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RESUMO

Rabacow, A.P.M. Avaliagao do potencial antitumoral do lipidio resorcindlico 3-
heptil-3,4,6-trimetoxi-3 hisobenzofurano-1-ona em células de cancer de mama

(Tese de doutorado) Campo Grande — MS: Programa de P6s-Graduagao em Saude
e Desenvolvimento na Regido Centro-Oeste — Universidade Federal de Mato Grosso
do Sul. 2019.

Nos ultimos anos, a busca por novos agentes experimentais anticancerigenos
derivados de produtos naturais ou analogos sintéticos tém sido alvo de pesquisa
constante. Em virtude desse cenario, o presente estudo teve como objetivo avaliar o
potencial antitumoral do lipidio resorcindlico 3-Heptil-3,4,6-trimetoxi-3hisobenzofuran-
1-ona (AMS35AA), descrever o mecanismo de morte celular, e seus efeitos quando
combinados com quimioterapicos em linhagem tumoral de cancer de mama. O ensaio
in vitro MTT indicou que o AMS35AA reduziu o efeito citotdoxico dos quimioterapicos
tamoxifeno, doxorrubixina, cisplatina e irinotecano em 4%, 6%, 2% e 143,3%,
respectivamente. Ja a citotoxicidade do 5-Fluorouracil (5-FU) foi aumentada pelo
composto em 30%. O AMS35AA (14, 281 56, 112 uM) demonstrou genotoxicidade
elevando o escore em 2.53x, 2x, 93x, 3.84x e 2.88x, respectivamente e, quando
associado ao 5-FU o incremento de danos foi 63.19%. Apos 16 horas livre de droga o
escore foi elevado a 1.88x, 2x, 2.97x e 2.03x, e quando associada ao 5-FU o
incremento foi de 178.72% (p <0.05). A analise citologica apos 4 horas de tratamento
com AMS35AA demonstrou aumento de morte celular em 2.6x; 2.76x; 3.4x e 2.86x
respectivamente, para as mesmas concentracdes. Apds 16 horas em meio livre de
droga, o aumento foi de 1.54x; 2.77x; 2.45x e 2.12x (p <0.05). A associagao indicou
aumento de 7.4x e 5.96x para os experimentos de 4 h e 4 h seguidos de 16 h,
respectivamente. As células MCF-7 foram negativas para o teste de integridade de
membrana. A associag¢ao induziu acumulo das células nas fases sub-G1 e G2/M
(p<0.05) do ciclo celular. O AMS35AA provocou aumento da expressao de p53 e
reducdo de BAX e a associacdo aumentou ATR, p53, p21, GADD45, BAK, CASP7 e
CASP9 e reduziu BCL-2 (p<0.05). Em sintese, o AMS35AA isolado e em associagao
com 5-FU reduziu a viabilidade celular, aumentou apoptose e dano gendébmico, além
de fazer parada de ciclo. Nossos resultados sugerem que o AMS35AA tem potencial
para o tratamento do cancer de mama, uma vez que é capaz de exercer efeitos
citotoxicos e citostaticos na linhagem tumoral de MCF-7 e também pode ser um
adjuvante na terapia do cancer quando em combinag&o com 5-FU.

Palavras-chave: lipidios resorcinolicos; Citotoxicidade; Genotoxicidade; MCF-7



ABSTRACT

Rabacow, A.P.M. The resorcinolic lipid 3-Heptyl-3,4,6-trimethoxy-3H-
isobenzofuran-1-one: evaluation of the antitumor potential in breast cancer cell
line (Doctorate Thesis) Campo Grande — MS: Programa de Pds-Graduag&o em Saude
e Desenvolvimento na Regido Centro-Oeste — Universidade Federal de Mato Grosso
do Sul. 2019.

