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RESUMO

O cancer de mama apresenta altas taxas de incidéncia e também de mortalidade, sendo
a neoplasia mais comum entre as mulheres. MicroRNAs (miRNAs) sdo pequenas
moléculas de RNAs ndo codificantes que desempenham papel fundamental na regulacdo
génica. Estudos recentes tém demonstrado que miRNAs estdo diretamente envolvidos
na iniciacdo e progressao de varios tipos tumorais, incluindo o cancer de mama.
Diversos miRNAs tém sido descritos como promotores ou supressores tumorais,
podendo estar associados ao crescimento do tumor e metastase. Atualmente, tem sido
demonstrado que a administracdo exdgena da melatonina, um hormdénio naturalmente
secretado pela glandula pineal, apresenta diversos efeitos oncostaticos em diferentes
tipos tumorais. Assim, 0 objetivo do presente estudo foi avaliar o papel da melatonina
em uma possivel via metastatica envolvendo a regulacdo de miRNAs em células da
linhagem de cancer de mama metastatica e triplo-negativa MDA-MB-231. Inicialmente,
a expressdao de 384 miRNAs foi avaliada utilizando placas “Tagman Low-density
Array” (TLDA). Para futuras validagdes, foram selecionados apenas miRNAs que
apresentaram fold change >1,5 e <0,5. Os resultados demonstraram que a melatonina
modulou a expressdo de 17 miRNAs (11 superexpressos e 6 inibidos). Dentre os
miRNAs modulados pela melatonina, miR-148b e miR-210 foram confirmados por
gRT-PCR, selecionados e utilizados para investigacbes funcionais. As células MDA.-
MB-231 foram entdo transfectadas para inibicdo de miR-148b e/ou miR-210
(permanente ou transiente, respectivamente), e avaliadas ap0s tratamento com
melatonina. Em seguida foram avaliadas a taxa de migragao e expressao proteica de c-
Myc, possivel gene alvo de miR-148b e miR-210. Os resultados demonstraram que a
melatonina foi capaz de reduzir a expressdo de c-Myc e afetar a taxa de migracao das
células modificadas ou ndo com miR-148b. No entanto, nenhum efeito sobre c-Myc ou
migracdo foi observado em células modificadas para miR-148b, quando comparadas as
células controle. No que se refere a0 miR-210, a melatonina alterou a expressdo de c-
Myc e migracdo celular, nas células tratadas com melatonina ou expressando anti-miR-

210. Em resumo, nossos resultados demonstraram que apesar da melatonina influenciar
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na modulacdo positiva do miR-148b e miR-210 em células tumorais de mama triplo-
negativas, esta regulacdo nao foi necessariamente causativa para alterar a expressdo de
c-Myc ou diminuir a taxa de migracdo destas células. Nossos resultados confirmam o
efeito da melatonina na inibicdo da proliferacdo e migracdo celular, especialmente em
células triplo-negativas, sugerindo seu importante papel no controle da progresséo
tumoral. No entanto, ainda é necessario estabelecer uma ligacdo direta entre as

modulacdes de certas proteinas ou miRNAs com os efeitos da melatonina.

Palavras-chave: cancer de mama; metastase; miRNAs; melatonina.
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ABSTRACT

Breast cancer has high rates of incidence and mortality, and it is the most common
cancer among women. MicroRNAs (miRNAs) are small molecules of non-coding
mRNA that play a key role in gene regulation. Recent studies have shown that miRNAs
are directly involved in the initiation and progression of various tumor types, including
breast cancer. Several miRNAs have been described as promoters or suppressors of
metastasis and may be associated with tumor growth and metastasis. Exogenous
administration of melatonin, a hormone secreted by the pineal gland, has been shown
several oncostatics effects on different types of cancers. Herein, we investigated if the
antimetastatic effects of melatonin were coordinated by miRNAs involved in tumor
progression. The expression of 384 miRNAs was measured using Tagman Low-density
Array (TLDA) cards. Considering the cut-off we imposed (fold change >1.5 and (fold
change >1.5 and<0.5) were evidenced the modulation of 17 miRNAs (11 up and 6
down). Among all miRNAs modulated, the selected miR-210 and miR-148b were
further confirmed by gRT-PCR and tested for functional investigations. First, we
engineered cells for miR-210 or miR-148b overexpression or depletion (stable or
transient), then we evaluated the effect of melatonin on c-Myc protein expression and
migration. Melatonin reduced c-Myc expression and migration in cell depleted or not
for miR-148b. However no effect on c-Myc or migration was observed for cells
depleted for miR-148b when compared with control cells. c-Myc and migration were
reduced in cells treated with melatonin or expressing anti-miR-210 (depleted). In
summary, our results suggest that, even if melatonin alters miRNA expression, the
modulations of the miRNAs we studied, miR-210 and miR-148b, are not essential for
melatonin inhibition of cell migration and c-Myc expression. One of the hypotheses is
that c-Myc is not a target of these miRNAs in MDA-MB-231 cells, and it is believed
that melatonin effects on miRNAs could be just “epiphenomenon” due to general
Dicer/Drosha deregulations. Nevertheless, melatonin remains a powerful molecule for

metastatic traits inhibition, which modulates a set of protein-coding genes, such as c-
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Myc. However, a direct link between expression modulations of certain proteins or

mMiRNAs and melatonin effects has still to be established.

Keywords: breast cancer, metastasis, miRNA, melatonin.
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I. INTRODUCAO

1. Cancer de mama

O céncer de mama representa o segundo tipo mais frequente no mundo, sendo o
mais comum entre as mulheres. E relativamente raro antes dos 35 anos, e acima desta
faixa etéria sua incidéncia cresce de forma répida e progressiva. Corresponde a 23% dos
novos casos de cancer a cada ano, e 14% do total de mortes por cancer no mundo
(KRONSKI et al.,, 2014; SIEGEL; MILLER; JEMAL, 2015). No Brasil, dados do
Instituto Nacional do Céancer - INCA estimam a ocorréncia de 57.960 novos casos desse
tipo tumoral para 2017. As taxas de mortalidade por cancer de mama ainda permanecem
elevadas no Brasil, e isto se deve principalmente ao diagnostico tardio (KULKARNI,
HICKS, 2008).

O céncer de mama estd fortemente associado a fatores hormonais, incluindo
menarca precoce e menopausa tardia, nuliparidade e idade mais avancada. Recentes
estudos apontam que mulheres que amamentam por longo periodo adquirem maior
protecdo contra 0 acometimento do tumor de mama (DESANTIS et al., 2014; FRANK;
CRITCHFIELD, 2002). Além desses, 0 aumento do peso corporal e a idade continuam
sendo importantes fatores de risco (DUBEY; GUPTA; JAIN, 2015;
LERTKHACHONSUK et al., 2013).

As incidéncias mais elevadas se encontram nos paises do norte da Europa,
Australia, Nova Zelandia e América do Norte. Os paises da América do Sul apresentam
taxas intermediarias de incidéncia, ja paises do continente asiatico revelam os menores
indices de acometimento do cancer de mama devido a idade mais tardia da menarca,

baixo peso corporal principalmente em mulheres pds-menopausa, assim como o estilo
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de vida dessa populagdo, que inclui atividade fisica e alimentacdo rica em vegetais
(DESANTIS et al., 2014; SIEGEL; MILLER; JEMAL, 2015).

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
metéstase em linfonodos regionais e de metéstase a distancia (MARINO et al., 2013).
Além dos fatores clinico-patoldgicos, o conhecimento das caracteristicas moleculares
dos tumores tem contribuido com a avaliagdo mais precisa do prognostico, e com 0
desenvolvimento e incorporagdo de novos agentes e estratégias terapéuticas
(KULKARNI; HICKS, 2008; ZHANG et al., 2015b). Atualmente, o status do receptor
de estrégeno (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 (TELLI; SLEDGE, 2015).

Pacientes com tumores RE-positivos podem ser tratados com antagonistas desse
receptor, enquanto o uso do trastuzumabe em pacientes com cancer de mama que
apresentam superexpressao da proteina HER-2/neu é um exemplo de sucesso da terapia-
alvo com anticorpos monoclonais (FERNANDES et al., 2009; HSIAO et al., 2010). Os
tumores triplo receptor-negativos (RE-, RP- e HER- 2/neu-) acometem cerca de 15% do
total de casos de cancer de mama, apresentam pior progndstico, uma vez que nao
respondem a tratamentos especificos, relacionando-se com a ocorréncia de metastases e
menor sobrevida das pacientes (FERNANDES et al., 2009; MUSTACCHI; DE

LAURENTIIS, 2015).
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A maioria das mortes por cancer é causada pelas consequéncias da lesdo
metastatica e ndo pelo tumor primario, sendo esta a principal causa de morbidade e
mortalidade, responsavel por cerca de 90% de oObitos (GUAN, 2015; SEYFRIED;
HUYSENTRUYT, 2013). Apesar da alta incidéncia, o diagndstico precoce e a
introducdo de tratamentos mais efetivos tém possibilitado o declinio das mortes e
melhorado a qualidade de vida das pacientes com a doenca (KULKARNI; HICKS,
2008). No entanto, muitas vezes a paciente adquire resisténcia a determinado
tratamento, o que possibilita o crescimento tumoral, invasdo e metastase (MCGUIRE;

BROWN; KERIN, 2015).

