing the population of breast cancer stem cells, our results
demonstrated that pharmacological melatonin concentration (1 mM) decreased the viability
of breast cancer stem cells ERa-positive (MCF-7) and triple-negative (MDA-MB-231).
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The cells cultured in a 3- dimensional model of mammospheres can be used to detect
agents that inhibited the growth of human breast carcinoma cells [23]. In the same way,
Cos and collaborators (1990) [21] showed that melatonin treatment decreased the cell
proliferation of MCF-7 breast cancer stem cells. Although some studies with epithelial cell
lines have demonstrated that melatonin may act in REa-negative cell lines [24][25], its
anti-proliferative action has been described mainly in breast cancer cell lines ERa -positive
[26][27]. Jardim-Perassi and collaborators (2014) [28] demonstrated that melatonin
treatment (1 mM) in breast cancer cell lines MCF-7 (estrogen receptor positive), was able
to reduce the viability of these cells, suggesting that melatonin can be considered an
antiestrogenic drug. The mechanisms by which the hormone inhibits cell proliferation are
diverse, can occur in a direct manner by binding to membrane receptors and change the
lipid metabolism, as well as by indirect pathway, for stimulating the immune system and
inhibition of estrogen production [29].

Melatonin also acts in some cancer cells, reducing their invasive and metastatic state,
through changes in adhesion molecules and maintenance of intercellular communications.
Another possibility that has recently been studied are the effects of melatonin on the
molecular markers of stem cells [30][18][19]. However, few studies have evaluated the
action of melatonin on the molecular markers of cancer stem cells [18][31] and none for
breast cancer stem cells. In the present study, using the OCT4, a cancer stem cell marker,
we treated the mammospheres with 1 mM of melatonin for 7 days and we found that
melatonin treatment caused a significant decrease in expression of OCT4 in both cell lines,
ER-positive cells (MCF-7) and in ER triple-negative cell lines (MDA-MB-231). Ponti and
collaborators (2005) [5] showed that breast cancer cell lines that grown as spheroids
expressed the transcription factor OCT4. These gene is critically involved in the self-
renewal and maintaining stem cell pluripotency [31][32][33]. The expression of OCT4 has
an important role in carcinogenesis and provides a possible mechanism by which cancer
cells acquire or maintain the resistance to therapy [34]. In accordance with our study,
Martin and collaborators (2014) [31] showed that melatonin treatment decreased glioma
stem cells proliferation accompanied by a reduction in the expression of the stem cell
marker OCT4. Kannen and collaborators (2011) [18], using another cancer stem cell

marker, demonstrated that melatonin treatment in rats with colon cancer induced by a
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carcinogen 1,2-dimethylhydrazine reduced cell proliferation and induce apoptosis of colon
cancer cells, possibly through inhibition of CD133 (+), a glycoprotein who is expressed on
tumor stem cells. Similarly, Yoo and collaborators (2011) [19] using embryonic stem cells
of mice also demonstrated through the expression of OCT4 gene that treatment with
melatonin in these cells inhibited proliferation and induced cell differentiation. These
findings suggest that melatonin may act on cancer stem cells through inhibition of OCTA4.

Conclusion

Our study suggest that melatonin is effective in the treatment of breast cancer stem cells
ERa-positive (MCF-7) and triple-negative (MDA-MB-231), indicating that melatonin
treatment may affect the cancer stem cells viability via inhibition of the transcription factor
OCT4. Based on our results, we believe that melatonin has a high potential to be used as an

alternative treatment for breast cancer.
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Abstract

Cancer stem cells (CSCs) pose a challenge in cancer treatment, as these cells can drive tumor growth
and are resistant to chemotherapy. Melatonin exerts its oncostatic effects through the estrogen
receptor (ER) pathway in cancer cells, however its action in CSCs is unclear. Here, we evaluated the
effect of melatonin on the regulation of the transcription factor OCT4 (Octamer Binding 4) by
estrogen receptor alpha (ERa) in breast cancer stem cells (BCSCs). The cells were grown as a cell
suspension or as anchorage independent growth, for the mammospheres growth, representing the
CSCs population and treated with 10 nM estrogen (E2) or 10 uM of the environmental estrogen
Bisphenol A (BPA) and 1 mM of melatonin. At the end, the cell growth as well as OCT4 and ERa
expression and the binding activity of ERa to the OCT4 was assessed. The increase in number and
size of mammospheres induced by E2 or BPA was reduced by melatonin treatment. Furthermore,
binding of the ERa to OCT4 was reduced, accompanied by a reduction of OCT4 and ERa expression.
Thus, melatonin treatment is effective against proliferation of BCSCs in vitro and impacts the ER

pathway, demonstrating its potential therapeutic use in breast cancer.