In recent years, the search for new anticancer experimental agents derived from
natural products or synthetic analogues has been the subject of constant research.
The aim of this study was to evaluate the antitumor potential of the resorcinolic lipid 3-
Heptyl-3,4,6-trimethoxy-3-isobenzofuran-1-one (AMS35AA), describe the mechanism
of cell death, and its effects when combined with chemotherapeutic in breast cancer
tumor line. The in vitro MTT assay indicated that AMS35AA reduced the cytotoxic effect
of the chemotherapeutic agents tamoxifen, doxorubixin, cisplatin and irinotecan by 4%,
6%, 2% and 143.3%, respectively. The cytotoxicity of 5-Fluorouracil (5-FU) was
increased by the compound by 30%. AMS35AA (14, 281 56, 112 yM) demonstrated
genotoxicity by raising the score by 2.53x, 2x, 93x, 3.84x and 2.88x, respectively, and
when associated with 5-FU the increment of damage was 63.19%. After 16 hours drug
free the score was elevated to 1.88x, 2x, 2.97x and 2.03x, and when associated with
5-FU, the increment was 178.72% (p <0.05). Cytological analysis after 4 hours of
treatment with AMS35AA demonstrated increased cell death by 2.6x; 2.76x; 3.4x and
2.86x respectively, for the same concentrations. After 16 hours in drug-free medium,
the increase was 1.54x; 2.77x; 2.45x and 2.12x (p <0.05). The association indicated
an increase of 7.4x and 5.96x for the 4 h and 4 h followed 16 h, respectively. MCF-7
cells were negative for the membrane integrity test. The association induced
accumulation of cells in the sub-G1 and G2/M (p <0.05) phases of the cell cycle.
AMS35AA resulted in increased p53 expression and BAX reduction and the
association increased ATR, p53, p21, GADD45, BAK, CASP7 and CASP9 and
reduced BCL-2 (p <0.05). In summary, AMS35AA alone and in combination with 5-FU
reduced cell viability, increased apoptosis and genomic damage, and stopped the
celular cycle. Our results suggest that AMS35AA has potential for the treatment of
breast cancer since it is capable of exerting cytotoxic and cytostatic effects on the
tumoral MCF-7 line and may also be an adjuvant in cancer therapy when in
combination with 5- FU.

Keywords: resorcinol lipids; Cytotoxicity; Genotoxicity; MCF-7



5-FU
AMS35AA
AMS49
AR

ATM
BAX
Bcl-2
DMEM
DMSO
EPM
GADD45
ICs0

INCA
JNK
MCF-7
MTT

PBS
RT-PCR
SBF
SERM
TS

LISTA DE ABREVIATURAS E SIGLAS

5 - Fluorouracil
3-Heptil-3,4,6-trimetoxi-3H-isobenzofurano-1-ona
3-Heptil-4,6-dihidroxi- 3H-isobenzofurano-1-ona
Alquilresorcinol

Ataxia telangiectasia mutada

Bcl2 associated X protein

B-cell lymphoma 2

Dulbecco's modified eagle's médium
Dimetilsulfoxido

Erro Padrdo da Média

Proteina induzida ao dano ao DNA e parada do ciclo
Concentragao da droga que reduz a viabilidade celular
em 50%

Instituto Nacional do Cancer

Jun N-terminal quinase

Michigan Cancer Foundation-7

Brometo de 3-(4,5-dimetill-2-tiazolil)-2,5-difenil-2H-
tetrazolico

Solugao Tampéo Fosfato

Reverse transcription — Polymerase chain reaction
Soro Bovino Fetal

Modulador seletivo dos receptores de estrogénio

Timidilato sintase



LISTA DE TABELAS

Manuscrito - Table | — Oligonucleotides SEQUENCES...........cccovrviiiiiiiiiiiiiiiieee e 32

Manuscrito - Table Il — Frequency of cells with DNA damage, class of damage and
score of the Comet assay on MCF-7 breast cancer line after 4 hours of treatment with
A S B A A . e e 37

Manuscrito - Table Ill — Frequency of cells with DNA damage, class of damage and
score of the Comet assay on MCF-7 breast cancer line after 4 hours of treatment with
AMS35AA followed by 16 hour free of

L E=Y= 11 01 L 37



LISTA DE ILUTRAGOES

Tese - Figura 1 - Anatomia da mama feminina sadia.............coooeiiiiiiiiiiiiiiiee e 18
Tese - Figura 2 - Tipos de CANCEr d€ Mama ..........eeeeiiieeeeieeeeeeeeeee e e 19
Tese - Figura 3 - Ciclo celular,checkpoints e proteinas reguladoras.......................... 22
Tese - Figura 4 - Resorcinol (1) e alquilresorcinol (2) .........coovvvveeviieiieiiiiiicieee e, 26

