UNIVERSIDADE FEDERAL DE MATO GROSSO DO SUL
FACULDADE DE CIENCIAS FARMACEUTICAS, ALIMENTOS E NUTRICAO
PROGRAMA DE POS-GRADUACAO EM FARMACIA

Derivados retindides para o tratamento de cancer de mama: estudos de

mecanismos celulares e moleculares

BARBARA DE TOLEDO ROS

Dissertacao de Mestrado

Campo Grande
2017



BARBARA DE TOLEDO ROS

Derivados retinoides para o tratamento de cancer de mama: estudos de
mecanismos celulares e moleculares

Dissertacao de Mestrado apresentada ao
Programa de  Pés-Graduacdo em
Farmacia da Universidade Federal de
Mato Grosso do Sul como requisito parcial
para a obtencdo do titulo de Mestre em

Farméacia.

Orientador: Prof. Dr. Adriano César de Morais Baroni

Co-orientadora: Profa. Dra. Renata Matuo

Campo Grande
2017



DEDICO AOS MEUS PAIS QUE GUIARAM
MEUS PASSOS ATE AQUI E ME FIZERAM
ACREDITAR QUE O SONHO ERA
POSSIVEL.



AGRADECIMENTOS

A Deus e a Meishu-Sama, pelas béngaos e protecoes recebidas, por ndao me
deixarem fraquejar nos momentos dificeis e me mostrarem que minha fé é mais forte
do que eu imaginava,;

Aos meus pais, Antonio e Juliana, meus maiores exemplos de perseveranca e 0s
melhores professores que a vida poderia me dar, sem vocés nada disto seria
possivel. Todos os puxdes de orelha, os esforcos e a saudade que sentimos
valeram muito a pena;

Ao meu super companheiro, Felipe, que esteve comigo nos momentos mais dificeis
e mais felizes da minha vida. Meu motorista e cozinheiro pra todas as horas,
aguentou todas as minhas loucuras e reclamacdes, e me acompanhou nas longas
madrugadas de pesquisa e laboratério sem nunca hesitar;

A minha irm&, Denise, pelas longas conversas ao telefone que deixam minha orelha
doendo, pelas risadas, maluquices e pelo companheirismo de sempre. Vocé me fez
ver que é preciso saber aproveitar as coisas boas da vida enquanto ha tempo;

Aos meus orientadores, professora Dra. Renata Matuo e professor Dr. Adriano
César de Morais Baroni, por terem me acompanhado nesta jornada, pelos conselhos
e ensinamentos ministrados, pela dedicacao, paciéncia e confianga no meu trabalho,
€ por nunca desistirem de mim;

A professora Dra. Maria de Fatima Cepa Matos por conceder as células utilizadas
neste estudo;

Ao professor Dr. Rodrigo Juliano Oliveira por permitir que os experimentos fossem
realizados nas dependéncias do Centro de Células Tronco, Terapia Celular e
Genética Toxicolégica (CeTroGen);

Ao Laboratério de Quimica Farmacéutica pelo fornecimento dos compostos
utilizados neste estudo;

As minhas irmas de alma e profissdo, Camile, Carol, Edrita e Maria Isabel, por todos
esses anos de convivéncia, amizade, confianca e amor que s6 a gente entende;

As minhas companheiras de casa e amigas, Aline e Stephanie, pelo
companheirismo, por todas as conversas e risadas, por aguentarem meus surtos e
minha frescura com comida. E na nossa louca e complicada vida universitaria que a

gente se entende;



Aos meus amigos, Neide, Antonio, Matheus, Edgar, Batman, Robison, Diego,
Carlos, Nayara e Junior, por me proporcionarem dias felizes e inesqueciveis, por
todas as festas e comilanca, pelas melhores risadas que sé a cachaca, o cansaco e
a nossa babaquice nos proporcionam;

Aos meus colegas de laboratério, Natan, Claudia, Sara, Naiara, Fabricia e Michel,
pelo companheirismo, paciéncia e auxilio no projeto;

As técnicas de laborat6rio, Ana Cristina e Rose, pelo auxilio na execucao do projeto,
pelas conversas, agradavel convivéncia e companhia nos almogos;

A Coordenacédo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) pela
bolsa concedida;

Muito obrigada!



“A percepcdo do desconhecido é a mais
fascinante das experiéncias. O homem
que ndo tem os olhos abertos para o
misterioso passard pela vida sem ver
nada”

Albert EFinstein



SUPORTE FINANCEIRO

Este trabalho foi desenvolvido nas dependéncias do Centro de Células Tronco,
Terapia Celular e Genética Toxicolégica (CeTroGen) do Hospital Universitario Maria
Aparecida Pedrossian (HUMAP) da Universidade Federal de Mato Grosso do Sul
(UFMS). O projeto foi financiado pelo Conselho Nacional de Auxilio a Pesquisa
Cientifica (CNPq), pela Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) e pelo Programa de Educacgao Tutorial (PET-Farmacia/UFMS).



SUMARIO

[ S U 9
Y = B I Y O 10
LISTA DE ABREVIATURAS E SIGLAS........coorrrrrrrrrssssmsse s s s e ssssssssssmmsssssenes 11
LISTA DE FIGURAS. ... oreccccceescmeenr s sesssssssssmss s s s s sessssssssssmsss s s sssssssssssnmmnssnsnnes 12
0= T 11 (1] o 15
1. Revisao da literatura..........cccceemmmmiiiiisccsssccerr s se e ssmmmne e e 15
R 02 T 5 e - 15
P2 02 T3 TeT=T o (=01 - 1 1 1 F- T 15
1.3.Vitamina A e retinGides .......ccccccmmmriiiciicccsec e 17
1.4.Receptores retindides e mecanismos de agao ........cceecerrrrrsmerrrsinanes 18
1.5.Retindides e sua aplicacao na terapia antitumoral.................cccuuuueceee 18
1.6.Retindides e o tratamento anticancer de mama..........cccccviivemenrniinnes 20
1.7.Retindides derivados de 1,2,3-triazdlicos retinoidais .........cccccuuueccccee 21
Referéncias bibliograficas ........ccccuieiommiriccssmiinc e .23
ODJELIVOS ...coeciiiieeen e 32
3.1.0Dbjetivo geral ... ———————————— 32
3.2.0bjetivos eSPecCifiCos ......ccoomiirrirmriirrme s 32
LO7-To 1111 Lo T Il 1 F= T 0 U= o7 4 o 2 33