keywords: melatonin, estrogen receptor, chromatin immunoprecipitation, three-dimensional growth,

mammospheres.
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Introduction

Approximately 80% of breast tumors are classified as ER positive and is correlated with better
prognosis and a greater response to hormonal therapy [1]. ER positive tumors use steroid hormone,
estradiol [E2], as their main growth stimulant, therefore ER is the direct target of endocrine therapies
[2]. Many chemicals can mimic the biological functions of E2, contributing to the initiation or
progression of cancer [3]. These environmental estrogens include Bisphenol A (BPA) is widely used
in industry for the manufacture of polymers such as polycarbonate and films used in food containers
[4]. BPA activates the transcription of genes responsible for the increase in cell proliferation of the
breast cancer cells [5]. In light of high rates of breast cancer, it has become vital to understand the
action of new drugs that might be effective against this disease.

The melatonin hormone appears to have an oncostatic effect in different types of cancers [5, 6]. This
effect is seen on hormone-dependent tumors, and its action has greater relevance in breast tumors [7].
A suggested mechanism was that melatonin decreases transcription of the ER gene in MCF-7 cells,
leading to reduced levels of the ER-estrogen complex binding targets in the genome [8-10].
However, the action of melatonin on the ER pathway has not been well studied in cancer stem cells,
especially for breast cancer stem cells (BCSCs) [11-12]. Such cancer stem cells are able to re-
initiating tumor growth, being responsible for tumor recurrences, metastasis and drug resistance [13].
From studies of cancer stem cells, the transcription factor OCT4, encoded by the POU5F1 gene, was
found to be a critical factor for self-renewal and maintenance of pluripotency of stem cells [14, 15].
Based on the idea that breast cancer treatment is particularly complicated by cancer stem cells, and
that the control of the disease requires the inhibition of these cells, the objective of this study was to
evaluate the effect of melatonin on regulation of the OCT4/POUSF1 by the ERa in BCSC after

induction with tumor initiation chemical BPA and with E2.

Results

Effect of melatonin on cell suspension and anchorage independent growth (AIG)

To evaluate the effect of melatonin on mammospheres treated with BPA and E2, two methods of 3-
dimensional growth were performed (cell suspension and AIG). For the cell suspension and AIG

technique, the results were similar (Fig. 1 A, B).
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A B
) Day0 ) Day0

Fig. 4. MCF-7 cells grown in 3-dimensional mammaospheres, treated with E2 and/or BPA with or
without melatonin. (A) Cell suspension treated for 6 days. (B) Anchorage Independent Growth (AIG)
treated for 14 days. The magnification was 40 X.

The treatment with 10 nM E2 and 10 uM BPA without melatonin increased significantly the number
and the size of the mammospheres when compared with the control group (Fig. 2 A, B) in both
technique. On the other hand, 1 mM of melatonin decreased significantly the number and size of
mammospheres when compared with the cells treated with E2 and BPA (Fig. 2 A, B). Furthermore,
when the cells were stimulated by E2 and BPA and treated with melatonin concomitantly, there was a
greater reduction in the number and size of mammospheres (Fig. 2 A, B).
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Fig. 2. Effect of E2 and/or BPA with or without melatonin on MCF-7 mammospheres. (A) Size of
mammospheres. (B) Number of mammospheres. Significant value in ANOVA followed by
Bonferroni’s test (*P < 0.05).