Tese - Figura 5 - Sintese do lipidio resorcindlicos AMS35AA por Navarro e

[o70] F=1 0Y0] = Lo [0 (=Y T4 0 It I S 28
Manuscrito - Figure 1 — Determination of ICso valuesby MTT ... 33
Manuscrito - Figure 2 -The |Cso determination of AMS35AA in MCF-7 cells.............. 34

Manuscrito - Figure 3 - Effects of AMS35AA when associated with chemotherapeutic

agents on cell viability in the MCF-7 breast cancer tumor line using the MTT assay...35

Manuscrito - Figure 4 - The percentage of apoptotic cells treated with different
concentrations of AMS35AA; 5-F and Association in MCF-7 cells for 4 hours and 4

hours followed by 16 hours indrugfreemedium. ..., 39

Manuscrito - Figure 5 - Cytoplasmic membrane integrity MCF-7 cells assessed by flow
cytometry shows a percentage increase for the viable cell population of Control,
AMSS35AA and AMSS3E5AA + 5-FU. ... 36



Manuscrito - Figura 6 - Results of the cell cycle analysis by flow cytometry............... 38

Manuscrito - Figure 7 - Relative expression genes involved in DNA-damage and

F= [ 010] o] (0 1] - J P 49



SUMARIO

1. INTRODUGAO. ... .ottt enen, 14
2. REVISAO BIBLIOGRAFICA ......coouooeoeeeeeeeeeeeeee e 16
P2 B O7- 1 (o7 Y PP TPPTPPPPPPPPPN 16
2.2 CANCEr dE MAMA. ..ottt e e e e e e e e e 17
2.3 Ciclo celular, checkpoints e proteinas reguladoras...........cccccccceeeiiiiiiniinnes 20
2.4  Abordagem terap@utiCa..........cccceiiiiiiiiiiiiiiiiiiiie e 23
2.5 Lipidios RESOICINOIICOS.........cuvuuiieiieiiiice et et e e aeeeaes 25
3. OBUETIVOS.... .ottt ettt e srt e e et e e e nnne e e anneeeennneeeennes 299
3.1 ODbJEtiVO ETal ... ——————— 29
3.2 ODbjetivos €SPECITICOS ...uuuiiiiiiieiii e 29
4. MANUSCRITO .. .ottt e e et e et e e eesnteeesnneaeeneeeeneas 30
5. CONSIDERAGOES FINAIS... ...ttt 43

B. REFERENCIAS .......oootiiiiiie ittt 44



14

1. INTRODUGAO

O céncer de mama, uma doenga crbnica de origem multifatorial, € o segundo
tipo mais frequente de neoplasia no mundo, atras somente do cancer de pele do tipo
nao melanoma, e uma das principais causas de morte entre as mulheres (MACHADO,;
SOARES; OLIVEIRA, 2017). No Brasil, o cenario ndo é diferente e a incidéncia para
o biénio de 2016/2017 foi de mais de 58.000 casos (INCA, 2016).

Por ser um dos mais incidentes, o cancer de mama € um dos canceres mais
estudados pelos pesquisadores em todo o mundo (GONCALVES et al., 2012) e a
linhagem MCF-7 foi a que produziu mais dados até hoje para alicergar as pesquisas
com fins de aplicagdo na clinica médica do que qualquer outra linhagem tumoral de
cancer de mama (LEE; OESTERREICH; DAVIDSON, 2015; SWEENEY et al., 2012).

O carcinoma ductal invasivo é o tipo mais comum de cancer de mama. Inicia-
se nas ceélulas dos ductos, possuindo potencial para invadir tecidos adjacentes
(SIEGEL; MILLER; JEMAL, 2017). Com o desenvolvimento do tumor primario, pode
ocorrer 0 processo de angiogénese no qual as células suprem-se de vasos
sanguineos para nutrirem-se de acordo com as necessidades metabdlicas da massa
tumoral. Essa neovascularizagdo possibilita uma rota de fuga pela qual as células
tumorais entram no sistema circulatorio do organismo podendo atingir 6rgaos, como

por exemplo, ossos, pulmdes, figado, cérebro (LIZOTTE et al., 2016).