Y1 10 1 61



RESUMO

O cancer de mama é o tipo de cancer mais comum entre as mulheres e acomete
milhares de mulheres todos os anos. Sua incidéncia vem aumentando juntamente
com seus fatores de risco. Grandes sdo os esforcos para o desenvolvimento de
novas terapias mais eficientes e menos téxicas, sendo os estudos com derivados
retindides muito promissores nestes aspectos. Os retindides desempenham papel
em diversas fungdes bioldgicas, incluindo controle de crescimento e apoptose, e
suas fungdes gendmicas sdo mediadas através de ligagdes a receptores nucleares
especificos presentes em células tumorais de mama. Tratamentos envolvendo
combinacao entre retindides e outros agentes quimioterapicos estdo sendo testados
e apresentados como novas alternativas, a fim de obter efeitos sinérgicos no
controle de proliferagdo e morte celular. O presente trabalho analisou os
mecanismos celulares e moleculares envolvidos na resposta a duas novas
moléculas retindides denominadas de RT1 e RT3, derivadas de modificacoes
moleculares nos compostos lidereres AM80 e AM580, ligantes seletivos RARa, e
sua associacao aos agentes antitumorais 5-fluorouracil, gencitabina, irinotecano,
metotrexato, paclitaxel e tamoxifeno, em células da linhagem de adenocarcinoma de
mama MCF-7. A citotoxicidade dos compostos foi avaliada juntamente com sua
capacidade de induzir apoptose e interferir na proliferacdo celular. Adicionalmente
foram analisados os efeitos das combinacées entre os compostos e diferentes
agentes quimioterapicos. Os resultados mostraram que os farmacos diminuem a
viabilidade celular e causam morte celular por apoptose e reducao no numero de
células em proliferagdo em periodos curtos de tratamento. Além disso, quando
combinados com o tamoxifeno, os retindides potencializaram a morte celular por
apoptose, bem como a reducao de células proliferativas. Assim, estas observagdes
possibilitam o desenvolvimento de novos protocolos terapéuticos que utilizem
retindides seletivos no tratamento de cancer de mama que poderdo proporcionar

uma menor toxicidade, melhor interacéo e ativagdo com os receptores nucleares.

Palavras-chave: cancer de mama, receptores retindides, retindides, quimioterapia,
MCF-7
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ABSTRACT

Breast cancer is the most common type of cancer among women and affects
thousands of women every year. Incidence is increasing along with their risk factors.
Great efforts have been done to develop new more efficient and less toxic therapies,
and studies with derivatives retinoids are very promising in these aspects. Retinoids
play a role in several biological functions including growth and apoptosis control, and
their genomic functions are mediated through connections to specific nuclear
receptors in breast tumor cells. Treatments based on retinoids combination with
chemotherapeutic agents are being investigated and presented as new alternatives
in order to achieve synergistic effects in cellular proliferation control and cell death.
This study analyzed cellular and molecular mechanisms involved in the response to
two new molecules retinoids called RT1 and RT3 derived from molecular changes to
the leads compounds AM80 and AMS580, selectives ligands RARa, and its
association with antitumor agents 5-fluorouracil, gemcitabine, irinotecano,
methotrexate, paclitaxel and tamoxifen in breast adenocarcinoma line cells MCF-7.
Cytotoxicity was performed along with its ability to induce apoptosis and interfere in
cell proliferation. In addition the effects of combinations of compounds and various
chemotherapeutic agents were analyzed. Results showed that the drugs decreased
cell viability, caused cell death by apoptosis and decrease in number of proliferating
cells in short periods of treatment. Furthermore, when combined with tamoxifen,
retinoids potentiated cell death by apoptosis, as well as the reduction of proliferating
cells. Thus, these findings allow the development of new treatment protocols using
selective retinoids in treating breast cancer that may provide a lower toxicity, better

interaction and activation with nuclear receptors.

Keywords: breast cancer, retinoids receptors, retinoids, chemotherapy, MCF-7
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Figura 7. Morte celular por apoptose (A) ou necrose (B) apés o
tratamento com RT1 e RT3. Valores de ICsy dos retindides foram
utilizados combinados ou ndo com o TAM, por 6h (barras cinzas), 24h
(barras pretas) e 48h (barras listradas) de tratamento. Foram analisadas
100 células por réplica, classificadas pelo aspecto morfolégico e coloragéao
diferencial por brometo de etidio e acridina laranja. Os gréaficos
representam as médias e o erro padrao da média de duas repeticdes
independentes com duas réplicas. As diferencas estatisticas entre os
tratamentos do mesmo tempo experimental (barras de mesma cor) foram
analisadas por ANOVA/Tukey, sendo que letras diferentes indicam
diferenca estatistica (p<0,05). A comparacao estatistica entre os grupos
de tratamentos em seus diferentes tempos experimentais foi feita por
ANOVA/Tukey, sendo que asteriscos indicam diferenca estatistica
(p<0,05).

Figura 8. Proliferacao celular empregando a marcacao das células com
BrdU por imunofluorescéncia apds tratamento com RT1 e RT3. Foram
analisadas 100 células por réplica, classificadas a partir da incorporacao
de BrdU (quanto maior a incorporagdo de BrdU, maior é a atividade
proliferativa das células analisadas). Os valores de ICsy dos retindides
foram utilizados combinados ou ndo com o TAM. (A) Células em
proliferacao (vermelho); células que ndo estao em proliferagdo (azul); (a)
Controle; (b) TAM; (c) RT1; (d) RT1+TAM; (e) RT3; e (f) RT3+TAM. (B) Os
graficos representam as médias € o0 erro padrdo da média de duas
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letras diferentes indicam diferenga estatistica (p<0,05).
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Capitulo |
1. Revisao da literatura
1.1. Cancer

Cancer é o nome dado a uma colecdo de doengcas nas quais ocorre 0
crescimento rapido e desenfreado de células anormais, podendo afetar
negativamente as células saudaveis e levar a morte do paciente (AL-SHEDDI et al.,
2015). Estas células anormais podem se proliferar em diferentes tipos de tecidos,
que incluem ossos, musculos ou cartilagens, podendo se espalhar para outras
regibes do corpo formando metastases (INCA, 2017a). O processo de
carcinogénese esta relacionado com diversos fatores, tais como: desregulacdo da
angiogénese; alteracdes genéticas herdadas; danos no DNA induzidos por agentes
fisicos, quimicos e bioldgicos; e o envelhecimento (WANG et al., 2015). Entretanto,
as chances de cura sdo muito provaveis quando detectado precocemente e tratado
de maneira adequada (IBCC, 2017).

Somente no ano de 2012, cerca de 14 milhdes de novos casos surgiram no
mundo todo e foram reportadas 8,8 milhdes de mortes relacionadas a doenga no
ano de 2015, sendo que 70% do total de mortes ocorreram na Africa, Asia e América
Central e do Sul. Nas proximas duas décadas é esperado um aumento em torno de
70%, de 14 milhdes para 22 milhdes, de novos casos (WHO, 2017). Segundo
estimativas do INCA (2016) para o Brasil, biénio 2016-2017, ocorrerao cerca de 600
mil novos casos de cancer e o perfil epidemiolégico observado é semelhante ao da
América Latina e do Caribe.

1.2. Cancer de mama

Dentre os diversos tipos de cancer, o cancer de mama é o tipo mais comum
entre as mulheres e sua incidéncia estda aumentando na maioria dos paises e, para
os proximos 20 anos, esta projetado para aumentar ainda mais, mesmo com todos
os esforcos atuais para preveni-lo (ECCLES et al.,, 2013; ARNOLD et al., 2013;
RAHIB et al., 2014; COLDITZ & BOHLKE, 2014; HOWELL et al., 2014). Este tipo de
cancer foi responsavel por 571.000 mortes em 2015, no mundo (WHO, 2017), e
14.388 mortes em 2013, no Brasil, sendo estimado o surgimento de 57.960 novos
casos, apenas em 2016 (INCA, 2017b).
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Estudos sugerem que milhares de genes podem contribuir com as
fisiopatologias do cancer de mama quando desregulados por meio de alteracdes
gendmicas e epigenéticas (NEVE et al., 2006). O aumento de sua incidéncia tem
sido relacionado com o aumento no numero dos fatores de risco como: menstruacao
precoce; primeira gravidez tardia; menos gravidezes; menores ou nenhum periodo
de amamentacdao; menopausa tardia; aumento da obesidade; consumo de alcool;
inatividade; terapia de reposicdo hormonal (TRH) (COLDITZ & BOHLKE, 2014;
HOWELL et al., 2014); e mutagdes em genes de reparo de DNA BRCA 1 e BRCA 2
(SAMAVAT & KURZER, 2016).