Effect of melatonin on interaction of estrogen receptor with POU5F1 gene

In order to analyze the effect of melatonin on estrogen receptor binding to the PO5F1 gene, we
carried out the Chromatin Immunoprecipitation assay. The results showed that mammospheres
treated with 10nM E2 increased significantly the binding of ER to ERE sites at -3544 kb of OCT4
promoter region with similar level when compared to pS2, and the same occurred when treated with
10uM BPA (Fig. 3). On the other hand, the cells stimulated by 10nM E2 or 10uM BPA and treated
with ImM melatonin showed decreased binding of ER on OCT4 promoter (Fig. 3). In respect of the
group treated with E2+BPA, the binding of ERa to ERE sites on OCT4 region was highly increased
when compared to control and with similar level to pS2 (Fig. 3). However, when the cells were
stimulated by E2+BPA and treated with melatonin concomitantly, occurred a decrease in the binding

of ERa on OCT4 promoter site when compared to control and with the E2 + BPA group (Fig. 3).
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The another putative binding site at -1999 kb showed a slight increase of ER binding, when treated
with E2 and/or BPA, however, the enhancement of binding level was very low and when treated with

melatonin this enhancement was decreased (Fig. 3).
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Fig. 3. Chromatin immunoprecipitation to verify the binding activity of ER to the putative ERE
sequences in OCT4 transcription site (OCT4 -1999 and OCT4 -3544) after treatment with E2 and/or
BPA with or without melatonin in mammospheres. Significant value in ANOVA followed by
Bonferroni’s test (*P < 0.05).

Impact of melatonin on transcription of the ER and POU5F1 genes

In order to examine the effects of melatonin on transcription of the ERa and POU5SF1, the expression
of these genes were measured. As expected, cells treated with E2 or BPA exhibited increased levels
of transcript for OCT4 and ERa (Fig. 4 A, B). Combined treatment of E2 and BPA showed an even
greater increase of OCT4 and ERa gene expression (Fig. 4 A, B). Melatonin treatment had the
opposite effect; levels of ERa mRNA were sharply decreased in cells treated with melatonin alone, or
in combination with either E2 or BPA (Fig. 4 B). Interestingly, the decrease was much more modest,
though still significant, for cells treated with both E2 and BPA (Fig. 4 B). Melatonin had a similar but
less dramatic impact on OCT4 transcript levels (Fig. 4 A).

Impact of melatonin on expression of ER and OCT4 proteins

Also, we tested the impact of estrogen, BPA and melatonin on ER and OCT4 protein levels in these
cells. E2 and BPA significantly raised levels of ERa protein, although the combination was no more
effective than either alone (Fig. 4 C, D). Melatonin alone had no discernible impact on protein levels,
despite the decrease in transcript level noted above. ERa protein levels were generally decreased in

all cells treated with melatonin, but the extent of decrease did not closely mirror the changes in
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mRNA levels, suggesting that additional levels of regulation may be impacting ERa levels.
Melatonin similarly decreased levels of OCT4 protein (Fig. 4 C); the decrease was quite significant
in cells treated with melatonin alone, where no significant change in ERa protein levels had been
noted, and only slight changes in OCT4 transcript levels had been observed, suggesting that
regulation of protein levels of OCT4 may be controlled at a translational and/or post-translational
level (Fig. 4 C, D). OCT4 protein levels were also decreased in cells treated with E2 and/or BPA,
although not as dramatically, thus the elevated levels of ERa may contribute to increased expression

of OCT4 protein through the transcriptional effects noted above (Fig. 4 C).
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Fig. 4. Analysis of OCT4 and ER gene and protein expression after treatment with melatonin, E2 and
BPA. (A) OCT4 gene expression. (B) ER gene expression. (C) OCT4 protein expression. (D) ER
protein expression. The gene expression values were log10 represented and protein expression values
were represented in relative levels. OCT4 and ER protein levels were normalized to B-actin protein,
shown in the boxes. Significant value in ANOVA followed by Bonferroni’s test (*P < 0.05).
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Discussion