Um cancer localizado na mama exige um tratamento mais agressivo que inclua
0 uso de drogas quimioterapicas, cujo objetivo é a redugdo da progressao tumoral
(BONADONNA et al., 1998). A quimioterapia emprega drogas isoladas ou combinadas
para o tratamento sistémico de neoplasias que inibem o processo de crescimento e
divisao celular (CLEATOR; PARTON; DOWSETT, 2002). Como exemplos de drogas
utilizadas na terapéutica contra o cancer mamario pode-se mencionar: tamoxifeno,
doxorrubicina, cisplatina, 5-fluorouracil (5-FU), gencitabine, irinotecano, paclitaxel,
dentre outras (OSBORNE, 2014).

Vale ressaltar que as terapias atuais, incluindo cirurgia, quimioterapia, terapia
hormonal e radioterapia, nao sao seletivas no tratamento do cancer de mama primario
e metastatico, provocando importantes efeitos colaterais (MUEHLMANN et al., 2014).
Sendo assim, os farmacos utilizados na terapéutica atuam sem especificidade,

provocando citotoxicidade, destruindo ou inibindo ndo apenas as células neoplasicas,
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como também as células normais do paciente (LEJEUNE et al.,, 1996). Ademais a
resisténcia a terapéutica € comum no tratamento de quaisquer subtipos de neoplasia
mamaria (FERTIG et al., 2015).

Mediante ao exposto, pesquisas com enfoque em novas abordagens
terapéuticas para o tratamento de cancer revestem-se de relevancia. Derivados
naturais e sintéticos sao pesquisados como fontes de compostos bioativos de
diferentes classes com diversas atividades. Estudos com lipideos resorcindlicos nao
isopropénicos ou alquilresorcindis, tais como o 3-Heptil-3,4,6-trimetoxi-3H-
isobenzofurano-1-ona (AMS35AA) (NAVARRO et al., 2014) e o 3-Heptil-4,6-dihidroxi-
3H-isobenzofurano-1-ona (AMS49) (OLIVEIRA et al., 2015) tiveram suas acgdes
anticanceres sugeridas pelo nosso grupo de estudo. Estes compostos tém em comum
a capacidade de aumentar a frequéncia de apoptose nos rins e figado dos animais
tratados. Além disso, AMS35AA e AMS49 nao sao toxicos considerando que eles nao
induzem cometas ou micronucleos em células de animais saudaveis e potencializam
os efeitos genotoxicos da ciclofosfamida. Ademais, esses compostos n&o alteraram
0s parametros biomeétricos, peso absoluto e relativo, dos 6rgdos de camundongos, o
que sugere auséncia de toxicidade (NAVARRO et al., 2014; OLIVEIRA et al., 2015).
Dessa forma, o AMS35AA e o AMS49 podem ser candidatos a prospec¢ao de novos

quimioterapicos ou adjuvantes quimioterapicos.

Ressalta-se ainda que o AMS35AA foi efetivo imunomodulador, aumentando o
numero de linfécitos circulantes, uma atividade interessante, visto que, um dos efeitos
colaterais induzido pelo uso de quimioterapicos € a acentuada linfopenia (NAVARRO
et al., 2014). Em geral, esta reducédo de linfécitos pode impedir a sequencia do
tratamento de pacientes com cancer e o AMS35AA foi eficiente em reverter esse
quadro frente a administracdo da ciclofosfamida.

Diante desses relatos, as perguntas que esse trabalho procurou responder
foram: qual o potencial antitumoral do AMS35AA isolado e combinado com agentes
quimioterapicos comerciais e qual o mecanismo de morte celular em linhagem de

adenocarcinoma mamario MCF-7.
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2. REVISAO BIBLIOGRAFICA
2.1 Cancer

O cancer é a terceira principal causa de mortalidade no mundo. Foram
diagnosticados 14,71 milhdes de novos casos somente em 2012 (INCA, 2016). O
Fundo Mundial de Estatisticas do Cancer (WCRF) fez uma projecéo de 27 milhdes de
novos casos de cancer para o ano de 2035 e 24 milhées de mortes pela doencga. Os
paises em desenvolvimento serdo os mais afetados, entre eles o Brasil (MINKO;
RODRIGUEZ-RODRIGUEZ; POZHARQV, 2013; WHO, 2017).