Tumores de mama em estagio inicial exigem abordagens multifatoriais de
tratamento para erradicagcdo residual e prevencdo de possivel recorréncia da
doenca. Sendo assim, compreender as vias que promovem ou sustentam o
crescimento e invasao das células tumorais é essencial para um tratamento eficaz
(LIN & RUGO, 2007; VOGT et al.,, 2007; SCHLOTTER et al., 2008). Segundo a
American Cancer Society (ACS, 2014b), a doenca pode ter inicio em diferentes
partes da mama, tais como nos ductos galactéforos que levam o leite ao mamilo;
nas glandulas que secretam o leite materno; e em tecidos da mama. Por
apresentarem diferentes localizacdes e caracteristicas, seus tipos sédo diversos: o
carcinoma ductal in situ ou carcinoma intraductal (DCIS) considerado nao invasivo; o
carcinoma ductal invasivo (IDC) iniciado nos ductos e capaz de desenvolver
metastase; o carcinoma lobular invasivo (ILC) encontrado nas glandulas produtoras
de leite (I6bulos); o cancer de mama inflamatério (IBC) um tipo invasivo raro; e o
angiosarcoma encontrado em células que revestem os vasos sanguineos ou vasos
linfaticos (ACS, 2014a).

O estrogénio, horménio esterdide derivado do colesterol C27 (SAMAVAT &
KURZER, 2016), desempenha um papel importante no desenvolvimento e
progressdo de canceres de mama (BUZDAR & HOWELL, 2001; DOWSETT, 2003;
BUZDAR, 2009). Segundo Winer (2005), trés quartos de todos os tumores de mama
invasivos sao receptores de estrogénio positivo (RE+) ou receptores de
progesterona positivo (RP+), tornando o receptor de estrogénio (RE) um importante
alvo para terapias enddcrinas (hormonais) que visam o bloqueio de acao do
estrogénio. Estudos moleculares de terapias-alvo envolvendo os REs e o tamoxifeno
(modulador seletivo RE), e o receptor de crescimento epidermal humano 2 (HER2) e

o trastuzumabe (anticorpo monoclonal) mostram melhorias consideraveis em taxas
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de cura e prevencao do cancer de mama (SCHLOTTER et al., 2008). Infelizmente,
muitas vezes, existem resisténcias aos tratamentos que podem limitar os beneficios
oferecidos pelas terapias. Estas informacdes nos levam a estudar novas estratégias
para terapias voltadas a inducdo de apoptose e interferéncias na transdugdo do

sinal, angiogénese e ciclo celular.

1.3. Vitamina A e retindides

A vitamina A (retinol) € o composto de origem natural e protétipo dos
retindides, que estdo presentes em todos os organismos vivos (DI MASI et al.,
2015). Ela desempenha papel crucial nos processos bioldgicos, incluindo
crescimento e diferenciacdo celular, desenvolvimento, metabolismo e imunidade
(ORTIZ et al., 2002). Seus derivados, os metabdlitos ativos do acido retindico ou
retindides (classe de analogos da vitamina A), podem ser de moléculas de origem
natural, como os compostos acido trans-retinéico (ATRA) e acido 9-cis-retindico (9-
cis-RA) ou sintéticas, tais como o TTNPB e o bexaroteno (BOEHM et al., 1994).

Retindides sao naturalmente de baixo peso molecular, isoprendides
insaturados soluveis em gordura, exercem as suas fungdes bioldgicas
principalmente pela regulacdo da expressao do gene (BUSHUE & WAN, 2010) e
desempenham um papel essencial em varios aspectos da fisiologia e
desenvolvimento dos mamiferos, incluindo a espermatogénese, fertilizacao,
manutencao da gravidez, morfogénese, organogénese, crescimento fetal, perinatal
(DI MASI et al., 2015), além de ajudar a manter a homeostase e mediar a protecao
contra doencas como o cancer (DAS et al., 2014). No adulto, eles regulam a
reproducao, funcado imune, visado, proliferacao celular, diferenciacédo, a ativacao de
genes supressores de tumores (ALIZADEH et. al., 2014), e sdo necessarios para 0
bom funcionamento da pele, pulmao, medula 6ssea, figado e sistema neuronal (DI
MASI et al., 2015).

As funcgbes gendmicas dos retindides sdo mediadas através das suas ligagbes
a receptores retindides nucleares especificos de DNA que podem estar presentes
em tumores de mama (DAS et al., 2014). Por esta raz&o, os retindides tém sido
estudados em pacientes com carcinoma de mama (ALSAFADI et al., 2013) a fim de
inibir a proliferacdo das células cancerosas e induzir a diferenciacdo de células

malignas.
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Com a finalidade de obter aumento da poténcia e diminuicdo dos efeitos
adversos e toxicidade desses farmacos, uma série de modificacbes moleculares
foram realizadas em agentes retinoidais e o0s novos andalogos sintetizados
mostraram um grande potencial contra uma série de malignidades como: cancer de
ovario, mama, préstata, leucemia, entre outras (SIMONI et al., 2001). O grande
desafio para os quimicos que sintetizam novos retindides € projetar e sintetizar

ligantes de receptores de subtipos especificos (DAS et al., 2014).

1.4. Receptores retindides e mecanismos de acao

Os receptores retindides pertencem a superfamilia dos receptores dos
esterdides, dos horménios tireoidianos e da vitamina A (COSTA, 2004). Duas
classes distintas de receptores retindides tém sido identificadas: os receptores do
acido retindico (RAR) e receptores de retindide X (RXR). Cada classe de receptor
contém trés subtipos - a, B, e y, suas diferentes isoformas e localizacdes
cromossOmicas. Esses subtipos sdo produtos de genes diferentes e cada um
apresenta um perfil de expressdo espaco-temporal diferente durante o
desenvolvimento embrionario, que varia em fung¢éo do tipo celular (MANGELSDORF
et al., 1994; CHAMBON, 1996; BASTTIEN & ROCHETTE-EGLY, 2004; COSTA,
2004). O RAR pode ser ativado pelo ATRA e 9-cis-RA, enquanto que o RXR é
ativado exclusivamente por 9-cis-RA e podem formar homo- e heterodimeros com
outros receptores (BUSHUE & WAN, 2010).

Os retindides exercem suas acdes principalmente através da ligacdo aos
receptores que sao reguladores homeostaticos e de transcricdo (CONNOLLY et al.,
2013). Desde 1991 estudos apontam os efeitos dos retindides sobre a proliferacao e
a diferenciagao celular mostrando que tais efeitos sdo possiveis a partir da inducao
ou repressao de genes que codificam os fatores de crescimento (SPORN &
ROBERTS, 1991) e componentes da matriz extracelular (VASIOS et al., 1991). Os
receptores retindides regulam a transcricao de genes através do recrutamento de
co-repressores e coativadores (DAS et al., 2014).