2. Metéstase

A transformacdo neoplésica consiste em um processo multicausal no qual os
controles normais da proliferacdo celular e da interacdo célula-célula sdo perdidos. A
ativacdo aberrante dos proto-oncogenes em conjunto com a inibicdo ndo regulada dos
genes supressores tumorais representam os fundamentos desse processo (SCULLY et
al., 2012). A progressdo do cancer de mama depende da capacidade das células de
invasdo, de metéastase e colonizacdo de locais distantes (MCGUIRE; BROWN; KERIN,
2015; SHI et al., 2010). O movimento celular é gerado por uma forca obtida pela
organizagdo dindmica do citoesqueleto, assim, células metastaticas sdo altamente
migratorias e invasivas, caracterizadas por um citoesqueleto mal estruturado e pouca
ancoragem em seu substrato. Durante o processo de metastase, as células tumorais

induzem uma alteracéo nas células adjacentes ao tumor e esta interagdo é mediada pela
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matriz extracelular, que tem funcdo de estabelecer um microambiente favoravel para a
formacdo de metéstases (GENG; ALEXANDROU,; LI, 2014).

Para o desenvolvimento de metéstases as celulas tumorais precisam passar por
uma série de etapas para se afastar do tumor primario e se espalhar para varios 6rgaos.
Este processo € conhecido como cascata metastatica, e compreeende o descolamento de
células tumorais do tumor primario, invasdo do microambiente tumoral local,
sobrevivéncia na circulagéo e extravasamento para outros tecidos (TAUBENBERGER,
2014).

Inicialmente, as células do tumor priméario sofrem alteracbes das suas
caracteristicas fenotipicas pelo processo denominado transicdo epitélio-mesenquimal
(EMT, do inglés epithelial-mesenchymal transition). Esta transicéo é caracterizada pela
mudanca do fendétipo epitelial para mesenquimal, ocasionando a perda ou expressdo
reduzida dos marcadores das células epiteliais e 0 aumento da expressdo de marcadores
de células mesenquimais como e-caderina e vimentina, respectivamente (FORONI et
al., 2012; YEUNG; YANG, 2017). Por sua vez, estas caracteristicas ocasionam ao
deslocamento das células do tumor primério possibiltando a migragéo e invasdo celular
através do estroma, e consequente entrada nos vasos sanguineos (FORONI et al., 2012;
SIGURDSSON et al., 2011). Uma vez na corrente sanguinea, as células tumorais
precisam escapar da resposta imune do hospedeiro e dos sinais apoptoticos para
sobreviver e alcangar um novo 6rgéo.

Mesmo as células tumorais utilizando toda maquinaria possivel para superar as
barreiras impostas pelo sistema imune do hospedeiro, apenas, cerca de 3% das células

liberadas na corrente sanguinea sao capazes de resistir e formar micrometastases, e uma
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porcentagem ainda menor é capaz de se proliferar e formar macrometéstases. As células

sobreviventes se aderem ao limen capilar, e a partir deste ponto, se proliferam até

formar uma pequena massa tumoral, que ird romper o endotélio rumo ao estroma do

orgdo especifico. Finalmente, as células invasivas se alojam em microambientes

favoraveis a elas, dando inicio a proliferacdo celular para desenvolvimento do novo

tumor (Figura 1) (MA et al., 2015; MCGUIRE; BROWN; KERIN, 2015).

Q Célula
TUMOR > transformada

PRIMARIO SR

Pand
......

Proliferacao celular —
crescimento
descontrolado

Célula metastatica

Adesdo e invasao na
membrana basal e
passagem através da
matriz extracelular

i ~

Linfécito do
hospedeiro

Plaquetas
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Figura 1. Esquema da cascata metastatica mostrando a sequéncia das etapas da progressao tumoral
e formacado de metastase. Modificado de: Robbins e Cotran: Patologia: Bases Patoldgicas das Doengas,

2005.
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3. microRNAs

Os microRNAs (miRNAs) sdo pequenas moléculas de RNA, com cerca de 20 —
22 nucleotideos, e tem como funcdo regular a expressdo génica em fase pOs-
transcricional, podendo induzir a superexpressdo ou silenciamento génico através do
pareamento especifico com moléculas alvos de RNA mensageiro (RNAm), ocasionando a
uma estabilizacdo ou degradacdo desta molécula (Figura 2) (CROCE; CALIN, 2005;

YANG; HAO; XI, 2013).

—
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Os miRNAs sdo formados no nucleo, a partir de moléculas de cadeia longa

denominados microRNA primarios (pri-miRNA), transcritos pela RNA polymerase II.
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Ainda no nucleo, o pri-miRNA é processado pela acdo da Drosha, uma ribonuclease Il e
seu cofator DGCRS, que cliva esta longa cadeia, resultando em uma sequéncia de
aproximadamente 70 kb, denominado miRNA precursor (pre-miRNA) (OLIVE; JIANG;
HE, 2010). Neste ponto, o pre-miRNA é transportado para o citoplasma com a ajuda da
Exportina 5 e seu parceiro Ran-GTP, onde é reconhecido pela enzima Dicer uma outra
ribonuclease I11. Por sua vez, a Dicer faz o processamento do pre-miRNA, resultando em
uma molécula de miRNA maduro fita dupla com aproximadamente 22 nucleotideos
(GAROFALO; LEVA; CROCE, 2014; OLIVE; JIANG; HE, 2010). A fita dupla de
miRNA ¢ entdo separada, e a molécula simples de miRNA alvo madura é incorporada ao
complexo RISC (RNA-induced silencing complex), para mediar o silenciamento pés-
transcricional de MRNAS especificos. O reconhecimento dos alvos de miRNAs se da com
um pareamento imperfeito com a fita complementar, permitindo assim, que um dnico
miRNA seja capaz de regular um maior nimero de genes codificadores de proteinas
(ACUNZO et al., 2015).

Os miRNAs apresentam um significante papel na regulagdo dos processos
bioldgicos, e expressdes alteradas destas moléculas estdo associadas com vérias doencas,
incluindo o cancer. Aproximadamente 30% dos genes humanos sdo regulados por
miRNAs que residem dentro de introns de regides codificantes ou ndo (AGOSTINI et
al., 2010; EBRAHIMI et al., 2014). A associacdo entre miRNAs e biologia tumoral foi
primeiramente determinada com base em observacdes de delecdes e baixa expressédo de
miR-15 e miR-16 em leucemia linfocitica cronica (CALIN et al., 2002). Relatos da

literatura apontam o envolvimento de miRNAs na supressao tumoral (CHENG et al.,
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2014; IWAYA et al., 2013; JEON et al., 2012) e na oncogénese (NI et al., 2015; PENNA,
ORSO; TAVERNA, 2015; XIA et al., 2014).

Os miRNAs também atuam regulando a expressdo de genes relacionados aos
processos de metastase, pela ligacdo aos seus potenciais alvos complementares,
promovendo alteragdes na atividade das células metastaticas (ZHANG; LI; LAI, 2010).
Diversos miRNAs tém sido descritos como promotores (miR-17,miR-10b, miR-373,
miR-502, miR-21) ou supressores de metastase (miR-146, miR- 335, miR-126, miR-
200,miR-206, miR-31) (CORCORAN et al., 2011; GOH et al., 2016).

Um importante foco das pesquisas em cancer de mama tem sido a identificacdo de
possiveis marcadores prognosticos e o desenvolvimento de novas estratégias
terapéuticas, que possam inibir a progressdo tumoral. Assim, os miRNAS surgiram
recentemente como importantes moléculas associadas ao processo de metastase e como
possiveis alvos de tratamentos (ACUNZO et al., 2015; LEVASHOVA et al., 2010).

O miR-148b pertence a uma familia de trés membros (miR-148a, miR-148b e
miR-152), os quais apresentam alta expressdo em tecidos normais, especialmente em
células tronco (CHEN; SONG; WANG, 2013). O miR-148b tem sido investigado em
varios tipos tumorais, em que na maioria das vezes atua como supressor tumoral, inibindo
a expressdo de oncogenes (MOU et al., 2016). De acordo com estudo de Song e
colaboradores (2011), celulas das linhagens de cancer gastrico humano, MGC-803, SGC-
7901 e BGC-823 modificadas contendo vetores para alta expressdo de miR-148b
apresentaram significante diminuicdo na taxa de proliferacao celular quando comparadas
as células normais. A baixa expressdo do miR-148b esta diretamente envolvida com o

aumento da progressdao tumoral e numero de metéastases (GE et al.,, 2015;
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GHASEMKHANI et al., 2015). Além disso, segundo recente estudo de Orso e
colaboradores (2016), a regulacdo negativa do miR-148b favorece a disseminacéo
tumoral, e consequente aumento da expressao de seus alvos diretos, como 0S oncogenes
Integrina alfa 5 (ITGA5) e ALCAM, ambos relacionados ao processo metastatico (ORSO
etal., 2016).

O miR-210 é considerado preferencialmente um miRNA oncogénico, que exibe
a regulacdo mediada por HIF-1a e Von-Hippel Lindau (VHL). HIF-1a promove o
aumento da expressdo de miR-210 e este, leva a estabilizacdo de HIF-1a, sugerindo que
ambos, miRNA e seu gene alvo estdo envolvidos em um positive feedback loop (DANG;
MYERS, 2015). De acordo com a literatura, niveis elevados de miR-210 conduzem ao
aumento da progressao tumoral, migracdo e reducdo da parada do ciclo celular em células
tumorais de mama MCF-7 (LIU et al., 2016). Zhang e colaboradores (2009) revelaram
que altos niveis de miR-210 em células de carcinoma de c6lon humano HCT116 levaram
a uma maior expressao de c-Myc através da reducdo de MNT, um conhecido antagonista
de c-Myc, responsavel por prejudicar as funcGes proliferativas de c-Myc (ZHANG et al.,
2009). Em concordéncia, Yang e colaboradores (2002) demonstraram que a baixa
expressdo de miR-210 em células de hepatocarcinoma induziram a parada do ciclo
celular em fase GO/G1, resultando em diminuicdo da proliferacdo de células tumorais
(YANG et al., 2012).