O processo de tumorigénese depende do acumulo sequencial de mutagdes
dentro de células que tiveram sua capacidade de reparar os danos no DNA
comprometida. Esses desajustes celulares sao devidos as alteragdes moleculares em
vias de sinalizagdo oncogénica ou em vias de sinalizagdo de genes supressores de
tumor (HAHN; WEINBERG, 2002). Diferentes combinagbes de mutagcdes e até
eventos resultantes de alteragdes epigenéticas sao capazes de contribuir para a
transformacao neoplasica, sendo este processo uma caracteristica comum para mais
de 100 tipos de céanceres humanos (SAWAN et al.,, 2008). As modificagdes
moleculares que ocorrem durante esse processo podem conferir maior potencial
proliferativo; replicacdo descontrolada; imortalidade das células; insensibilidade a
sinais supressores de crescimento; indu¢cdo da angiogénese; reprogramacao do
metabolismo energético; instabilidade genémica e mutabilidade; fuga a destruicao
imunoldgica; promogao da inflamagéo; evasdo a apoptose; capacidade de invadir
tecidos adjacentes e promover metastases (VIDEIRA; REIS; BRITO, 2014).

Embora uma célula tumoral possa abrigar milhares de alteragcdes genéticas,
apenas as células que apresentam fatores de crescimento seletivo, como a presenca
de alguns receptores, podem sofrer a transformagao maligna e a progressao tumoral
(KITAMURA; QIAN, 2015). Os genes que se alteram no desenvolvimento e
progressdo de uma neoplasia ainda estdo sendo objeto de intensa investigacdo. A
identificacdo de tais genes levou a buscas mais detalhadas dos mecanismos
fisiolégicos que controlam a proliferacdo celular. Os subprodutos dos genes
envolvidos no processo tumoral estdo relacionados a atividades como regulagao do
ciclo celular, transmissdo de sinais de crescimento, regulagdo da diferenciagcdo e

morte celular e designacao da imortalidade celular. De maneira geral, a alteragao dos
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genes ocorre nas células somaticas. No entanto, em casos raros, pode advir de
predisposi¢ao genética (STADLER et. al., 2010).

Em muitos casos de formagao de tumor ha uma ligagao direta entre o efeito do
carcinégeno e mutagdes especificas, como a ativagdo do oncogene KRAS ou a
desativacdo do gene supressor tumoral p53. A exposi¢ao a radiagdo ionizante é
também causa de cancer com ligagao a prejuizos genéticos. Muitos dados associam
casos de cancer decorrentes de radioterapias e quimioterapias usadas no tratamento
de malignidades em fase inicial (LANE, 1992).

Consequentemente, o cancer surge do ganho de sinais proliferativos e da perda

de genes que inibem a proliferagao celular (WHYTE et al., 1988).

2.2 Cancer de mama

A glandula mamaria é um 6rgao par situada na parede anterior do torax sobre
0 musculo peitoral maior (Figura 1). O tecido mamario € um parénquima epitelial
formado pelos sistemas lobular e ductal, envolvidos por tecido conjuntivo fibroso e
adiposo, vasos sanguineos, linfaticos e nervos (LOUISA; SANDRA; BETH, 2007). O
sistema lobular é formado pelos lobos mamarios que sdo unidades da mama, em
numeros de 10 a 20, e s&o constituidos pelo agrupamento de inumeros lobulos
(pequenas formagdes saculares reunidas em numero de 10 a 100). Ja o sistema ductal
€ constituido por um ducto principal e suas ramificacbes intra e extralobulares
(DILLON D; GUIDI AJ, 2014).
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Figura 1. Anatomia da mama feminina sadia Fonte: BONTRAGER, 2011.

O cancer de mama constitui um importante problema de saude publica em todo
o mundo, sendo esta a neoplasia maligna de maior incidéncia (43,3/100.000
mulheres) e mortalidade (12,9/100.000) entre as mulheres, com cerca de 1,7 milhdo
de novos casos somente em 2012 (STEWART; WILD, 2014; WHO, 2017).