1.5. Retindides e sua aplicacao na terapia antitumoral

Os retindides tém sido investigados extensivamente pela sua utilidade na
prevencao e tratamento do céncer. Eles podem induzir a diferenciagdo e/ou
apoptose, mostram atividade antiproliferativa e anti-oxidante, apresentando grande
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potencial como quimioterapéuticos ou agentes quimiopreventivos (DAS et al., 2014).
Estudos com pacientes com tumores sélidos apresentaram sensibilidade ao acido
retindico (ARRIETA et al., 2010; BRYAN et al., 2011; ALSAFADI et al., 2013),
sugerindo sua eficacia para alguns subconjuntos. O sucesso também tem sido
alcancado com a sua utilizacdo no tratamento de subtipos de leucemia abrigando
translocacées cromossémicas (CONNOLLY et al., 2013). Eles também tém sido
relatados para evitar varios tipos de canceres, incluindo o carcinoma hepatocelular
(SHIOTA & KANKI, 2013; ALIZADEH et al., 2014).

A tretinoina é um exemplo de retindide utilizado em ensaios clinicos para o
tratamento de diversos tipos de cancer como o linfoma, a leucemia, melanoma,
cancer do pulmao, cancer cervical, cancer do rim, neuroblastoma e glioblastoma
(BUSHUE & WAN, 2010).

Para aumentar a poténcia e diminuir os efeitos adversos e a toxicidade
desses farmacos, uma série de modificacdes moleculares foram realizadas nos
agentes retinoidais, e seus analogos obtidos mostram um grande potencial contra
uma série de malignidades como: cancer de ovario, mama, préstata, leucemia, entre
outras (BOEHM et al., 1994; BENBROOK et al., 1997; LI et al., 1998; CLIFFORD et
al., 1999; KIKUCHI et al., 2000; SIMONI et al., 2000; SIMONI et al., 2001; SIMONI et
al., 2005; GARCIA et al.,, 2012). Segundo estudos de Gianni et al. (2000), em
linhagens celulares NB4 de leucemia promielocitica aguda (APL), os retinbides
ATRA, 9-cis-RA, TTNPB e AM580, induzem a inibicdo do crescimento, diferenciacdo
granulocitica e apoptose. No entanto, o tratamento com o derivado retin6ide AM580
se mostrou mais ativo do que o ATRA ou 9-cis-RA na inducao da maturacédo de
granuldcitos e apoptose, causando reducao de células NB4.

Novos agentes retindides quimiopreventivos também foram testados em
modelos pré-clinicos como terapias-alvo das vias de sinalizagdo nao enddcrinas,
sendo identificados os RXRs como agentes mais indicados para prevencao de
tumores de mama RE- por se mostrarem mais eficazes (WU et al., 2000; WU et al.,
2002; WU et al., 2002; MAZUMDAR et al., 2012).

Tratamentos que combinam o uso de retindides e outras drogas sao novas
alternativas que podem conduzir efeitos sinérgicos sobre o controle do crescimento
ou inducgao de apoptose (ALTUCCI et al., 2007). As combinacdes de drogas fazem
com que se utilizem baixas concentragdes de retindides ou drogas ja estabelecidas,
0 que possibilita manter a eficacia terapéutica, além de reduzir efeitos secundarios
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ou probabilidades de resisténcia aos tratamentos (ALTUCCI et al., 2007;BUSHUE &
WAN, 2010;CONNOLLY et al., 2013; DI MASI et al., 2015).

1.6. Retindides e o tratamento anticancer de mama

Os principais retindides apresentam potencial antitumoral em linhagens de
cancer de mama e, por este motivo, estdo sendo realizados ensaios clinicos
utilizando protocolos que incluem a combinacdo com antagonistas de estrogénio
para tratar ou prevenir a progressao da doenca (VERONESI et al., 2006; ZANARDI
et al., 2006; RECCHIA et al., 2009; BUSHUE & WAN, 2010).

Varios retindides naturais e sintéticos inibem o crescimento de células de
cancer e o desenvolvimento de tumores mamarios induzidos por agentes
carcinogénicos (MOON et al., 1983; FONTANA et al., 1988; DI MASI et al., 2015),
além de modular a sinalizagado por HER2 e RE (ALIZADEH et. al., 2014).

Segundo Mazumdar et al. (2012) alguns resultados sugerem que a prevencao
unilateral de ambos cancer de mama RE+ e RE- podem necessitar de uma terapia
de combinacdo contando com os beneficios preventivos individuais obtidos através
do tratamento tanto com um agente anti-estrogénio, quanto com um retindide.

Em muitas células de cancer da mama os receptores RARa, RARy, RXRa e
RXRB sédo expressos em condicdes basais (SHEIKH et al., 1993; PARONI et al.,
2012), sendo os niveis de RARa mais elevados em tumores RE+ do que em tumores
RE- (TERAO et al., 2011; GARATTINI et al., 2014), uma vez que as células RE+
exibem maior sensibilidade a receptores de acido retindico (RA) (SHEIKH et al.,
1993; RUBIN et al., 1994; HAN et al., 1997; TOMA et al., 1998; PRAKASH et al.,
2001; RIBEIRO et al., 2014). Segundo Terao et al. (2011) os agonistas RARa
inlbem o crescimento de linhagens celulares RE+ e os retindides e antiestrogenos
bloqueiam a progressao do ciclo celular na fase G1 (RIBEIRO et al. 2014).

O sistema experimental mais empregado para o estudo de tumores de mama
positivos para o REa utiliza a linhagem celular de cancer de mama humano MCF-7.
Elas possuem os receptores REa e RARa/RARy que tém em comum regides de
ligacdo no DNA e possibilitaram a oportunidade de comparar efeitos genémicos da
sinalizacao do &cido retindico (RA) e do estrogénio (LEVENSON & JORDAN, 1997;
HUA et al., 2009).
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1.7. Retindides derivados de 1,2,3-triazolicos retinoidais

Segundo Aleixo et al. (2017), o planejamento estrutural dos novos agentes
1,2,3-triazélicos retinoidais foi inspirado em resultados positivos de uma série de
analogos preparados como agentes anticancer arotinoidais apresentados por
autores como Simoni et al. (SIMONI et al., 2000; SIMONI et al., 2001; SIMONI et al.,
2005) e Nagai et al. (KIKUCHI et al., 2000c).