Atualmente existe uma controvérsia no que se refere ao fato do miR-210 ser
caracterizado como um oncogene ou supressor tumoral, no entanto, 0 motivo dessa
aparente discrepancia ainda é incerto. De acordo com esta hipdtese, Tsuchiya e

colaboradores (2010) observaram que a alta expressdo de miR-210 em células de
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linhagens tumorais do es6fago humano CCEE e KYSE-10 induziu a parada do ciclo
celular e consequentemente promoveu apoptose. Ainda, apds ensaios funcionais, 0s
autores relataram os efeitos oncostaticos do miR-210 sdo mediados principalmente pelo
seu alvo direto, o receptor do fator de crescimento do fibroblasto 1 (FGFRL1)

(TSUCHIYA et al., 2011).

4. c-Myc

O gene c-Myc foi primeiramente descrito por Bishop e colaboradores nos
meados da década de 80, no entanto foi descoberto bem antes, por Peyton Rous em
1911. Peyton Rous observou que um sarcoma tipico de aves poderia ser transmitido
através de extratos tumorais ndo celulares, sugerindo que virus poderiam ser 0s
possiveis agentes etioldgicos dessas neoplasias (KRESS; SABO; AMATI, 2015).
Posteriormente, ainda de acordo com este estudo, Vennstrom e colaboradores (1982)
identificaram 0 oncogene v-Myc “viral avian myelocytomatosis” a partir de um estudo
de retrovirus causadores da mielocitomatose em aves (VENNSTROM et al., 1982).
Subsequentemente, o gene c-Myc foi identificado como o homdlogo celular desse
oncogene retroviral (v-Myc), sendo sua superexpressdo demonstrada em varios tumores
humanos e animais.

c-Myc (também denominado MYC) membro da superfamilia que compreende
N-MYC e L-MYC, é um fator de transcricdo que se dimeriza com a proteina MAX, um
ligante essencial para a maioria das atividades bioldgicas exercidas por c-Myc, e
responsavel por induzir a atividade transcricional deste gene (STINE et al., 2015;

CICHON et al., 2016).
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c-Myc estd envolvido em diversos processos fisiologicos, responsavel por
regular a replicacdo do DNA, regulacdo da transicdo das fases GO/G1, diferenciacdo e
proliferacdo celular, migragdo e apoptose (FARRELL; SEARS, 2014). Sua expressao é
fundamental no desenvolvimento embrionario normal, sendo regulada por sinais
externos, como fatores de crescimento e componentes da matriz extracelular, bem como
por sinais internos, como a maquinaria de ativacdo do ciclo celular.

Em condicdes patoldgicas c-Myc é um fator de transcricdo multifatorial que
apresenta papel fundamental na regulacdo de genes envolvidos em Varios processos
bioldgicos, incluindo crescimento celular, proliferacdo e apoptose (DANG, 2012;
FARRELL; SEARS, 2014). De acordo com a literatura, a inducdo ectopica de c-Myc
promove mudancas transcricionais generalizadas que impulsionam a progressédo do
ciclo celular, aumentam a sintese proteica, e desestabilizam o genoma (THOMAS et al.,
2015). Da mesma forma, a baixa expressdo de c-Myc em células tumorais conduz uma
reducdo da proliferagdo celular e indugcdo da apoptose. Segundo estudo de Cho e
colaboradores (2010), a alta expressdo de c-Myc desempenha papel na inibicdo da
apoptose, inducdo de angiogénese e transicdo epitelial-mesenquimal (EMT) em células
tumorais de mama. Além disso, no cancer de mama, niveis aumentados de c-Myc estdo
associados a um prognastico clinico reservado, metastase e risco elevado de recidivas
(CHO et al., 2010).

De certa forma, todas as caracteristicas pro-tumorigénicas conferidas ao c-Myc
no cancer, acentuam o conceito de que o bloqueio da funcdo deste oncogene em células
tumorais pode ter um significativo impacto terapéutico (KRESS; SABO; AMATI,

2015).
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5. Melatonina

5.1 Sintese da melatonina

A melatonina, principal hormonio produzido e secretado pela glandula pineal
atua na regulacdo do ritmo circadiano, possui propriedades antioxidantes,
antienvelhecimento e imunomoduladoras (DI BELLA et al., 2013; REITER et al., 2017,
REITER; TAN; PAPPOLLA, 2004). A sintese da melatonina é realizada seguindo um
padrdo ritmico, com pico secretdrio no periodo noturno e quase nenhuma sintese no
periodo diurno (HILL et al., 2015; RAVINDRA; LAKSHMI; AHUJA, 2006). Sua
producdo é realizada principalmente pelos pinealécitos, células provenientes da glandula
pineal. De forma resumida, a sintese da melatonina ocorre 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). Entdo, a NAS é convertida em melatonina pela enzima
hidroxi-indol-Ometiltransferase (HIOMT) (Figura 3) (HEVIA et al., 2015; VRIEND;
REITER, 2016).

A enzima AA-NAT apresenta um ritmo diario, no entanto sua concentragdo esta
mais elevada no periodo noturno, especialmente na fase escura. Esta variacédo ciclica da
AA-NAT faz com que a reducdo dos niveis de serotonina na fase escura seja
acompanhada pelo aumento das concentracfes de NAS e melatonina. A melatonina é
secretada durante a noite em todas as espécies de mamiferos, independente de possuirem
habito diurno ou noturno. Sua degradacao ocorre principalmente no figado, envolvendo a

hidroxilacdo em 6-hidroximelatonina [6(OH)M], seguida dos processos de sulfatacdo ou
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glicuronidagéo, e posterior excre¢do na urina (BILU; KRONFELD-SCHOR, 2013;

REITER et al., 2016).
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Figura 3. Esquema representativo da via de sintese da melatonina na glandula pineal. Passos
envolvidos na conversdo do aminoécido triptofano e formacdo de melatonina pela enzima HIOMT.

Modificado BUBENIK1 and KONTUREK, 2010.

Nas ultimas décadas houve um progresso na compreensdo de como a luz esta

envolvida com o funcionamento do relogio bioldgico, e sintese e liberagdo da melatonina

no organismo. O uso excessivo e inadequado da luz artificial durante o periodo noturno

estd levando a diminuicdo de producdo de melatonina pelo homem, ocasionando

alteracfes em varios processos bioldgicos (HILL et al., 2015; REITER; MANCHESTER,;

TAN, 2010).
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5.2 Receptores de melatonina e mecanismos de acéo

Os dois mais importantes receptores de membrana conhecidos séo MT1
(MTNR1A) e MT2 (MTNR1B), membros da superfamilia de receptores acoplados a
proteina G. Além dos receptores de membrana, a melatonina também pode atuar por
mecanismos diferentes nas células. A natureza lipofilica da melatonina permite sua livre
passagem pela membrana celular e sua interacdo com inimeros fatores de transcricao e
proteinas intracelulares como calmodulina e receptores nucleares RZR/ROR (receptor Z
para retinoide/receptor Orfdo para retindide) envolvidos na modulacdo do céncer de
mama. Considerando algumas das acdes da calmodulina na fisiologia celular, destaca-se
por exemplo, a regulacdo de varias proteinas quinases, incluindo proteinas relacionadas
com a formacdo do citoesqueleto. Além disso, a melatonina apresenta acdo independente
de receptores celulares, também pela atuacdo direta na reducdo de radicais livres (ROS)
ou aumento de enzimas antioxidantes (Figura 4) (HILL et al., 2015; PROIETTI et al.,
2013; REITER; TAN; PAPPOLLA, 2004).

Nas células tumorais, a melatonina é capaz de inibir a expressdo de fatores de
transcri¢do incluindo, CREB (CAMP response element-binding protein), NFkB (nuclear
factor kappa-light-chain-enhancer of activated B cells) e STAT3 (Signal transducer and
activator of transcription 3) pela forma direta, através da ativacdo de seu receptor MT1
ou indiretamente, através da sua atividade antioxidante no cancer de mama. Além disso,
induz a fosforilagdo de AKT, uma quinase responsdvel por ativar varios processos
celulares, como apoptose, proliferacdo e migracdo celular (KONG et al., 2008). Em

recente estudo de Long e colaboradores (2017), a melatonina levou a uma diminuicao de
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p-AKT, e consequente baixos niveis de c-Myc em células de hepatocarcinoma (HILL et

al., 2015; LONG et al., 2017).
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Figura 4. Esquema representativo dos mecanismos de acdo da melatonina. *modulados pela
melatonina. Modificado de Jung e Ahmad, 2006.

5.3 Melatonina e cancer

O papel da melatonina ndo se limita apenas em regular funcgdes fisiologicas, mas
também apresenta importante acdo em processos patologicos, incluindo o cancer. Em
1981, Tamarkin e colaboradores (1981) demonstraram que o tratamento com
melatonina inibiu o desenvolvimento de tumores mamarios induzidos pelo carcindgeno
7,12-dimethylbenz(alpha)-anthracene (DMBA) em ratas Sprague Dawley e, ao
contrério, a remocdo da glandula pineal estimulou o desenvolvimento desses tumores
(TAMARKIN et al., 1981). Ainda no mesmo ano, o estudo de Bartsch e colaboradores
(1981) demonstrou que pacientes com cancer de mama apresentavam menores

concentragdes de melatonina, quando comparados a pacientes sem presenca tumoral
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(BARTSCH; BARTSCH, 1981). Desde entéo, tém sido demonstrado que a melatonina
inibe o desenvolvimento e a progressao de diferentes tipos de cancer, atuando através de
mecanismos dependentes e independentes de receptores MT1 e MT2 (DI BELLA et al.,
2013; Ll etal., 2015; LUCHETTI et al., 2010).