A etiologia dessa neoplasia é variada e é influenciada tanto por causas
genéticas como por fatores externos, como o ambiente e o habito de vida. Além
desses fatores de risco, o carcinoma de mama pode desenvolver-se devido a
elementos enddécrinos e a histéria reprodutiva (ELLSWORTH et al., 2010; TIEZZI,
2009).

Existem diversos tipos de céncer mamario, agrupados em invasivos € nao
invasivos (Figura 2). O mais frequente é o carcinoma, classificado em ductal ou
lobular. Se a malignidade for local, o carcinoma é denominado in situ. No entanto, se
as células malignas penetram o tecido exterior dos I6bulos ou dos canais, € infiltrante
ou invasivo. O carcinoma ductal invasivo, que se inicia nas células dos ductos
podendo invadir tecidos adjacentes representa 80% de todos os carcinomas da mama
(DILLON DA; GUIDI AJ, 2014).
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Figura 2. Tipos de cancer de mama. Fonte: DILLON DA; GUIDI AJ, 2014.

Em regides de poucos recursos, a maioria dos pacientes € diagnosticada em
estagio avancado e nessas condi¢des a sobrevida pode variar entre 10 a 40%
(STEWART; WILD, 2014). Além disso, 20 a 30% das pacientes podem apresentar
recidiva do cancer de mama, o que leva a uma maior probabilidade de
desenvolvimento de metastase (LOBBEZOO et al., 2015).

Tratando-se, dessa forma, de uma doenca de significativa preocupacéao para a
saude publica faz-se necessario providéncias que levem a reducdo do numero de
Obitos, bem como o aprimoramento no tratamento, melhorando sua eficacia sem

aumentar os efeitos colaterais.
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2.3 Ciclo celular, checkpoint e proteinas reguladoras

A progressao desregulada do ciclo celular caracteriza o processo tumoral e, por
isso, tem sido foco de pesquisa para o desenvolvimento de farmacos antineoplasicos
(DE ALMEIDA et al., 2005).

O mecanismo de divisao celular é precisamente coordenado com a progressao
de uma fase para outra por meio de uma maquinaria bioquimica ligada a sinais
extracelulares de controle de crescimento e proliferacdo. A maior parte dos
mecanismos envolvidos na evolu¢gdo de uma célula normal para potencialmente

maligna esta relacionada a interferéncia no ciclo celular (HAHN; WEINBERG, 2002).

O ciclo celular pode ser dividido em cinco fases: G1, S, G2, M e GO. A fase G1
(gap 1); a fase S (sintese de DNA); G2 (gap 2); a fase M (mitose); e GO (repouso)
representado na figura 3. Pode-se ainda dividir o ciclo em duas partes, a interfase e
a mitose (BARR; GRUNEBERG, 2007).

A interfase é a preparagao para a divisdo da célula, onde é realizada a sintese
de componentes e da qual fazem parte as fases G1, S e G2. A fase G1 é a mais
variavel em termos de duracado, € o periodo durante o qual a célula sintetiza RNA e
proteinas. A fase S é a fase em que ocorre a sintese de DNA, e tem uma duracao
meédia de 8 horas. A fase G2 tem uma duracgao relativamente constante, variando entre
30 a 90 minutos (BASERGA, 1965). Durante esta fase a sintese de RNA e proteinas
mantém-se, mas nido ha sintese de DNA. A fase M comeg¢a com a mitose, que se inicia
na profase e termina na telofase. Durante este periodo ndo ha sintese de DNA, a
sintese de proteinas é reduzida ao minimo e a sintese de RNA esta limitada ao inicio
da profase e a telofase tardia (MALUMBRES & BARBACID, 2001).

Completada a divisdo celular, as células retornam para fase GO (repouso).
Contudo, células tumorais, apds terminarem seu processo de replicagdo nao retornam
para GO e sim para fase G1, preparando-se novamente para entrar em divisao celular
(DE ALMEIDA et al., 2005).