A sintese dos analogos triazdlicos foi realizada via Click Chemistry, utilizando
como ferramenta o bioisosterismo, uma estratégia de modificagdo molecular
baseada na troca de determinados fragmentos moleculares de compostos protétipos
por atomos ou grupo de atomos que possuem propriedades fisico-quimicas similares
(BARREIRO & FRAGA, 2008). Os compostos AM80 e AM580, retindides sintéticos e
agonistas transcricionais seletivos RARa (DELESCLUSE et al., 1991; BOSCH et al.,
2012; TENG et al., 1996; ALTUCCI et al., 2007; BARNARD et al., 2009; ALVAREZ et
al., 2014; TANABE et al., 2014; OKUNO et al., 2004; VIVAT-HANNAH & ZUSI, 2005;
SHUDO et al., 2009; KAGECHIKA et al. 1988; AMANO et al., 2013; NAU & BLANER,
1999; OSTROWSKI et al., 1998; KAGECHIKA & SHUDO, 2005; KIKUCHI et al.,
2000a; KIKUCHI et al., 2000b; LE MAIRE et al., 2012; DESPHANDE et al., 2013;
ALEIXO et al., 2017) com atividade antitumoral significativa em modelos animais de
cancer de mama (LU et al.,, 2010; RIBEIRO et al., 2014), foram utilizados como
moléculas lideres. Seu grupamento amida é biois6stero do anel triazélico existente
nos compostos arotinoidais, sugerindo comportamento similar na ligacdo aos
receptores bioldgicos e respostas bioldgicas parecidas. Foram realizadas trocas no
linker e na parte carboxilica dos compostos AM80 e AM580, com a finalidade de
desenvolver analogos mais potentes, menos téxicos, com nenhum ou pouco efeito
adverso, e caracteristicas fisico-quimicas, farmacocinéticas e farmacodinamicas
mais aprimoradas (Figura 1).

Diante dos fatos expostos, o presente trabalho analisou os aspectos celulares
envolvidos na resposta ao tratamento de células de adenocarcinoma de mama
humano MCF-7 a duas novas moléculas retindides denominadas RT1 e RT3,
desenvolvidas a partir de modificagcdes moleculares nos compostos AM80 e AM580,
ligante seletivo RARa, com a finalidade de diminuir a toxicidade, melhor a interacao
e ativacao do receptor, bem como, proporcionar o aprimoramento das caracteristicas
fisico-quimicas, farmacocinéticas e farmacodinamicas da molécula, podendo ser

importantes na terapia do cancer.
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Figura 1. Planejamento sintético e estrutura quimica do precursor AM80 e seus
derivados 1,2,3-triazélicos retinoidais (andlogos RT1 e RT3) empregados neste
estudo. Os retadngulos em vermelho e azul demonstram os locais de modificacdes
moleculares a partir de trocas bioisostéricas que originaram os compostos RT1 e
RT3. Adaptado de Aleixo et al. (2017).
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3. Objetivos
3.1. Objetivo geral

Avaliar o potencial citotoxico e 0os mecanismos celulares envolvidos na
resposta ao tratamento com dois analogos retinoidais 1,2,3-triazélicos (RT1 e RT3)
em linhagem tumoral de mama MCF-7.

3.2. Objetivos especificos

Avaliar o potencial citotdéxico dos retindides pelo ensaio colorimétrico MTT
(brometo de 3-[4,5-dimetil-tiazol-2-il]-2,5-difeniltetrazélio);

Investigar se os retindides sao capazes de potencializar a citotoxicidade dos
agentes antitumorais indutores de danos no DNA 5-fluorouracil, gencitabina,
irinotecano, metotrexato, paclitaxel e tamoxifeno pelo ensaio colorimétrico MTT;

Analisar o efeito da combinacdo terapéutica dos retinbides e agentes
antitumorais convencionais pelo indice de combinacao (Cl), segundo o método de
Chou & Talalay;

Avaliar se os retindides aumentam a morte celular por apoptose e/ou necrose
guando combinadas ao tamoxifeno;

Averiguar se os retindides interferem na proliferagao celular, combinados ou

nao com o tamoxifeno.
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Abstract

Retinoids are substances that play important roles in cell growth regulation and
proliferation, which interact with specific receptors. They have demonstrated
increased antitumor effects in breast tumor cells with specific retinoid and estrogen
receptors (ER). We evaluated cytotoxic potential of two new retinoid molecules
derived from molecular modifications in AM580 and AM80 and its effects on
combinations with different antitumor agents MCF-7 cell line. Cytotoxicity was
measured by MTT assay (72h) and combined therapy effect between retinoids and
antitumor agents by combination index. The ability to induce cell death and influence
on cell proliferation were assessed by morphological cell death assay (6, 24 and 48h)
and BrdU incorporation (6h). Our results showed that retinoid derivatives decreased
cell viability, caused by cell death and proliferation block. Among combinations,
tamoxifen and retinoids potentiated the number of non-viable cells by synergism and
additivism, induced cell death and showed anti-proliferative effects. Modifications in
AM580 and AM80 produced retinoids with therapeutic potential in ER-positive breast
cancer cells, both as single agents and in combinations with tamoxifen. This
suggests the possibility of improvements in antitumor protocols as well as
development of new more efficient target therapies for breast tumors expressing
RARa and ER receptors.

Key words: Retinoid receptors, estrogen receptor, AM580, 1,2,3-triazolic retinoid
analogues, MCF-7 cell line

Abbreviations

ER, estrogen receptor; PR, progesterone receptor; RAR, retinoic acid receptor; RXR,
retinoid X receptor; ATRA, All-trans-retinoic acid; 9-cis-RA, 9-cis-retinoic acid; RT1,
4-(4-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)-1 H-1,2,3-triazol-1-yl)
benzoic acid; RT3, 4-(4-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)-1 H-
1,2,3-triazol-1-yl)aniline; 1Csy, 50% growth inhibition; 5-FU, 5-fluorouracil; MTX,
methotrexate; TAM, tamoxifen; DMSO, dimethylsulfoxide; Cl, combination index.
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1. Introduction

Breast cancer is the most common cancer type among women [1]. Iis
incidence was 1.7 million and represented 25.2% of the total number of cancers in
the world in 2012 [2]. Its subtypes can be classified according to several
characteristics and according to the expression of receptors present in the cell
membrane such as estrogen receptor (ER), progesterone receptor (PR) and HER2
receptor tyrosine kinase expression [3].

The natural morphogenesis of mammary glands tissues has cellular processes
controlled mainly by steroid hormones such as estrogen type, making ER and PR
expression important to cell proliferation. The effects of these hormones are
mediated by nuclear receptors ERa and ERp, through the transcriptional regulation
activated by a ligand of target genes, and as membrane components initiating
cascades of cytoplasmic cell signaling [4-6]. Studies have shown the correlation
between estrogen levels and risk of developing breast cancer [7], with about 80% of
breast cancers ERa positive.

In addition to ERs, there are also specific retinoid receptors. Retinoids are
substances that play important roles in biological activities such as cell growth
regulating, proliferation and differentiation of normal, pre-malignant and malignant
cells [8-10], which are linked to interaction with their specific nuclear receptors. The
most important source of diversity in signal transduction of retinoids are two types of
retinoid receptors: retinoic acid receptor (RAR) and retinoid X receptor (RXR), both
contain three subtypes - a, B, and y. RARs are activated by All-trans-retinoic acid
(ATRA) and 9-cis-retinoic acid (9-cis-RA), and RXRs activated only by 9-cis-RA [11].
In many breast cancer cells, RARa, RARy, RXRa and RXRp are expressed in basal
conditions [12,13]. In ER-positive cells, which are considered sensitive to retinoids,
RARa may be the primary determinant of ATRA sensitivity. According to [14] levels of
RARa are higher in ER-positive tumors and their agonists inhibit growth of ER-
positive cell lines, while their silencing reduces anti-proliferative effect of ATRA.