Indicios dos primeiros estudos relacionando os efeitos do estrégeno e o cancer
de mama ocorreram em meados de 1896, quando Beatson e colaboradores (1896)
revelaram que o estrogeno apresentava efeito estimulante e consequente fator de risco na
progressdo do cancer de mama. Ainda, em estudos experimentais utilizando roedores,
de mama (SANCHEZ-BARCELO et al., 2005). A acdo da melatonina no cancer de
mama esta associada principalmente a tumores RE-positivos, uma vez que apresenta um
importante papel na inibicdo da sintese do estrégeno. Além disso, a melatonina pode
interagir com a via de sinalizacdo do estrégeno, atuando na prevencdo da ligacdo deste
hormonio com seu receptor especifico (RE) (MEDIAVILLA et al., 2010; PROIETTI et
al., 2013).

Entre outros mecanismos, a melatonina pode controlar o ciclo celular, atuando
como pro-apoptotica e anti-proliferativa e induzindo a diferenciacdo celular. Possui
importante acdo antioxidante, reduzindo os danos oxidativos provocados por radicais
livres e prevenindo o efeito colateral de tratamentos citotdxicos. Atua ainda na inibicéo
da enzima telomerase, na modulacgdo do sistema imune, inibicdo de proteinas envolvidas
na invasao celular e no processo metastatico (DI BELLA et al., 2013; PROIETTI et al.,

2013; REITER; TAN; PAPPOLLA, 2004).
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5.4 Melatonina e miRNAs

Lee e colaboradores (2011) estudaram pela primeira vez o efeito da melatonina
na modulacdo da expressdo de miRNAs na linhagem de cancer de mama RE-positiva
MCF-7 (LEE et al.,, 2011). Os resultados demonstraram que niveis fisioldgicos de
melatonina modularam a expressdo de miRNAs promovendo uma acgao antiproliferativa
no cancer de mama. Posteriormente, um estudo de Sohn e colaboradores (2015)
demonstrou a acdo da melatonina no aumento da expressao de miR-3195 e miR-374b em
células tumorais de prostata, o que resultou na diminuicdo da expressdo de genes
relacionados com a angiogénese e metéstase, como HIF-1o. e VEGF (SOHN et al., 2015).

Vaérios estudos sugerem que a melatonina é capaz de modificar a expressdo de
inimeros genes relacionados ao cancer de mama (COS et al., 2014; PROIETTI et al.,
2013), indicando seu potencial papel na alteragdo da expressdao de miRNAs (LEE et al.,
2011; MORI et al., 2016; SOHN et al., 2015). No entanto, sdo poucos 0s estudos que
avaliaram o efeito deste hormonio na expressao dos miRNAs no cancer de mama, sendo
que a relacdo com a metéstase ainda nao foi descrita. Nesse contexto, a melatonina pode
ser considerada importante alvo no controle da progressao tumoral, criando assim, um

caminho promissor para sua utilizacdo como agente terapéutico no cancer.
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1. OBJETIVOS

No presente estudo investigamos a expressdo diferencial dos miRNAs associados
ao processo metastatico em linhagem celular de cancer de mama metastatica e triplo-

negativa.

« Identificar a expresséo diferencial dos miRNAs associados ao processo metastatico na

linhagem celular de cancer de mama metastatica e triplo-negativa MDA-MB-231;

« Realizar o silenciamento do miR-148b e miR-210, selecionados a partir da técnica de
PCR-Array, e analisar a expressao de c-Myc, possivel gene alvo destes miRNAs em

células MDA-MB-231 tratadas ou ndo com melatonina.
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Abstract

Melatonin, a hormone secreted by pineal gland, shows antimetastatic effects by reducing tumor
cell proliferation, migration and invasion. MicroRNAs are small, non-coding RNAs that play a
crucial role in regulation of gene expression. Herein, we looked a link between the
tumor/metastatic-suppressive actions of melatonin and miRNA expression in triple-negative breast
cancer cells. First, we evaluated if and how melatonin could affect triple-negative breast cancer
cells and unraveled that melatonin exerts anti-tumor progression actions by reducing proliferation,
migration and c-Myc expression of triple-negative cells. To understand whether melatonin could
modulate miRNA levels, we examined expression of 365 miRNAs by using Tagman Low-
Density-Array (TLDA) or by single Tagman assays and evidenced the modulation of 17 miRNAs.
We focused the attention on miR-148b and miR-210 both up-regulated by melatonin and
considered, from the literature, respectively, anti-metastatic and oncogenic and studied the effect
of their modulation on melatonin tumor progression impairment. Surprisingly, when miR-148b or
miR-210 were depleted in triple negative breast cancer cells, using specific miR-148bsponges or
anti-miR-210, melatonin effects were not impaired. In fact, migration inhibition and c-myc
downregulation by melatonin were still visible suggesting that the increase of miR-148b and miR-
210 observed following melatonin treatment was not required for the efficacy of melatonin action.
Nevertheless, melatonin remains a powerful compound for metastatic trait inhibition, even if a
direct link between modulation of expression of certain proteins or miRNAs and melatonin effects

has still to be established.

Keywords: breast cancer, metastasis, miRNA, melatonin
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Introduction

Breast cancer is the most common type of cancer and the second cause of death in women
worldwide . The high mortality rate due to this neoplasm is intrinsically related to the
occurrence of metastasis, which affects more than 90% of the patients. Despite the high incidence,
the early diagnosis and the introduction of more effective treatments have allowed the decrease of
deaths and improved the quality of life of patients with the disease 2. The progression of breast
cancer depends on the ability of cells to invade and colonize distant sites 3. Dissemination of
tumor cells is a complex multi-step process, including detachment of primary tumor cells,
invasion of the local tumor microenvironment, survival in the circulation and extravasation in
other tissues .

Metastasis formation results through several mechanisms, and currently microRNAS
(miRNAS) have been investigated as possible determinants of this process °. miRNAs are small
molecules of RNA, with about 20 - 22 nucleotides, regulating gene expression at the post-
transcriptional level, and able to induce gene silencing after pairing with target molecules of
messenger RNA (mRNA), leading to a destabilization or degradation of these targets. One
miRNA could bind to hundreds of different mRNAs regulating various cellular processes ®.
Literature reports the involvement of miRNAs in tumor suppression & and oncogenesis °.
Therefore, miRNA deregulation plays an important role in proliferation, invasion, differentiation,
apoptosis and cell resistance in various types of cancer *°. Because of the complexity of miRNA
involvement in breast cancer formation and metastasis process, it becomes essential to investigate
miRNA functions for advanced therapeutic strategies.

Melatonin, the principal hormone produced and secreted by the pineal gland is effective to
reduce growth and development of several tumors, in particular estrogen-dependent breast
cancer''2, Furthermore, it has modulatory oncostatic effects on the cytoskeleton and it is able to
inhibit the invasiveness of tumor cells *-%°, Recent study of Mao et al. revealed that melatonin
seems to be involved in the suppression of Epithelial to Mesenchymal Transition (EMT), either
by promoting Mesenchymal-to-Epithelial Transition (MET), and/or by inhibiting key signaling
pathways associated with later stages of metastasis®®. Currently, there is extensive knowledge
about intracellular signaling pathways of melatonin, however, its ability to modulate intracellular
processes is extremely complex and still requires many studies 178,

Lee et al. studied for the first time the effect of melatonin on miRNA modulation on the
non-metastatic breast cancer cell line MCF-7. The results demonstrated that physiological levels

of melatonin can modulate the expression of miRNAs promoting an antiproliferative action in
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breast cancer 2°. Recently, Sohn et al. demonstrated the action of melatonin on increasing
expression of miR-3195 and miR-374b in prostate tumor cells 2. Here, the high expression of
these molecules led to decreased levels of genes related to angiogenesis and metastasis, such as
hypoxia-inducible factors (HIF-1a) and VEGF. Considering that only a few studies about miRNA
regulation by melatonin exist so far, it remains essential to understand miRNA expression and
the mechanisms by which miRNAs can regulate melatonin's anticancer. In this study, we
investigate the association between the metastatic-suppressive actions of melatonin and miRNA
functions in the MDA-MB-231 triple-negative breast cancer cell line. Based on the findings we
suggest that melatonin regulates the metastatic abilities of triple-negative breast cancer cells and
leads to miIRNA modulations. However, anti-metastatic actions of melatonin are not directly

related with specific miRNA modulations.

Methods

Cell culture

Three different breast tumor lines were used: MDA-MB-231 (metastatic and triple-
negative), 4175-TGL (metastatic derived from MDA-MB-231 cell line) and MCF-7 (non-
metastatic and triple-positive). The breast tumor cells were cultured in DMEM medium
supplemented with 10% FBS (Biochrom AG, Berlin, Germany), 1 mM pyruvate sodium, 25 mM
HEPES (pH 7.4), and 100 mg/ml Gentamicin (all from Gibco, Invitrogen Life Technologies,
Carlsbad, CA, USA).

Proliferation assay

Cells were seeded at 5 x 10% cells / in 96 well plates and re-suspended in a medium
supplemented with 2% FBS. After 24 h, the cells received treatments with melatonin (100 nM and
1mM) and allowed to grow for 24, 48, 72, 96 and 120 h. After treatment, the cells were fixed
with 2.5% glutaraldehyde and stained with 0.2% crystal violet. The dye was solubilized using
10% acetic acid and the samples were homogenized and absorbance at 570 nm read using the

Glomax Multi-Detection System (Promega).

Migration assay
A migration assay was performed to evaluate the cell capability to migrate after treatment
with melatonin (1 mM). For the experiment, were used 24-well plate including inserts
(transwell®) having pores approximately 8 um in diameter (Costar, Corning Incorporated). Tumor
cells were plated at 1 x 10° and re-suspended in 500 pl of serum-free medium in the upper

compartment of the insert, while in the lower compartment was added 600 pul of medium
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supplemented with 20% FBS. The cells were treated with melatonin for a total of 48 h and
incubated in a CO2 chamber 37 °C overnight. Then the remaining in the lower compartment fixed
in 2.5% glutaraldehyde for 20 minutes and stained with 0.2% violet crystal for 20 minutes at
room temperature. At the end, all remaining cells in the lower part of the insert were counted

using Zeiss Axiovert 200M microscope.