The purpose of our study was to evaluate the melatonin effect after the induction with tumor
initiation chemical BPA and E2 in MCF-7 cells using two different techniques of three-dimensional
growth of mammospheres (cell suspension and AIG), representing the CSCs population. The growth
in a three-dimensional (3D) model creates an artificial tumor environment where the cells segregate
properly to form components of adult tissues analogous to the corresponding found in vivo [2]. This
type of cell culture can be used to detect agents that affect the growth of breast cancer stem cells [2].
Our results demonstrated that the treatment with 10nM E2 or 10uM BPA increased the number and
the size of the mammaospheres in both technique. On the other hand, 1ImM melatonin decreased the
number and size of mammospheres treated with 10nM E2 or 10uM BPA. It was suggested the
involvement of E2 and BPA in the initiation and progression of breast cancer, increasing the cell
proliferation rate [17]. MCF-7 BCSCs treated with E2 and BPA, showed an increase in cell
proliferation rate [18, 19].

Estrogen exposure has been strongly linked to breast cancer risk. Women who have had hormone
replacement therapy with estradiol have an increased risk of develop breast tumors, consistent with
the established relationship between estrogen and breast cancer [20]. Environmental factors may
similarly impact the risk of breast cancer; for instance, the estrogenic actions of BPA have been
shown in studies where the compound activated estrogen receptors and stimulating the growth of
MCF-7 breast cancer cells [21, 22]. From these studies, it is has been suggested that this compound
may play a role in the initiation of breast cancer. Conversely, melatonin has been shown to inhibit the
proliferation of estrogen-responsive MCF-7 human breast cancer cells [23]. Cos et al. [24]
demonstrated the action of melatonin in BCSC, the authors verified that melatonin treatment
decreased the number and size of mammaospheres. Melatonin administration has also been reported to
block estradiol induced proliferation of MCF-7 cells [25, 26]. However, no studies have examined
the possible effect of melatonin on breast cancer stem cells that were simultaneously treated with
with BPA and E2, as might be expected to happen in natural settings.

We find that melatonin antagonizes the effects of estrogen and BPA; previous studies indicated that
this hormone reduces ER binding activity. To determine whether these effects may influence stem
cell growth through regulation of the POU5F1 gene, we looked at direct regulation of the gene by
ERa. We found increased binding of ERa to ERE sites of the POUSF1 promoter region in
mammospheres treated with E2 or BPA. This binding was reduced upon melatonin treatment. OCT4,
the product of POU5F1, controls the self-renewal and pluripotency of stem cells and is expressed in
germ cells, embryonic stem cells and human stem cells [27, 28]. Our findings are similar to those of

Jung et al. [2], who also showed that MCF-7 mammospheres treated with E2 exhibited increased the
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binding of ERa to the ERE site of POUSF1 at -3544 kb. However, in contrast to our findings, BPA
has not changed the binding activity, suggesting that act through different mechanisms on the MCF-7
cells. Rato et al. [25] observed that MCF-7 cells stimulated with estradiol have a high binding activity
of estradiol-estrogen receptor complexes (E2-ER) to the estrogen-responsive elements (ERE) in the
DNA, which was inhibited by treatment with melatonin. Assuming that melatonin decreased the
binding of estradiol to the estrogen receptor, impeding the complexes (E2-ER) formation and,
consequently, the binding to the ERE in the DNA. Woo et al. [29] in 2001, also suggested that
melatonin suppressed the action of E2, preventing estradiol binding to the estrogen receptor,
confirming the participation of melatonin in the estrogen signaling pathway.

In our study, we showed that E2 or BPA treatment upregulated OCT4 and ERa transcript and protein
levels. Concomitant treatment with melatonin reduced OCT4 and ERa transcript and protein
expression to varying degrees. The action of melatonin on the ER pathway was reported Kiefer et al.
[30], the MCF-7 cells were transfected with an estrogen response element (ERE) and treated
with melatonin and E2. They demonstrated that melatonin decreases ERa mRNA and protein levels.
Therefore, it is suggested that melatonin acts in the ER levels, decreasing its activity.