Studies have shown the relationship between ER expression and RARa
retinoid receptor subtype expression in MCF-7 breast tumor cell line [14-16]. In this
cell line, specific RARa ligands demonstrated better results on cell proliferation
control compared with non-specific RAR ligands [17-19].

Retinoid treatments and simultaneous ER markers may increase antitumor

effects, which make them promising agents for breast cancer therapy [20]. In
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addition, they may induce differentiation and/or apoptosis in tumor cells, have anti-
proliferative and anti-oxidant activity, and may influence on carcinogenesis [21].
Because they present varied characteristics in response to cancer cells, retinoid
treatments have great potential as chemotherapeutic or chemopreventive agents.
Thus, the present study evaluated the activity of two new retinoid molecules RT1 and
RT3 obtained from molecular modifications of the compounds AM580 and AMS80,
selective RARa ligands, and the effect of combinations with different antitumor
agents, in human breast adenocarcinoma MCF-7cell line.

2. Materials and Methods

2.1.Synthesis of retinoids 1,2,3-triazolic derivatives retinoids

Molecules used in this study were identified as RT1 and RT3 (Figure 1).
Compounds were synthesized and kindly provided by Laboratory of Pharmaceutical
Chemistry of Faculty of Pharmaceutical Sciences, Food and Nutrition of Federal
University of Mato Grosso do Sul. Route of retinoids synthesis has been described
by [22].).

2.2. Cell line and culture conditions

Human breast adenocarcinoma MCF-7 cell line was cultured in Dulbecco's
Modified Eagle Medium-DMEM (Gibco®) supplemented with 10% fetal bovine serum
(Gibco®) (v/v), 0.1% penicillin  (100U/ml)/streptomycin (100ug/ml) (v/v) (LGC
biotechnology®) and incubated at 37°C with 5% CO, atmosphere.

2.3. Antitumor agents

Concentrations of antitumor agents used in this study were previously defined
by pilot experiment. For all agents, 50% growth inhibition (ICso) value was used for
combination with different concentrations of arotinoids retinoids. 1.25uM 5-
fluorouracil (5-FU); 10uM gemcitabine; 5uM irinotecan; 325nM methotrexate (MTX);
1.25nM paclitaxel and 19uM tamoxifen (TAM) were used.

2.4. MTT colorimetric assay
Cell viability was determined by MTT colorimetric test (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2H-tetrazolium bromide - Invitrogen®), based on [23]. 3 x 10°

cells/well were seeded in 96-well plates and maintained for 24h in incubator.
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Treatments were performed for 72h with different doses of isolated agents RT1 (10,
25, 100 and 150uM) and RT3 (5, 10, 25, 50 and 100uM), combined or not with
different antitumor agents in simultaneous treatment. At the end of treatments, plates
were incubated with 0.3 mg/mL MTT for 4h. Culture medium was removed and
100uL of dimethylsulfoxide (DMSO) was added to read at 540nm. Two independent

experiments were performed in quintuplicates.

2.5. Combination index

From cell viability results, combination index (Cl) of combined treatments was
calculated using the drug combination method based on the principle of median
effect of the law of mass action which constitutes the theoretical basis for Cl -
isobologram equation which allows the quantitative determination of drug interactions
described by [24] and [25], through CompuSyn software (http://www.combosyn.com/)
and algorithms. The index was calculated based on the affected fraction of cells
(non-viable cells) obtained in the MTT assay against the different treatments, taking
into consideration the doses, allowing to estimate if treatments presented additive,
synergic or antagonistic effect, depending on the combined concentrations.

2.6. Cell death due to apoptosis or necrosis

Cell death was evaluated by morphological assay with ethidium bromide and
acridine orange, according to [26], with modifications. 3 x 10° cells/well were seeded
in 12-well plates and kept in incubator for 24h. Treatments were carried out for 6, 24
and 48h, using 35uM RT1 and 22uM RT3, combined or not with tamoxifen (19uM).
The concentrations used were chosen based on the results of the MTT colorimetric
assay and combination index.

Cells were collected by trypsinization, centrifuged at 1200 rpm for 5min and
the supernatant discarded. Slides were prepared with 20ul of cell suspension and 2l
of dye containing ethidium bromide (100ug/ml) and acridine orange (100ug/ml) (1:1).
Two independent experiments were performed with two replicates each. For each
replicate 100 cells were analyzed on a 400x magnification fluorescence microscope
immediately after preparation. Cells were classified in: i) viable cells: green intact
nucleus; ii) cells in initial apoptosis: dense areas of chromatin condensation in the
green nucleus; iii) cells in late apoptosis: dense areas of chromatin condensation in

orange; iv) necrotic cells: intact orange nucleus [27,28] (Figure 2).
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2.7. Cell proliferation assay

Cell proliferation assay was performed by BrdU incorporation according to [29]
and [30], with modifications. 7.5 x 10° cells/well were seeded in 6-well plates
containing sterilized round coverslips and kept in incubator for 24h. Treatments were
performed for 6h, using 35uM RT1 and 22uM RT3, combined or not with tamoxifen
(19uM). After 5h of treatment 50uM BrdU was added to the culture medium and
incubated at 37°C for 1h. Culture medium was removed, cells were washed with PBS
and fixed with 4% PFA (paraformaldehyde pH=7.4 in phosphate buffer) for 30-60min.
Cells were washed 5x with PBS for approximately 20min, treated with 2N HCI for
30min for denaturation, washed again 3x with PBS for approximately 10min and
incubated in phosphate buffer containing 5% FBS and 0.1% Triton X-100 for 1-2h.

Labeling was performed with the primary anti-BrdU antibody (IIB5)
(monoclonal mouse 1gG - Sc 32323 - Santa Cruz Biotechnology (RRID:
AB_626766), diluted at the concentration 1:200 in PBS containing 5% FBS and 0.1%
Triton X-100) overnight. Cells were washed 5x with PBS for approximately 20 min,
incubated with secondary Goat Anti-Mouse IgG antibody (Alexa Fluor® 568) diluted
at the concentration 1:1000 in PBS with 5% PBS and 0.1% Triton X-100 for 1h in the
dark, and washed 5x with PBS. Coverslips were removed and transferred to slides
containing one drop of antifade containing DAPI (Invitrogen®). Two independent
experiments were performed with two replicates each, and 100 cells per replicate

were analyzed in a fluorescence microscope at a magnification of 400x.

2.8. Statistical analyzes

In order to compare quantitative data of different treatments, ANOVA/Tukey
test was employed according to data distribution. Treatments with retinoids were
compared to respective controls (bars in the same color). Analyzes were performed
with Graph-PadPrism software (version 5.01; Graph-Pad Software Inc., San Diego,

CA, USA), considering statistically significant differences when p<0.05.

3. Results

3.1.Retinoids decrease cell viability

Cell viability was assessed by MTT assay for different concentrations of RT1
and RT3, associated or not with 5-FU, gemcitabine, paclitaxel, MTX, irinotecan and
TAM. Results demonstrated that both retinoids reduced cell viability after 72h. RT1
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associated with 5-FU (Figure 3A), gemcitabine (Figure 3C), paclitaxel (Figure 3E),
MTX (Figure 4A) and irinotecan (Figure 4C) showed a slight increase in sensitivity of
RT1, however, when combined with TAM (Figure 4E), this increase was more
pronounced. RT3 combined with 5-FU (Figure 5A) and paclitaxel (Figure 5E)
presented no RT3 sensitivity effect at some concentrations, and combinations with
gemcitabine (Figure 5C), MTX (Figure 6A) and irinotecan (Figure 6C) showed a slight
increase in RT3 sensitivity at some concentrations, but when combined with TAM
(Figure 6E), this increased sensitivity was more pronounced.