Generation of stable modified cell lines and transient transfections

miR-148b depleted 4175-TGL expressed a specific miR-148bsponge with sequences
designed to be perfectly complementary to miR-148b seed region as previously described in Orso,
Quirico et al %. For transient transfections, Anti-miR™ Inhibitors, including a scrambled miRNA
negative control (Invitrogen Life Technologies) were used. MDA-MB-231 cells were seeded in
6-well plates at 50 % of confluency and immediately transfected using HiPerFect Transfection
Reagent (QIAGEN, Stanford, CA), anti-miR and Opti-Mem | medium, as instructed. The cells
were incubated at 37 °C in a CO2 incubator for 24 h, and the medium was replaced with fresh

normal growth medium.

RNA extraction, reverse transcription, and real-time PCR

Total RNA was extracted from tumor cells using Trizol reagent (Invitrogen Life
Technologies). miRNA were reverse transcribed using TagMan® microRNA Reverse
transcription kit (Applied Biosystems, Foster City, CA) from 10 ng total RNA according to the
manufacturer’s instructions. For mRNA detection, 1 ug of DNase-treated RNA (DNA-free Kit;
Ambion, Austin, TX) was retrotranscribed with RETROscript reagents (Ambion), and qPCRs
were performed with gene-specific primers. Quantitative normalization was performed on the
expression of the housekeeping U6 for miRNAs or Actin for mMRNAs. The relative expression
levels between samples were calculated using the comparative delta CT (threshold cycle number)

method (274€T) with a control sample as reference point.

MiRNA profiling (TagMan Low-Density Array (TLDA)

TLDA human miRNA panel is a quantitative qPCR that can simultaneously evaluate the
expression levels of up to 365 different miRNAs on a single card. Briefly, 50 ng of miRNAs were
converted into specific cDNAs and subsequently quantified using the TagMan MicroRNA TLDA
card, containing 365 human TagMan miRNA sequences and including RU6B, RNU4, and
RNU44 as endogenous controls. miRNA relative expression was normalized against endogenous
controls and no treated breast miRNAs according to the following threshold cycle (CT)
calculation: 2—ACT, where ACT = (CT miRNA — CT miRNAs endogenous). To find consistently
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differentially expressed miRNAs after melatonin treatment, the data were subjected to analysis,
miRNAs showing at least 1.5-fold regulation were considered to be differentially expressed.

Protein extraction and Western Blotting

To evaluate protein expression, cells were plated and treated with melatonin in a dose of 1
mM during 48 h. At the end of the treatment, total proteins were extracted using a boiling buffer
containing 0.125 mol/L Tris/HCI, pH 6.8, and 2.5% sodium dodecyl sulphate (SDS) and heated
for 5 min at 95°C. Protein were separated electrophoretically (25 or 50 pg) by SDS
polyacrylamide gel electrophoresis (PAGE) and electroblotted on to Nitrocellulose membrane
(BioRad®, Milano, Italy). Membranes were blocked in 5% blotto nonfat milk (Santa Cruz
Biotechnology, Santa Cruz, CA) and Phosphate Buffered Saline PBS-Tween buffer (137 mM
NaCl, 2.7 mM KCI, 8 mM Na;HPO4, 1.46 mM KH2POa4, 0.1% Tween-20) for one hour. The
membranes were incubated with appropriate primary antibody for c-Myc at 1:500 (Santa Cruz)
and HSP-90 at 1:2000 (Santa Cruz) overnight at 4°C. Then the membrane was incubated with and
PBS-Tween buffer for 1 h at room temperature and visualized by enhanced chemiluminescence
“Clarity Western ECL" (Bio Rad®) for visualization on the "Chemidoc Touch Image Fusion" (Bio
Rad®) apparatus. At the end, quantification was performed with the aid of image analyzer
software Image J.

Statistical analyses

The results have been previously submitted to a descriptive analysis to determine the
normal range. Data are presented as mean + Standard Error of Mean (SEM) and two tailed
Student’s t test was used for comparison, with *p<0.05; ** p<0.001; ***p<0.0001 considered to
be statistically significant. ns. indicates a not statistically significant p-value. We used the

software Image Lab for analysis of membrane protein, and GraphPad Prism4 for statistics.

Results

Melatonin decreases proliferation of MCF-7 and MDA-MB-231 cells

In order to verify the antiproliferative effect of melatonin, MDA-MB-231 and MCF-7 cells
were treated with 100 nM or 1 mM of melatonin for 24, 48, 72, 96 and 120 h. A statistically
significant inhibitory effect on proliferation was observed only following melatonin treatment (1
mM) at 24 h for Estrogen Receptor (ER)-positive MCF-7 cell line and at 72 h for ER-negative
MDA-MB-231 cell line (Figure 1A).
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Melatonin impairs migration capability and regulates c-Myc expression on breast cancer
cells
To investigate the antimetastatic effect of melatonin, transwell migration assays were
performed in the presence or in the absence of this hormone on MDA-MB-231 and 4175-TGL
cells. MCF-7 cells were not used in this experiment, due their poor migration capacity. As
presented in Figure 1B, all cell lines treated with 1 mM melatonin showed significantly lower
migration ability when compared with control cells, suggesting an anti-migratory effect of
melatonin, on triple-negative breast cancer cells.
Alteration of c-Myc expression following melatonin treatment was evaluated by Western
Blot analysis. Considering MCF-7 as a positive control, we also evaluated c-Myc expression on
this cell line. As a result, melatonin did not modulate c-Myc in 24 h of treatment, however in
long-term treatment, melatonin led to a slight decrease of c-Myc expression. Melatonin reduced c-
Myc expression on MDA-MB-231 cells after 24 h of treatment, moreover, long-term treatment
with melatonin led to a strong c-Myc expression reduction (Figure 1C). Given that melatonin
modulation of c-Myc was more consistent in MDA-MB-231 cells, we asked whether its effects
could be transcriptional. For this reason, we evaluated c-Myc mRNA levels. A significant
downregulation of c-Myc was found in cells treated with melatonin, confirming the results
obtained by protein analysis and suggesting a potential transcriptional regulation of c-Myc by

melatonin in triple-negative cell line (Figure 1D).

mMiRNAs modulated by melatonin

In order to understand the molecular mechanism melatonin action, we investigated
whether miRNAs could be involved in these processes. Therefore, we compared the expression
of 365 miRNAs in MDA-MB-231 cells treated or not with melatonin using “TagMan MicroRNA
Low-Density Array (TLDA)” cards in duplicate. In addition, we evaluated miR-146a and miR-
148b expression by single Tagman assays. Following these analyses, melatonin treatment led to
the modulation of 17 miRNAs, 11 upregulated and 6 downregulated. Among these miRNAs, 5
upregulated miRNAs (miR-let-7a, miR-let-7c, miR-10a, miR-210 and miR-148b, see Table 1)
were selected for further analyses and validations.

We performed gRT-PCR analysis to validate the results obtained from the arrays and from
independent investigations. MiRNAs were considered significantly altered only when they
exhibited a mean fold-change >1.5 relative to the controls, a p value < 0.05. Furthermore, we
investigated the role of melatonin on miRNA modulation in another breast cancer cell line, MCF-

7. Consistent with the previous analyses, qRT-PCR data demonstrated that out of 5 deregulated
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miRNAs, miR-148b and miR-210 only were significantly modulated by melatonin in MDA-MB-
231 cells. Instead, melatonin could not affect miR-148b and miR-210 in MCF-7 cells (Table 2).

Is there a functional link between deregulated miRNAs and melatonin efficacy?

Considering that miR-148b and miR-210 were up-regulated by melatonin in MDA-MB-
231 cells, we assessed the involvement of these miRNAs in the negative modulation of c-Myc, and
the ability of melatonin to reduce cell migration. Therefore, in order to identify whether miR-148b
or miR-210 could mediate melatonin effects, MDA-MB-231 or 4175-TGL cells were engineered
for a stable downregulation of miR-148bsponges to obtain miR-148b depleted cells or transiently
transfected with miRNA-210 inhibitor.

Cells were transduced or transfected with an empty control (pLenti-empty) or a scrambled
anti-miRNA (Neg. Control) and were used for comparisons. All cells were then treated or not with
melatonin. Transwell assays were used to evaluate migration. Melatonin significantly affected cell
migration even in miR-148b depleted cells (Figure 2A) suggesting that melatonin-dependent
migration reduction is miR-148b independent. In addition, a modulation of c-Myc was evaluated
by Western Blot analysis. Melatonin reduced c-Myc expression in 4175-TGL cells previously
transduced with miR-148bsponges or pLenti-empty. However, there was no difference in c-Myc
expression between empty and miR-148b depleted cells. Thus, downregulation of c-Myc
expression seems to be melatonin-dependent but miR-148b-independent (Figure 2B). Melatonin-
induced miR-148 expression was blocked when cells expressed miR-148bsponges (Figure 2C).
Based on c-Myc and migration data we can postulate that increased levels of miR-148b are an
epiphenomenon induced by melatonin but independent on its action.

Regular and low miR-210 expressing MDA-MB-231 cells were treated or not with
melatonin and miR-210 levels were verified. Regarding migration, decreased cell movement was
observed for melatonin treated cells, and a moderate decrease was observed in non-treated cells
with low levels of miR-210 when compared to controls (Figure 3A). When c-Myc expression
was evaluated, decreased c-Myc was also found when miR-210 levels were reduced suggesting
that melatonin-induced c-Myc decrease was independent from the observed miR-210 up-

regulation (Figure 3B-C).