The effect of melatonin on the OCT4 via was reported in one study [12], however, there are no
studies that evaluated the action of melatonin on OCT4 in cancer stem cells. As opposed to this
study, in 2011, Yoo et al. [12] demonstrated that melatonin did not change the expression of OCT4
gene in murine embryonic stem cells. Kannen et al. [11] demonstrated that treatment with melatonin
in rats with colon cancer induced by a carcinogen 1,2-dimethylhydrazine, reduced cell proliferation
and induce apoptosis of colon cancer cells, possibly through inhibition of CD133 (+), a glycoprotein
which is expressed on tumor stem cells. OCT4 expression is important to the carcinogenesis process
and its action may allow cancer cells to acquire or maintain the chemotherapy resistant phenotype.

In conclusion, our results show that melatonin counteracts the effects of E2 and BPA treatment on
mammosphere growth as well as the expression of ERa and the stem cell marker OCT4. Our data
suggests that the effect of melatonin on POU5SF1 (OCT4) may be in part a reflection of its impact on
expression and activity of the estrogen receptor in BCSC. Due to the highly aggressive potential of
cancer stem cells and of their resistance to cancer therapies, it is therefore of great interest to pursue
the study of new drugs that act directly on this tumor population. These studies, in addition, provide a
mechanistic explanation for the epidemiological observations on the risk to breast cancers in the
decrease of melatonin production due to the loss of sleep at night. Our findings of the action of

melatonin are therefore relevant to this field of cancer studies.
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Material and methods

Cell culture

The breast cancer cell line MCF-7 was obtained from ATCC (American Type Culture Collection,
Manassas, VA, USA). The cells were grown at 5 % CO, at 37 °C in DMEM (E) (Invitrogen,
Carlsbad, CA) with 10 % Fetal Bovine Serum (FBS), penicillin (100 IU/mL) and streptomycin (100
mg/mL). When the cells reached 90% - 100% confluence, were grown in two methods of 3-
dimensional mammospheres, cell suspension and Anchorage Independent Growth (AIG).

The treatment with melatonin in both methods was done according to (Borin et al, 2015) and

treatment with E2 and BPA was according to (Jung et al, 2011).

Cell suspension

A total of 1 X 10* cells diluted in 2 ml of DMEM (E) were plated on top of 2 ml of prehardened 1%
agarose diluted in Phosphate-buffered saline (PBS) in each well of 6 wells plates. Simultaneously,
the cells received the treatments for 6 days according to the following groups: I. Control (treated with
vehicle); Il. 1 mM Melatonin (M) (Sigma-Aldrich, St. Louis, MO, USA); Ill. 10 nM Estradiol (E2)
(Sigma-Aldrich, St. Louis, MO, USA); IV. E2+M; V. 10 uM Bisphenol A (BPA) (Sigma-Aldrich, St.
Louis, MO, USA); VI. BPA+M; VII. E2+BPA; VIIl. E2+BPA+M. Melatonin, BPA and E2 were
diluted in ethanol 100%. In control cells, equivalent amount of ethanol was added as vehicle. At the
end, the number and size of the MCF-7 mammospheres were measured. These treatment conditions
were used for Chromatin immunoprecipitation (ChlP), quantitative RT-PCR analysis (QPCR) and

western blotting.

Anchorage Independent Growth

A total of 5 X 10* cells diluted in 3 ml of 0.33% agarose medium were grown on top of 3 ml of
prehardened 0.5% agarose medium in each of triplicate dishes (6 cm). Simultaneously, the cell
treatment was performed for 2 weeks according to the following groups: I. Control (treated with
vehicle); 1. 1 mM of Melatonin (M); 11l. 10 nM Estradiol (E2); IV. E2+M; V. 10 uM Bisphenol A
(BPA); VI. BPA+M; VII. E2+BPA; VIII. E2+BPA+M. Melatonin, BPA and E2 were diluted in
ethanol 100%. In control cells, equivalent amount of ethanol was added as vehicle. At the end, the

number and size of the MCF-7 mammospheres were scored.