Based on cellular viability results, combination index (Cl) of combined
treatments was calculated using the method described by Chou & Talalay [25] based
on physical, chemical and mathematical principles of mass action law, employing The
CompuSyn program. The main characteristics of Cl method are: i) derived from
theory and equation; ii) has established algorithms; iii) has automated computer
simulation; iv) is flexible in its use; and v) achieves quantitative conclusions and
pharmacodynamic indexes [25,31-34]. ClI results complement data observed in cell
viability curves, once fractions of affected cells obtained in MTT assay as well as
doses and ICsy are taken into account. They demonstrated that combination of RT1
and 5-FU (Figure 3B) presented antagonism, additive and synergistic effects,
depending on the doses used. Combinations of RT1 with gemcitabine (Figure 3D),
paclitaxel (Figure 3F), irinotecan (Figure 4D) and TAM (Figure 4F) showed additive
and synergistic effects, increasing the rate of cell death. While the combination of
RT1 and MTX showed synergistic activity (Figure 4B).

RT3 Cl values showed that RT3 combination with 5-FU (Figure 5B), paclitaxel
(Figure 5F), MTX (Figure 5B), and irinotecan (Figure 6D) presented antagonism and
additive effects. Combination of RT3 and gemcitabine (Figure 5D) was antagonistic
and synergistic, whereas combination with TAM (Figure 6F) was additive and

synergistic.

3.2. Retinoids cause cell death by apoptosis or necrosis
Cell viability results demonstrated that TAM increased RT1 and RT3
sensitivity. This increased sensitivity can occur both by increased cell death and/or
replication blockage. Thus, cell death was investigated by apoptosis or necrosis
employing morphological assay with ethidium bromide and acridine orange. Both
retinoids induced cell death by apoptosis from 6h treatments (Figure 7A - gray bars),
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being that after 48h (Figure 7A - striped bars) values were statistically similar or
higher than TAM.

In RT1+TAM, apoptotic profile obtained was similar to RT1 alone at 6h and
24h (Figure 7A), but different at 48h. RT1 and RT3 presented slight apopotosis
increase after 6h (Figure 7A - gray bars), a higher apoptosis increase after 24h
(Figure 7A - black bars), and a pronounced increase after 48h (Figure 7A - striped
bars) in both treatments, however, RT1 remained smaller than RT3, but statistically
equal to TAM treatment. RT3+TAM combination showed a similar behavior to TAM at
6h and 24h, but different at 48h, presenting a higher and statistically significant
apoptotic cells. When comparing RT3 and RT3+TAM, there are statistically
differences between all times, and RT3+ TAM showed profile similar to TAM.

Assessing cell death by necrosis, RT1 induced necrosis since 24h (Figure 7B -
black bars), whereas this effect was more pronounced with RT3 after 6h (Figure 7B -
gray bars). RT1+TAM presented a similar profile to RT1 alone, mainly in the first 24h
(Figure 7B -black bars) and both presented statistically similar results to TAM.
RT3+TAM was similar to RT3 in the first 24h and showed increased necrosis when
compared to TAM, especially after 48h (Figure 7B - striped bars).

3.3.Retinoids interfere in cell proliferation

BrdU is a synthetic nucleoside analogous to thymine that is incorporated into
cell DNA strands during replication. BrdU incorporation can be used to evaluate cell
proliferation activity. Cell viability results showed that TAM increased RT1 and RT3
sensitivity and this increase can occur by cell death and/or replication blockage.
Thus, cell proliferation was investigated from the labeling of cells with BrdU by
immunofluorescence for RT1 and RT3 associated or not with TAM (Figure 8). Results
showed that both retinoids reduced cell proliferation, as well as TAM. Combined
treatments RT1+TAM and RT3+TAM presented similar results to TAM. Results
showed that there was anti-proliferative activity both in retinoid treatment alone and
in its combinations with TAM.

4. Discussion

New therapeutic targets such as RARa receptor in responsive estrogenous
breast tumors are considered primary determinants of breast tumors sensitivity to
retinoids [16,35,36]. Studies have shown that depending on cell type, RARa induction
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may be associated with differentiation, anti-proliferative effect and/or apoptosis
[10,37-40]. In our study, ER-positive MCF-7 cell line presents RARa receptor [41] to
investigate antitumor potential of these retinoids.

Structural design of retinoid triazolic agents RT1 and RT3 evaluated in this
study, according to [22], was inspired by positive results of several arotinoid
antitumor agent analogues. AM580 and AM80 are selective RARa linkers and they
were chosen as the leaders molecules for RT1 and RT3 synthesis via
ClickChemistry. Molecular modifications using bioisosterism approach were
performed in central linker, amide group, and carboxylic acid part of AM580 and
AMB80, in order to develop analogues with lower toxicity, higher potency in resistant
tumor cells [42], selectivity to RARa receptor, and improvements in physico-chemical,
pharmacokinetic and pharmacodynamic characteristics of the molecule.

According to [31], therapeutic combination is advantageous in cancer
treatment, once it allows to affect multiple molecular targets with therapeutic efficacy
increase, dosages reduction and consequently toxicity decrease, as well as reduction
or delay in the acquisition of resistant phenotypes. In our study, cellular viability of
retinoids was evaluated in combination or not with antitumor agents that have
different mechanisms of action. 5-fluorouracil when converted to its active
metabolites can be incorporated into DNA and/or RNA and inhibits the thymidylate
synthase enzyme responsible for nucleotide synthesis [43]. Gemcitabine, when
converted to its metabolites, can be incorporated into DNA leading to the termination
of DNA strand that has being synthesized by DNA polymerase, or may inhibit
ribonucleotide reductase enzyme, decreasing amounts of dCTP for replication [44].
Irinotecan is a drug that converts to SN-38, inhibits topoisomerase | activity by
stabilizing the cleavage complex between topoisomerase and DNA, resulting in DNA
breaks that result in replication inhibition and apoptosis [45]. Methotrexate is an
antifolate with antineoplasic and immunosuppressive activities that binds and inhibits
dihydrofolate reductase, leading to thymidylate synthesis inhibition, which results in
DNA and RNA synthesis inhibition [46]. Paclitaxel is a microtubules inhibitor, which
stabilizes microtubules when polymerized, leading to cell death [47]. Tamoxifenis a
non-steroidal antineoplasic agent selective for estrogen receptor and binds to ER
preventing that estrogen binds to it. In this way, reduction in DNA synthesis occurs
[48].
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Our results demonstrate that retinoids decrease cell viability of MCF-7 breast
cancer line. According to [49], combinations of various retinoids with tamoxifen show
strong synergistic inhibition of proliferation in ER-positive and ER-negative human
breast cancer cells. This data corroborates the results obtained in our cell viability
and ClI tests for tamoxifen, in which it showed synergistic and additive activity in
combination with both retinoid triazolics analogs. The most promising results were
observed in combination of retinoids with TAM, which can be justified by the greater
selectivity to RARa receptor of RT1 and RT3, due to the fact that tamoxifen is an
estrogen antagonist (binds to ER) and MCF-7 cell line presents these ligands in their
conformation.