Discussion

Melatonin has been considered an important natural antitumor agent and high levels of this
hormone negatively correlates with the risk of developing many types of cancers 2324, Herein, our
functional studies revealed a role for melatonin on migration inhibition in aggressive triple-

negative cell line. In breast cancer, melatonin antitumor actions have been previously evaluated
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especially in the ER-positive tumors, where melatonin acts antiestrogenically through its
membrane receptors, called MT1 and MT2 22, On this line, considering that melatonin
anticancer activities are exerted mainly binding on the estrogen receptors, we considered MCF-7
cells as a positive control for melatonin treatment. Consistent with literature, in our findings
regarding ER-positive cells, melatonin induced an inhibitory effect on cell proliferation, which is
statistically significant after 24 h. More interestingly, on triple-negative MDA-MB-231 cells,
melatonin was also able to impair proliferation, however, a longer time following melatonin
treatment was required. Based on these findings, we can suggest that melatonin effectiveness
requires long periods on triple-negative cells. Similarly, recent study of Kim and Cho (2017)
showed that melatonin reduced cell migration and invasion of triple-negative breast cancer cell
line MDA-MB-231, however the authors reveled no effect on proliferation after melatonin
treatment?®,

It has been established that melatonin binds to membrane receptors MT1 and MT2 and
exerts its antiproliferative effects '8, Both ER-positive and ER-negative cell lines express the MT1
receptor; however, relevant studies have shown that ER-positive tumors have an increased
expression of MT1 compared to triple-receptor-negative tumors such as MDA-MB-231 line 192,
Since, MDA-MB-231 cells present a molecular deficiency in MT1 signaling pathway, melatonin
could also influence ER-negative cells via processes that do not involve the MT1/MT2 membrane
receptors. The lipophilic nature of melatonin can allow its passage through the cell membrane
and its interactions with a number of transcription factors and nuclear binding sites that are
involved in modulation of breast cancer cell proliferation 1°27%,

Relevantly, we observed c-Myc modulation after melatonin treatment in MCF-7 and
MDA-MB-231 cell lines. Interestingly, melatonin reduced c-Myc expression on MDA-MB-231
cells after 24 h of treatment, however long-term treatment with melatonin led to a strong c-Myc
expression reduction. In contrast, melatonin do not modulate c-Myc expression after 24 h on
MCF-7 cells. A significant reduction was possible to be observed just after 72 h. To further
explore the metastatic-suppressive actions of melatonin, we performed transwell migration assay
using MDA-MB-231 and 4175-TGL (a highly metastatic cell line derived from MDA-MB-231
cell line). As expected, we found that melatonin was able to reduce cell migration in both triple-
negative breast cancer cell lines.

We have previously shown that melatonin can reduce HIF-1a and VEGF gene and protein
expression®32, Nevertheless, there is no evidence so far about mechanism underlying between
melatonin and oncostatic effects. We can speculate that one possible evidence would be via
microRNAs. miRNAs are small non-coding RNA molecules responsible for modulating several

encoding genes 3334, Currently, there are several studies presenting evidences that miRNAs play a
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crucial role in tumor progression. Therefore, it is essential to understand how miRNAs intervene
in melatonin effects on tumor cell proliferation and migration. So far, the mechanism remains
obscure.  Accordingly, for the first time, the present study identified a set of miRNAs
differentially modulated in melatonin-treated triple-negative MDA-MB-231 cells.

Among the mostly differentially expressed miRNAs, miR-210 and miR-148b were found
upregulated following melatonin treatment and chosen for functional investigations. miR-148b
has been investigated in several tumor types, acting as a tumor suppressor . Its low expression is
closely related to an increase in tumor progression and number of metastases 3. According to
Zhang et al. (2015) high expression of miR-148b in human hepatocarcinoma cells (HepG2) leads
to a decrease in c-Myc protein levels. Instead, in our study increased miR-148b does not influence
melatonin effect on c-Myc or migration in a positive or negative manner in breast cancer cells *°.

miR-210 is considered an oncogenic miRNA, that exhibits HIF-1a, Von-Hippel Lindau
tumor suppressor (VHL) mediated regulation. HIF-1a promotes increased expression of miR-210,
and its miRNA promotes the stabilization of HIF-1o, suggesting a positive feedback loop ¥.
According to literature, high levels of miR-210 leads to an increased cancer progression, reduced
cell cycle arrest and enhanced cancer migration in MCF-7 cells 8, Zhang et al. (2009) reveled
that high levels of miR-210 in human colon carcinoma cells HCT116 led to increased c-Myc
expression through the reduction of MNT, a known MYC antagonist, responsible to impair
proproliferative and proapoptotic functions of c-Myc 3°. Conversely, here we show that miR-210
is upregulated by melatonin in tumor cells, however, a positive miR-210 modulation by melatonin
in these cells shows no increase on cell proliferation or migration. Many studies suggest that miR-
210 can also act as a tumor suppressor, inhibiting tumor initiation. In concordance, Giannakakis et
al. (2008) demonstrated that induction of miR-210 down-regulates E2F3, an important
transcription factor involved in the regulation of the cell cycle in ovarian cancer cells.*’ In
addition, melatonin negatively alters c-Myc expression and impairs migration on cells showing
reduced levels of miR-210.

Similarly, as miR-148b results revealed, melatonin has modulatory action on both
mMiRNAs, however this modulation is not directly associated with the decrease of c-Myc and cell
migration. Moreover, treatments of tumor cells with melatonin can lead to miRNA modulations,
which are not necessarily causative. Regarding c-Myc modulation, a possible hypothesis could be
due this gene do not be directly associated as direct target for miR-148b and miR-210 in triple-
negative breast tumor cells. In addition, melatonin may act to decrease c-Myc through negative
modulation of other genes, such as HIF-1a. According to a recent study published by Vriend and
Reiter (2016), since melatonin plays an important role as an antioxidant, its action leads to a

decrease in ROS (Reactive Oxigen Species) and regulation of several genes, such as HIF-1 and
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VEGF, exhibiting an indirect inhibitory function and independent ER action of this hormone
28,41,42_

According to Reiter et al. (2017) the basic role of melatonin at the molecular level remains
unclear. Widely beneficial functions of melatonin are being identified and considered only
epiphenomena from some melatonin’s fundamental function °. Regarding melatonin-induced
miRNAs modulation, we speculate it could be just “epiphenomenon” due to general dicer/drosha
deregulations by this hormone. Similarly, in a study of Mori et al. (2016) melatonin was able to
downregulate miR-24 expression through inhibition of hnRNP Al, a protein involved in both
mMRNA splicing and miRNA maturation “3. More importantly, the authors observed that mRNA
levels were not regulated by melatonin, suggesting that melatonin has a post-transcriptional
regulation on hnRNP A1l. On this line, the study of Mori et al. (2016) is in concordance with our
findings, suggesting the possible miRNA modulation by melatonin in an indirect way. On the
other hand, it is also possible that melatonin acts via the subtle modulations of groups of miRNAs
and not a specific one, which renders the study of miRNA intervention not easy to perform. It is
already known that one miRNA can potentially modulate the expression of hundreds of genes,
which makes comprehensive very complex prediction of its effect on the cell.

In this way, further studies must be developed to link melatonin to miRNAs, c-Myc, cell
proliferation and migration. The present study was important to understand the role of melatonin
in a possible metastatic pathway involving the regulation of miRNAs. Accordingly, these results
must be strengthened and further experiments are being performed with the objective of

elucidating the specific action of melatonin in this process.

Legends

Table 1. List of Melatonin-Regulated miRNAs in MDA-MB-231 cells.

Table 2. miR-148b and miR-210 are modulated by melatonin on MDA-MB-231 breast cancer cells. Results are
shown as fold changes (meants.e.m.) relative to control cells, normalized on U6 level. (p * < 0.05, treatment versus
control). SEM=Standard Error of Mean.

Figure 1. Melatonin inhibits cell proliferation, impairs migration and reduces c-Myc expression of breast
cancer cells. (A) MCF-7 and MDA-MB-231 cells have been treated with melatonin 1 nM and 1 mM for 24, 48, 72,
96 and 120 h. Each point in the graph corresponds the mean + SEM of the triplicates plus or minus melatonin. The
proliferation ratio was measured by optical density (* p <0.05, ***p < 0.0001 treatment versus control). (B) MDA-
MB-231 and 4175-TGL cells have been treated with melatonin for 48 h and subjected to transwell migration assays.
Histograms and photographs representing cell migration rate. Data represents the mean + SEM of the transwell area
covered by migrated cells, performed in triplicates plus or minus melatonin (* p <0.05, ***p < 0.0001 treatment
versus control). (C) MCF-7 and MDA-MB-231 cells were treated with melatonin for 24 and 72 h and protein extracts
were subjected to Western Blotting with the indicated antibodies. Protein expression was quantified by ImageJ
program and calculated relative to controls, normalized with the endogenous HSP90 and expressed as percentages
(%). (D) MDA-MB-231 cells were treated for 48 h and mRNA levels measured by gRT-PCR analyses. Results are
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shown as fold changes (meanzs.e.m.) relative to control cells, normalized on B-actin level. (p** < 0.001 treatment
versus control). SEM= Standard Error of Mean; ABS=Absorbance.