Chromatin Immunoprecipitation (ChIP)
To verify if ER bound to ERE sites on OCT4 promoter region, the ChIP assay was performed after

E2 and BPA addition, with or without melatonin. For the assay, 5 X 10° MCF-7 mammospheres were
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grown in cell suspension and treated with 10 uM BPA and 10 nM E2 with or without 1 mM
melatonin for 6 days. After 6 days, cells were crosslinked with 1% formaldehyde for 30 min. Then,
cells were pelleted and washed sequentially in PBS (pH 7.4), buffer 1 (10 mM HEPES [pH 6.5], 10
mM EDTA, 0.5 mM EGTA, 0.25% Triton X-100) and buffer 1l (10 mM HEPES [pH 6.5], 1 mM
EDTA, 0.5 mM EGTA, 150 mM NaCl. The pellet was then suspended in lysis buffer (50 mM Tris,
pH 8.0, 10 mM EDTA, 1% sodium dodecyl sulfate [SDS], 0.5 uM phenylmethylsulfonyl fluoride, 1
MM pepstatin A, 1 mM sodium bisulfite, 1 mM benzamidine, 1 mM dithiothreitol). Cells were
sonicated seven times 10 pulses each round in lysis buffer using a Branson Sonifier 450D with
microtip (Branson, Danbury, CT). After sonication, ChIPs were performed using anti-ERa (sc-8002.
SantaCruz Biotechnologies) or rabbit nonspecific IgG (Santa Cruz Biotechnology) overnight at 4°C.
Immunoprecipitations were performed with ChIP dilution buffer (20 mMTris [pH 8.0], 2 mM EDTA,
1% Triton X-100, 0.5 uM phenylmethylsulfonyl fluoride, 1 mM DTT) containing 150 mM NacCl. 40
ul of Protein A-agarose beads were then added, and the mixture was rocked for 4 h at 4°C. After a
brief centrifugation, the immunoprecipitated material was washed sequentially in TSE buffer
(20mMTris, pH8.0, 0.1% SDS, 2 mM EDTA, 1% Triton X-100), TSE buffer plus 250 mM NacCl, and
TSE buffer plus 500 mM NacCl and in buffer 111 (10 mM Tris, pH 8.0, 1 mM EDTA, 0.25 M LiCl,
1% NP-40,1% deoxycholate). Beads were then washed in TE buffer (20 mM Tris, pH 8.0, 2 mM
EDTA), and protein complexes were eluted in 300 pl of 0.1 M NaHCO3, 1% SDS. Cross-links were
reversed overnight at 65°C. qRT-PCR was performed on the DNA extracts for ER, Input and 1gG
control using SYBR Green Master Mix reagents with an ABI 7500 sequence detection system.
Enrichment of ERa at target genes promoters was examined using the following primers: OCT4 -
3544 forward (TCC TCC CAG CTC ACC CAC TCC), OCT4 -3544 reverse (TCT CCC CCA TGA
GCC CTG CA), OCT4 -1999 forward (GAC AGC TGG CCA CGG GAC AC) and OCT4 -1999
reverse (AGG CCA GGT CTG GAC TGG GC). As positive control, we used a well-characterized
ER binding site on the pS2 promoter: pS2 forward (CCT GCA AGG TCA CGG TGG CC) and pS2
reverse (GGC CCT CCC GCC AGG GTA AA).

RNA Extraction and Gene Expression Analysis Using Quantitative Real Time PCR (qPCR)

To verify the OCT4 and ERa expression levels after E2 and BPA treatment with or without
melatonin, we performed qPCR. For the assay, 0.5 X 10° MCF-7 mammospheres were grown in cell
suspension and treated with 10 uM BPA and 10 nM E2 with or without 1 mM melatonin for 6 days.
After 6 days, total RNA was extracted from the mammospheres using trizol reagent and the cDNA

was synthesized using Super Script Il Reverse Transcriptase (Invitrogen) in a total volume of 20 pl.
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The quantitative expression was performed through RT-PCR in triplicate, using Step OnePlus System
(Applied Biosystems, Foster City, CA, USA) and a negative control was included in each reaction.
PCR reactions contained 4 pl of cDNA (100 ng), 10 pl of SYBR Green Master Mix, 4 pl of DEPC
water and 2 pl of primers for OCT4, ERa and ACTB were performed. Primers sequences were as
follows: ERa- F, CGT CGC CTC TAA CCT CGG, ERa- R, CCC AGA TGC TTT GGT GTG GA,
OCT4- F, CTC TGC AGA TTC TGA CCG CA, OCT4- R, CAT GGG TGA GGG TAG TCT GC
and ACTB —-F, CAC AGA GCC TCG CCT TTG C and ACTB — R, GCG CGG CGA TAT CAT
CAT CC. The levels of mRNA of the POU5F1 and ER genes were normalized to ACTB gene as an
internal control of expression. The relative gene expression was measured by the AACt method. The
value of Relative Quantification (RQ) of the control group (used as reference) was established as the

unit for analysis of the expression of OCT4 and ER.