The ideal combination of drugs is one that has a synergistic effect without
increased systemic toxicity, and that combination with additive effect and favorable
toxicity profile may also have clinical benefits [50]. According to [34], none of
approximately 20 different methods of synergism/antagonism evaluation in literature
has all characteristics that Cl method presents, for this reason it is the most cited for
drug combination analyzes. In our study it was observed from this method that the
best combination was that employed retinoids with TAM, once they presented
synergistic and additive activity in both associations.

Cell viability reduction may be related to two processes: cell death and/or cell
cycle arrest. Vitamin A derivatives and retinoic acid have been identified as apoptosis
inducers and they reduce cell proliferation in human breast adenocarcinoma cells,
once they regulate antitumor activity through RARa receptor activation, encoded by
the RARA receptor gene [36, 51]. Our results showed greater apoptosis and/or
necrosis induction, mainly in RT3+TAM, at 24h for necrosis and 48h for apoptosis.
While RT1+TAM presented apoptosis increase after 48h.

Replication inhibition evaluation was performed with the purpose of
complementing the results of cell death by apoptosis and/or necrosis, once if
retinoids influence in cell viability, possibly they would also be responsible for
blocking cell proliferation. It is known that ERa receptors, important in breast cancer,
are therapeutic targets and predict the response to drugs such as tamoxifen,
because it is a competitor of estrogen in ERa binding [6,52,53]. According to [54],
ER-positive MCF-7 human cell line when treated with different concentrations of
retinoic acid or synthetic derivatives, associated or not with tamoxifen has an additive
effect on cell proliferation inhibition. Our results corroborate with literature data,
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whereas both retinoids reduced proliferating cells. At the same time, RT1+TAM and
RT3+TAM combinations reduced further the number of cells.

Evaluating the general context, results indicate that although cellular
proliferation data indicates reduction of proliferating cells, the greater interference in
cell viability was due to cell death by apoptosis. We believe that the molecular
modifications of AM580 and AM80 compounds, evaluated in this work, produced
retinoid derivatives (RT1 and RT3) with therapeutic potential for breast cancer, both
as single agents and in combinations, since they are capable of enhancing tamoxifen
activity. These observations suggest the possibility of improvements in antitumor
protocols, as well as the development of more efficient treatments.
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Figure Legends

Figure 1. Chemical structure of the retinoid derivatives RT1 and RT3 used in this

study.

Figure 2: Morphological assay with ethidium bromide and acridine orange. Cellular
classification: (A) viable cells; (B) cells in initial apoptosis; (C) cells in late apoptosis;

and (D) necrotic cells.

Figure 3: Cell viability evaluation of RT1 combination with different antitumor agents
by MTT assay. Different RT1 concentrations were combined with IC50 agents (A) 5-
FU, (C) gemcitabine, (E) paclitaxel. Curves represent results of at least two
independent replicates and bars the standard deviation. Combination indexes (Cl)
were calculated according to Chou & Talalay, for RT1 combinations with different
antitumor agents: (B) 5-FU, (D) gemcitabine and (F) paclitaxel, by CompuSyn
program from cell viability results. CI>1.2 antagonistic effect; 0.8<Cl<1.2 additive
effect and Cl<0.8 synergism.

Figure 4: Cell viability evaluation of RT1 combination with different antitumor agents
by MTT assay. Different RT1 concentrations were combined with IC50 agents (A)
MTX, (C) irinotecan and (E) tamoxifen. Curves represent results of at least two
independent replicates and bars standard deviation. Combination indexes (CI) were
calculated according to Chou & Talalay, for RT1 combinations with different
antitumor agents: (B) MTX, (D) irinotecan e (F) tamoxifeno, by CompuSyn program
from cell viability results. Cl>1.2 antagonistic effect; 0.8<Cl<1.2 additive effect and

Cl<0.8 synergism.

Figure 5: Cell viability evaluation of RT3 combination with different antitumor agents
by MTT assay. Different RT3 concentrations were combined with IC50 agents (A) 5-
FU, (C) gemcitabine (E) paclitaxel. Curves represent results of at least two
independent replicates and bars standard deviation. Combination indexes (CI) were
calculated according to Chou & Talalay, for RT3 combinations with different
antitumor agents: (B) 5-FU, (D) gemcitabine e (F) paclitaxel, by CompuSyn program
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from the cell viability results. CI>1.2 antagonistic effect; 0.8<Cl<1.2 additive effect

and Cl<0.8 synergism.

Figure 6: Cell viability evaluation of RT3 combination with different antitumor agents
by MTT assay. Different RT3 concentrations were combined with IC50 agents (A)
MTX, (C) irinotecan and (E) tamoxifen. Curves represent results of at least two
independent replicates and bars standard deviation. Combination indexes (Cl) were
calculated according to Chou & Talalay, for combinations of RT3 with different
antitumor agents: (B) MTX, (D) irinotecan e (F) tamoxifen, by CompuSyn program
from the cell viability results. CI>1.2 antagonistic effect; 0.8<Cl<1.2 additive effect

and Cl<0.8 synergism.

Figure 7. Cell death by (A) apoptosis or (B) necrosis after treatments with RT1 and
RT3. Retinoids IC50 were used in combination or not with tamoxifen (TAM) for 6h
(gray bars), 24h (black bars) and 48h (striped bars). 100 cells per replicate were
analyzed, classified by morphological aspect and differential staining by ethidium
bromide and orange acridine. Graphs represent mean and standard error of the
average of two independent experiments with two replicates. The statistical
differences between treatments of the same experimental time (bars of the same
color) were analyzed by ANOVA/Tukey, being that different letters indicating a

statistical difference (p<0.05).

Figure 8: Cell proliferation employing BrdU labeling by immunofluorescence after
treatments with RT1 and RT3. 100 cells per replicate were analyzed. Retinoids IC50
were used in combination or not with tamoxifen (TAM). (A) Proliferating cells (red);
cells nuclei (blue); merge of red and blue; (a) control; (b) TAM; (c) RT1; (d)
RT1+TAM; (e) RT3; and (f) RT3+TAM. (B) Graphs represent mean and standard
error of the average of two independent experiments with two replicates. Statistical
differences between treatments were analyzed by ANOVA/Tukey, different letters

indicating a statistical difference (p<0.05).
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N=N

~ N
COOH

RT1
4-(4-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)-1H-1,2,3-triazol-1-yl)benzoic acid

N=N

—

<N
NH,
RT3

4-(4-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)-1H-1,2, 3-triazol-1-yl)aniline
Figure 1.
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Figure 2.
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Figura 1. Avaliagdo da viabilidade celular dos diferentes agentes antitumorais pelo
ensaio MTT. Diferentes concentracbes dos agentes foram testadas e suas
respectivas Clso: (A) 5-FU, (B) gencitabina, (C) paclitaxel, (D) MTX, (E) irinotecano e
(F) tamoxifeno. As curvas representam resultados de duas repeticdes
independentes.