A mitose abrange cinco fases - profase, prometafase, metafase, anafase e
telofase. Na profase ha inicio da condensagao da cromatina, o nucléolo desaparece e
inicia-se a formacéao do fuso mitético pelos centrossomas, movendo-se para os pélos
da célula. A prometafase inicia-se com a ruptura do envelope nuclear. Os

microtubulos do fuso mitético e os cinetécoros se ligam e se associam aos
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centrossomas, € ha movimento dos cromossomas para a zona equatorial da célula,
formando a placa metafasica. A célula encontra-se na metafase até que todos os
cromossomas estejam alinhados, e em seguida, na anafase, os cromossomos s&o
segregados para polos opostos. Na tel6fase o DNA inicia a descondensagao e faz-se
constriccdo da regidao mediana do fuso. Apos esta fase a célula sai de mitose num
processo coordenado com a citocinese, conduzindo a divisdo completa em duas
células (BARR; GRUNEBERG, 2007).

A passagem de uma fase para outra, ocorre apenas apos ativagdo dos
“checkpoints” (Figura 3), que sao pontos de checagem regulados por proteinas que
conduzem a célula a apoptose quando ndo ha condi¢ao favoravel de replicagdo. A
falha ou mutagao de alguma dessas proteinas pode levar ao surgimento de tumores
(GALLORINI; CATALDI; DI GIACOMO, 2012). Os pontos de checagem ocorrem
predominantemente em G1, na transicao G1/S; G2 na transi¢gao G2/M e na mitose, na
transicdo metafase/anafase (MALUMBRES; BARBACID, 2005).

A regulagédo nesses pontos de checagem é exercida por diversas moléculas,
dentre as quais se destacam as ciclinas, as proteinas quinase dependentes de ciclinas
(CDK) e os inibidores das quinase-ciclina CDKI. As atividades das CDK sao
contrabalanceadas pelas CKls, que incluem os inibidores universais como o P21, P27,
e P57 que atuam em varios periodos do ciclo celular (SCHWARTZ; SHAH, 2005).

Outro componente envolvido no ponto de checagem e no reparo de erros no
DNA é o fator de transcrigao p53. Quando ocorrem danos irreparaveis a molécula de
DNA o p53 pode ativar a transcrigdo de varios genes envolvidos no controle celular
como o p21, Gadd45, BAX, APAF-1, PTEN, PUMA (KLEIN, 2004; RESNICK; INGA,
2003). A ativacédo de p53 em resposta ao agente carcinogénico ocorre através da
ATM (ataxia-telangiectasia mutante) quinase e as respectivas quinases no sentido do
fluxo, CHK1 e CHK2. A proteina p53 é um supressor tumoral codificado pelo gene
TP53 e € um importante regulador do ciclo celular, atuando sobre o crescimento,

multiplicagéo, proliferagdo, apoptose e, estabilidade cromossomal (LIU et al., 2014).

Tal gene encontra-se mutado em 50% de todos os tumores e no de mama séo
observadas mutagbes em 18%-25% dos tumores primarios (SCHON e
TISCHKOWITZ, 2017).
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Figura 3. Ciclo celular, checkpoints e proteinas reguladoras. Fonte: Adaptado de

Celcyclus oefenen, 2018.

A p53 desempenha um papel importante no prognéstico do cancer de mama. Sua
super expressao resulta em um fenétipo mais agressivo, tumores pouco diferenciados,
altas taxas de proliferacdo e de grau histolégico e nuclear, o que leva a um mal
progndstico, diminuindo significativamente a sobrevida global, principalmente nos
pacientes com tumores basais (YADAYV et al., 2015). Apesar de tais caracteristicas,
tumores que superexpressam TP53 tém mostrado boa resposta a quimioterapia
(BERTHEAU et al., 2013).

A proteina p21 também tem sido alvo de pesquisa em céncer com base em
sua expressao seletiva em tumores, mas ndo em tecidos normais. A p21 € induzida
por mecanismos independentes e dependentes de p53 atuando em ambas as
funcdes, tanto como supressor tumoral, provocando parar de ciclo celular, quanto na
apoptose (XIA, M. et. al, 2011).