Figure 2. Melatonin reduces migration and c-Myc expression independently of miR-148b (A) 4175-TGL cells
transduced with miR-148bsponges or pLenti-empty lentivirus have been treated with melatonin (1 mM) for 48 h and
subjected to transwell migration assays. Histograms are representing cell migration rate. Data represents the mean +
SEM of the transwell area covered by migrated cells, performed in triplicates plus or minus melatonin (p*** <
0.0001 treatment versus control). (B) 4175-TGL cells transduced as described above were treated with melatonin for
48 h and protein extracts were subjected to Western Blotting with the indicated antibodies. Protein expression was
quantified by ImageJ program and calculated relative to controls, normalized with the endogenous HSP90 and
expressed as percentages (%). (C). 4175-TGL cells transduced as described above were treated for 48 h and
miRNA levels measured by qRT-PCR analyses. Results are shown as fold changes (meants.e.m.) relative to control
cells, normalized on U6 level. (p > 0.05 treatment versus control). SEM= Standard Error of Mean.

Figure 3. Melatonin reduces migration and c-Myc expression independently of miR-210. (A) MDA-MB-231
cells transiently transfected with anti-miR-210 have been treated with melatonin (1 mM) for 48 h and subjected to
transwell migration assays. Histograms are representing cell migration rate. Data represent the mean + SEM of the
transwell area covered by migrated cells, performed in triplicates plus or minus melatonin (**p < 0.001, p*** <
0.0001 treatment versus control) (B) MDA-MB-231 cells transfected as decribed above were treated with melatonin
for 48 h and protein extracts were subjected to Western Blotting with the indicated antibodies. Protein expression was
quantified by ImageJ program and calculated relative to controls, normalized with the endogenous HSP90 and
expressed as percentages (%) (C) MDA-MB-231 cells transfected as decribed above were treated with melatonin for
48 h and miRNA levels measured by gRT-PCR analyses. Results are shown as fold changes (meanzs.e.m.) relative
to control cells, normalized on U6 level. (* p < 0.05, **p < 0.001, ***p < 0.0001 treatment versus control). SEM=
Standard Error of Mean.
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Tables and Figures

Table 1. List of Melatonin-Regulated miRNAs in MDA-MB-231 cells.

Hsa-miR-518
Hsa-miR-520f
Hsa-miR-576
Down-regulated miRNAs Hsa-miR-545

< 0.5-fold down-regulated miRNA Hsa-miR-200c
Hsa-miR-548d
Hsa-miR-10a
Hsa-miR-452
Hsa-miR-let-7a
Hsa-miR-425
Hsa-miR-17
Hsa-miR-296
Hsa-miR-182b
Hsa-miR-210
Hsa-miR-let-7¢
Hsa-miR-10b
Has-miR-148b

Up-regulated miRNAs
> 1.5-fold up-regulated miRNA
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Table 2. miR-148b and miR-210 are modulated by melatonin (1 mM) on MDA-MB-231 breast cancer cells.
Results are shown as fold changes (meanzs.e.m.) relative to control cells, normalized on U6 level. (p * < 0.05,
treatment versus control). SEM=Standard Error of Mean.

miRNAs MDA-MB-231 MCF-7 Timepoints
Fold change Fold change

miR-let-7a 0.91 0.69 24h
1.25 0.75 72h
miR-let-7c 1.05 1.01 24h
1.48 0.48 72h
miR-10a 1.03 24h
0.94 72h
miR-10b 1.14 24h
1.72 72h
miR-24 1.17 0.71 24h
1.08 0.86 72h
miR-100 0.83 24h
0.77 72h
miR-146a 1.18 24h
0.91 72h
miR-148b 1.53*T 1.10 24h
1.41 1.28 72h
miR-210 1.65% 0.90 24h
1.81 0.66 72h
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Figure 1. Melatonin inhibits cell proliferation, impairs migration and reduces c-Myc expression of breast
cancer cells. (A) MCF-7 and MDA-MB-231 cells have been treated with melatonin (1 mM) for 24, 48, 72, 96 and
120 h. Each point in the graph corresponds the mean + SEM of the triplicates plus or minus melatonin. The
proliferation ratio was measured by optical density (* p <0.05, ***p < 0.0001 treatment versus control). (B) MDA-
MB-231 and 4175-TGL cells have been treated with melatonin for 48 h and subjected to transwell migration assays.
Histograms and photographs representing cell migration rate. Data represents the mean + SEM of the transwell area
covered by migrated cells, performed in triplicates plus or minus melatonin (* p <0.05, ***p < 0.0001 treatment
versus control). (C) MCF-7 and MDA-MB-231 cells were treated with melatonin for 24 and 72 h and protein extracts
were subjected to Western Blotting with the indicated antibodies. Protein expression was quantified by Imagel
program and calculated relative to controls, normalized with the endogenous HSP90 and expressed as percentages
(%). (D) MDA-MB-231 cells were treated for 48 h and mRNA levels measured by qRT-PCR analyses. Results are
shown as fold changes (meanzs.e.m.) relative to control cells, normalized on B-actin level. (p** < 0.001 treatment
versus control). SEM= Standard Error of Mean; ABS=Absorbance.
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Figure 2. Melatonin reduces migration and c-Myc expression independently of miR-148b (A) 4175-TGL cells
transduced with miR-148bsponges or pLenti-empty lentivirus have been treated with melatonin (1 mM) for 48 h and
subjected to transwell migration assays. Histograms are representing cell migration rate. Data represents the mean +
SEM of the transwell area covered by migrated cells, performed in triplicates plus or minus melatonin (p*** <
0.0001 treatment versus control). (B) 4175-TGL cells transduced as described above were treated with melatonin for
48 h and protein extracts were subjected to Western Blotting with the indicated antibodies. Protein expression was
quantified by ImageJ program and calculated relative to controls, normalized with the endogenous HSP90 and
expressed as percentages (%). (C). 4175-TGL cells transduced as described above were treated for 48 h and
miRNA levels measured by qRT-PCR analyses. Results are shown as fold changes (meants.e.m.) relative to control
cells, normalized on U6 level. (p > 0.05 treatment versus control). SEM= Standard Error of Mean.
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Figure 3. Melatonin reduces migration and c-Myc expression independently of miR-210. (A) MDA-MB-231
cells transiently transfected with anti-miR-210 have been treated with melatonin (1 mM) for 48 h and subjected to
transwell migration assays. Histograms are representing cell migration rate. Data represent the mean + SEM of the
transwell area covered by migrated cells, performed in triplicates plus or minus melatonin (**p < 0.001, p*** <
0.0001 treatment versus control) (B) MDA-MB-231 cells transfected as decribed above were treated with melatonin
for 48 h and protein extracts were subjected to Western Blotting with the indicated antibodies. Protein expression was
quantified by ImageJ program and calculated relative to controls, normalized with the endogenous HSP90 and
expressed as percentages (%) (C) MDA-MB-231 cells transfected as decribed above were treated with melatonin for
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48 h and miRNA levels measured by gRT-PCR analyses. Results are shown as fold changes (meants.e.m.) relative
to control cells, normalized on U6 level. (* p < 0.05, **p < 0.001, ***p < 0.0001 treatment versus control). SEM=
Standard Error of Mean.
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IV. DISCUSSAO

A melatonina tem sido considerada um potencial agente oncostatico natural e
altos niveis deste hormdnio séo inversamente proporcionais ao desenvolvimento tumoral
(MAO et al., 2010; PROIETTI et al., 2013). No presente estudo nossos resultados
revelaram um importante papel da melatonina na inibicdo da proliferacdo e migracéo
celular da linhagem de cancer de mama metastatica e triplo-negativa.

No cancer de mama, as ac¢des antitumorais da melatonina foram especialmente
avaliadas em tumores RE-positivos, atuando através de seus receptores de membrana,
denominados MT1 e MT2 (HILL et al., 2015; VRIEND; REITER, 2016). Portanto,
considerando a efetividade da melatonina em células receptores de estrogeno-positivas, e
a fim de corroborar estes dados, também foram utilizadas no presente estudo células
MCF-7. Nossos resultados demonstraram que a melatonina apresentou efeito inibitorio
sobre a proliferacdo em células ER-positivas apos 24 h de tratamento. Mais interessante,
a melatonina foi capaz de inibir a proliferacdo de células tumorais de mama triplo-
negativas MDA-MB-231, no entanto, para atingir uma diminuicdo estatisticamente
significante, foi necessario 72 h de tratamento quando comparada as células RE-positivas.
Com base nestes achados, pode-se inferir que a acdo da melatonina no controle da
proliferacdo de células triplo-negativas sdo tempo-dependente em relacéo as células RE-
positivas. Em recente estudo de Kim e Cho (2017) a melatonina reduziu a taxa de
migracdo e invasdo das células da linhagem de céncer de mama triplo-negativo MDA.-
MB-231, no entanto, os autores ndo observaram nenhum efeito sobre a proliferacdo apds

o0 tratamento com melatonina por 48 h (KIM; CHO, 2017).
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O efeito antiproliferativo da melatonina esta intimamente relacionado com sua
capacidade de se ligar e interagir com os receptores de membrana MT1 e MT2. Tanto
linhagens celulares ER-positivas como ER-negativas expressam o receptor MT1, no
entanto, estudos recentes mostraram que tumores ER-positivos possuem maior expressao
de MT1 em comparagdo com tumores triplo-negativos, como células MDA-MB-231
(HILL et al., 2011; REITER et al., 2017). Uma vez que células MDA-MB-231
apresentam menor atividade molecular na via de sinalizagdo MT1, a melatonina mostra
também agir em células ER-negativas através de processos que nao envolvem o0s
receptores de membrana MT1/MT2. A natureza lipofilica da melatonina proporciona sua
passagem através da membrana celular, permitindo assim, sua interagdo com uma serie
de fatores de transcricdo encontrados no citoplasma, e acesso a sitios de ligagdo nuclear
que estdo envolvidos principalmente na regulacdo da proliferacdo celular
(MEDIAVILLA et al., 2010; PENNA et al., 2011; REITER et al., 2017; SANCHEZ-
BARCELO et al., 2012).