Western blotting

To measure the effect of E2, BPA and melatonin treatment on OCT4 and ER protein expression, 5 X
10°> MCF-7 mammaospheres were grown in cell suspension and treated with 10 pM BPA and 10 nM
E2 with or without 1 mM melatonin for 6 days. After 6 days, mammospheres were harvested and the
pellet was snap-frozen in liquid nitrogen. Cell extracts were thawed in lysis buffer (50 mM Tris HCI,
pH 8.0, 150 mM NacCl, 1% Triton X-100) and centrifuged. The supernatant was used in Bradford
assays and Western blot assays. Equal amounts of whole cell extracts (50 pg) were separated by
12.5% SDS-PAGE and transferred to nitrocellulose membranes for Western analyses. Endogenous
proteins were detected by using the following antibodies: anti-OCT4 (ab27985, mouse polyclonal, 1:
1 000, Abcam), anti-ERa (SC-543, mouse polyclonal, 1: 1 000 SantaCruz Biotechnologies) and
anti-p-actin (sc-47778, mouse monoclonal, 1: 5 000 SantaCruz Biotechnologies). The antibody
incubation was performed in 5% milk in TBST (20 mM Tris HCI, pH 7.5, 120 mM NaCl, 0.1%
Tween20). Blots were developed using peroxidase-conjugated goat anti-mouse secondary antibodies
as appropriate (1: 5 000, ThermoScientific, Waltham, MA) and SuperSignal WestPico
Chemiluminescent substrate (ThermoScientific). Quantification was performed using Image J

software as image analyzer.

Statistical analysis

All results were submitted to descriptive analysis to determine statistical normality. An analysis of
variance (ANOVA) was performed, followed by the Bonferroni’s test. Values of P < 0.05 were
considered statistically significant. The GraphPad Prism 6 software (GraphPad Software, inc., San
Diego, CA, USA) was used.
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V. CONCLUSOES

O trabalho permitiu estabelecer as seguintes conclusdes:

O estrogeno e o bisfenol A aumentam a viabilidade celular, o nimero e o tamanho das
mamosferas provenientes das linhagens de cancer de mama humano REa-positivo (MCF-7) e
Triplo-negativo (MDA-MB-231). Entretanto, o tratamento com melatonina reduz a
viabilidade celular, o nimero e o tamanho das mamosferas, mesmo apds a indugdo por

Estrégeno e Bisfenol A;

O estrdgeno e o bisfenol A aumentam a expressdo génica e proteica do fator de transcri¢éo de
celulas-tronco OCT4 e do receptor de estrogeno (REa) das mamosferas provenientes da
linhagem MCF-7. No entanto, o tratamento com melatonina reduz a expressdo génica e
proteica do OCT4 e do receptor de estrogeno das mamosferas provenientes das linhagens
MCF-7 e MDA-MB-231,

O estrogeno e o bisfenol A aumentam a atividade de ligagio do REa ao OCT4 das
mamosferas provenientes da linhagem MCF-7. Ao contrario disso, o tratamento com
melatonina reduz a atividade de ligacdo do receptor de estrogeno (REa) ao gene OCT4,

mesmo apos a exposicao ao estrogeno e bisfenol A.

Em conjunto, nossos dados sugerem que o efeito da melatonina sobre 0 POU5F1 (OCT4)
ocorre através da via do receptor de estrégeno nas celulas-tronco tumorais mamarias,
sugerindo seu potencial terapéutico no tratamento do cancer de mama. Devido ao potencial
altamente agressivo das células-tronco tumorais e de sua resisténcia a terapias, é de grande

interesse estudos de novas drogas que atuam diretamente sobre essa populagdo tumoral.
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