Nossos resultados também demonstraram que a melatonina foi capaz de modular
negativamente a expressdo de c-Myc em ambas linhagens celulares MCF-7 e MDA-MB-
231. Essencialmente, a melatonina reduziu a expresséo de c-Myc em células MDA-MB-
231 apos 24 h, além disso, o tratamento em longo prazo levou a uma maior reducao da
expressdo deste oncogene. Em contraste, a melatonina ndo alterou a expresséo de c-Myc
apos 24 h em células MCF-7 e uma reducao significativa foi apenas observada apos 72 h.
Vale ressaltar que este € o primeiro estudo que verificou o efeito da melatonina na

modulacdo de c-Myc em células triplo-negativas, até o presente momento.
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Adicionalmente, a fim de explorar as acGes antimetastaticas da melatonina, foi
realizado o ensaio de migragéo celular utilizando as linhagens MDA-MB-231 e, 4175-
TGL (linhagem celular altamente metastatica derivada das células MDA-MB-231). Como
esperado, nossos resultados demonstraram que a melatonina levou a uma redugéo da taxa
de migracdo celular em ambas linhagens de cancer de mama triplo-negativo. Portanto,
ndo ha evidéncias concretas sobre 0 mecanismo molecular responsavel pelo blogueio da
progressdo tumoral pela melatonina. Pode-se supor que uma possivel evidéncia seria
através da modulacéo de microRNAs.

Os miRNAs séo pequenas moléculas de RNA ndo codificantes responsaveis pela
modulacdo de varios genes (ACUNZO et al.,, 2015; YAHYA; ELSAYED, 2015).
Atualmente, uma série de estudos apresentam indicios de que os miRNAs desempenham
papel crucial na progressdo tumoral. No entanto, até o presente momento, muito pouco se
sabe sobre a interacdo dos miRNAs e melatonina. Portanto, torna-se essencial a
compreensdo de como estas pequenas moléculas intervém nos efeitos da melatonina na
proliferacdo e migracdo de células tumorais.

Desta forma, pela primeira vez, o presente estudo identificou um conjunto de
miRNAs diferencialmente modulados pela melatonina em células triplo-negativas MDA.-
MB-231. Dentre os miRNAs diferencialmente modulados ap6s tratamento com
melatonina, 0 miR-210 e 0 miR-148b foram selecionados para investigagdes funcionais.
Consistente com os dados do PCR Array, as analises de independentes gRT-PCR
revelaram e confirmaram alta expresséo de miR-148b e miR-210 nas células tratadas com

melatonina.
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O miR-148b tem sido verificado em varios tipos tumorais, atuando como
supressor tumoral. Sua baixa expressdo esta intimamente relacionada ao aumento da
progressdo do tumor e ao nimero de metastases (CHEN; SONG; WANG, 2013). De
acordo com Zhang e colaboradores (2015), a alta expressdo de miR-148b em células de
hepatocarcinoma humano (HepG2) leva a uma diminuicdo nos niveis de proteina c-Myc
(ZHANG et al., 2015). Ao contrério do estudo acima, nossos resultados demonstraram
que apesar da melatonina influenciar na modulacdo positiva do miR-148b em células
tumorais de mama triplo-negativas, esta modulacdo ndo foi necessariamente causativa
para regular a expressdo de c-Myc ou diminuir a taxa de migragdo destas células.

Uma parte dos estudos aponta 0 miR-210 como um miRNA oncogénico, que
exibe regulacdo mediada por HIF-1a ¢ Von-Hippel Lindau (VHL). HIF-1a promove o
aumento da expressdo de miR-210, e por sua vez miR-210 promove a estabiliza¢do do
HIF-1a, sugerindo um positive feedback loop (DANG; MYERS, 2015). De acordo com a
literatura, niveis elevados de miR-210 promovem aumento da proliferacdo celular e
reducdo da parada do ciclo celular em linhagem ER-positiva MCF-7 (LIU et al., 2016).
Zhang e colaboradores (2009) revelaram que altos niveis de miR-210 em células de
carcinoma de célon humano HCT116 levaram a uma maior expressdo de c-Myc através
da reducdo de MNT, um conhecido antagonista de c-Myc, responsavel por prejudicar as
funcbes proliferativas e apoptoticas de c-Myc (ZHANG et al., 2009). Inversamente, aqui
mostramos que 0 miR-210 é regulado positivamente pela melatonina em células tumorais
triplo-negativas, no entanto, a modulagdo positiva desta pequena molécula ndo levou ao
aumento da proliferacdo ou migracao celular. Estudos sugerem que 0 miR-210 também

pode atuar como um supressor tumoral. Em concordancia com esta hipdtese, He e
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colaboradores (2013) demonstraram que células CNE sob condigdes de hipoxia e
modificadas com altos niveis de miR-210 apresentaram diminuicdo na taxa de
proliferacdo celular. Além disso, os autores observaram que genes relacionados com
mitose e ciclo celular, incluindo PLK1, CDc25B e Cyclin F eram alvos diretos de miR-
210, sugerindo seu papel inibitério na formacdo tumoral (HE et al., 2013).

No que diz respeito a acdo da melatonina nas células tumorais triplo-negativas
modificadas com inibidores de miR-210, foi possivel observar que este hormonio
modulou negativamente a expressdo de c-Myc e afetou a migracdo das células tumorais.
Da mesma forma, como observado nos resultados sobre 0 miR-148b, a melatonina possui
acdo modulatéria sobre ambos os miRNAs, no entanto esta modulagdo ndo esta
diretamente associada com a diminuicdo de c-Myc e com a taxa de migracdo celular. Os
resultados encontrados neste estudo sugerem que tratamentos de células tumorais com
melatonina podem levar a modulages de miRNAS, no entanto ndo Sdo necessariamente
causativas aos efeitos observados nos experimentos funcionais. Em relagdo a modulacéo
de c-Myc, uma possivel hipétese seria que este gene ndo esta diretamente associado como
um alvo direto para miR-148b e miR-210 na linhagem tumoral de mama triplo-negativa.
Além disso, a melatonina pode atuar na diminuicdo de c-Myc atraves da modulacdo
negativa de outros genes, como por exemplo o HIF-1a. Segundo recente estudo publicado
por Vriend e Reiter (2017), uma vez que a melatonina apresenta importante papel como
agente antioxidante, sua acdo leva a uma diminuicdo de ROS e regulacao de varios genes,
como HIF-1 e VEGF, exibindo uma funcéo inibitdria indireta e acdo independente de RE

deste hormonio(BLASK et al., 2005; KIM et al., 2013; VRIEND; REITER, 2016).
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De acordo com Reiter e colaboradores (2017), o papel basico da melatonina em
nivel molecular ainda ndo esté totalmente elucidado. Fungdes extremamente benéficas da
melatonina estdo sendo identificadas e consideradas apenas como epifenébmenos da
funcéo principal deste hormonio (REITER et al., 2017). Quanto a modulacdo de miRNAs
induzidos pela melatonina, especula-se que poderia ser apenas um "epifendmeno” ou
uma consequéncia de um fenémeno primario devido a desregulagdes gerais das enzimas
Dicer/Drosha, ambas responsaveis pela sintese dos miRNAs.

Adicionalmente e ainda de acordo com nossos resultados, em um estudo de Mori
e colaboradores (2016), a melatonina foi capaz de minimizar a expressdo de miR-24
através da inibicdo de hnRNP Al, uma proteina envolvida na sintese e maturacdo dos
miRNAs (MORI et al., 2016). Mais importante ainda, 0s autores observaram que 0s
niveis de mMRNA de hnRNP ndo eram regulados pela melatonina, sugerindo acdo pds-
transcricional deste horménio na modulacdo sobre hnRNP Al. Nesta linha, o estudo de
Mori estd em concordancia com nossos achados, sugerindo uma possivel modulag¢do dos
miRNAs pela melatonina, no entanto de uma forma indireta. Outra hipétese levantada, é
que a melatonina poderia atuar na modulagdo de miRNAs através de um grupo destas
moléculas, e ndo especificamente regulando apenas um. Vale a pena ressaltar que um
unico miRNA pode potencialmente modular a expressdo de centenas de genes, 0 que
torna abrangente e muito complexo o efeito dos miRNAs nas células (ACUNZO et al.,
2015).

Portanto, estudos adicionais devem ser desenvolvidos para melhor compreender
a relacdo entre a melatonina, miRNAs, c-Myc, proliferacdo celular e migracdo. Os dados

apresentados no presente estudo sdo importantes para entender o papel da melatonina em
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uma possivel via metastatica envolvendo a regulacdo de miRNAs em linhagem triplo-
negativa. Desta forma, esses resultados devem ser fortalecidos, e outros experimentos
estdo sendo realizados com o objetivo de elucidar a agdo especifica da melatonina neste

processo, com o objetivo de mais uma vez contribuir para um melhor progndstico.
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V. CONCLUSOES

O seguinte trabalho permitiu estabelecer as seguintes conclusdes:

e A melatonina é capaz de reduzir a proliferacdo celular das linhagens de cancer de
mama metastatica e triplo-negativa MDA-MB-231 e ndo metastatica e RE-positiva
MCF-7. Além disso, afeta a capacidade de migracao celular das linhagens tumorais
MDA-MB-231 e 4175-TGL,;

e A melatonina regula negativamente a expressdo de c-Myc nas linhagens tumorais
MDA-MB-231 e 4175-TGL,;

e miR-148b e miR-210 sdo diferencialmente expressos apds tratamento com
melatonina. No entanto, os efeitos desta regulacdo ndo influenciaram os estudos

funcionais utilizando o possivel alvo c-Myc;

e Em conjunto, nossos resultados confirmam o efeito da melatonina na inibi¢do da
proliferacdo e migracdo celular, especialmente em células triplo-negativas,
evidenciando seu importante papel no controle da progresséo tumoral.
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