As vias de apoptose desreguladas observadas em canceres humanos
frequentemente resultam da superexpressao de proteinas antiapoptéticas, podendo
iniciar um cancer quando ha a regulagao positiva de variantes pro-cancerigenas

provenientes de genes apoptéticos (FIEBIG, 2013). A indugéo da apoptose ocorre por
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meio de duas vias principais: a via extrinseca (receptor de morte) e a via intrinseca
(mitocéndria). A via apoptotica intrinseca esta sob o controle das pré-enzimas
mitocondriais. A maioria das mortes celulares em vertebrados ocorre através da via
mitocondrial da apoptose (LLAMBI, 2011). Esta via é controlada pela familia de
proteinas BCL-2 (B-cell CLL/linfoma 2) e regulam a integridade da membrana externa
mitocondrial. Quando a apoptose surge como resultado da cooperagédo entre estas
proteinas, as duas proteinas efetoras pré apoptéticas: BAX (BCL-2-associated X
protein) and BAK (BCL-2 antagonistic killerproteina X associada a BCL-2 rompe a
membrana externa mitocondrial em um processo conhecido como 'permeabilizagao
da membrana externa mitocondrial' (MOMP) (YADAV et al., 2015). Se o MOMP
ocorre, as proteinas localizadas no compartimento inter-membrana mitocondrial
entram no citosol e ativam caspases e proteases de cisteina que coordenam a
desmontagem da célula. O MOMP é combatido pelas proteinas pro-sobrevivéncia
BCL-2, como BCL-2, BCL-W, BCL-xL, A1/Bfl1 e MCL-1, que impedem a capacidade
de BAX e BAK de permeabilizar a membrana mitocondrial externa (LLAMBI, 2011).

Modificagcdes nos componentes do ciclo celular e nas vias de sinalizacao de
checkpoint incidem na maioria dos tumores, resultantes da alteragao de oncogenes e
genes supressores tumorais, os quais tém fundamentais implicagdes na otimizagéao
de regimes terapéuticos e na selecédo de novos alvos que atuam no ciclo celular
(STEWART; WESTFALL; PIETENPOL, 2003).

24 Abordagem terapéutica

No céancer de mama, por ser uma doenga sistémica, a quimioterapia é
recomendada em todos os tipos, diferente dos demais carcinomas cujos tratamentos
sao escolhidos de acordo com o tamanho do tumor, comprometimento de linfonodos,

margens cirurgicas e/ou receptores hormonais (INCA, 2016).

Os agentes antineoplasicos mais empregados no tratamento do cancer de
mama incluem os agentes alquilantes, os antimetabdlitos, as platinas, os inibidores
mitéticos, dentre outros (MAUGHAN; LUTTERBIE; HAM, 2010). Apesar dos
progressos no tratamento, os medicamentos quimioterapicos possuem um indice

terapéutico estreito, o que nao possibilita muitas vezes a administracdo de uma
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quantidade suficiente de droga para obtencao da eficacia maxima (SENKUS et al.,
2015).

O Tamoxifeno é um modulador seletivo do receptor de estrogénio. Ele &
utilizado para o tratamento de cancer de mama em estagios iniciais ou avangados
(JAIYESIMI et al., 1995). Seu mecanismo de acado se deve a concorréncia pelo: a)
sitio de ligacdo de receptores de estrogénio a: presentes nos tecidos do aparelho
reprodutivo e mamas, e responsaveis pela mediagdo do desenvolvimento sexual e
funcdo reprodutiva; b) sitio de ligagdo de receptores de estrogénio B presentes no
ovario e cérebro. Sua eficacia no cancer de mama é devida a essa agao antagonista,
impedindo que o estrogénio estimule a producdo de RNA e proteinas intracelulares,

inibindo a propagacao de células neoplasicas (DOWSETT et al., 2010).

A Doxorrubicina, uma antraciclina, € atualmente um dos mais potentes e mais
utilizados antineoplasicos, tanto na forma isolada quanto na poliquimioterapia
(ROMERO et al., 2015). E um antibiético antineoplasico citotéxico amplamente
utiizado no tratamento de tumores solidos. As antraciclinas causam danos
irreversiveis as ceélulas, por se intercalarem com a dupla fita de DNA, inibir a sintese
de proteina e produzir espécies reativas de oxigénio, provocando a morte celular
(BODLEY et al., 1989).

A Cisplatina, um composto platinado, tem o uso limitado pelo seu efeito toxico,
€ por essa razao, € incluida no arsenal terapéutico somente quando o cancer de
mama torna-se metastatico (BOULIKAS; VOUGIOUKA, 2003). Ela exerce seus
efeitos citotoxicos por meio de interagdes covalentes com as bases puricas do DNA,
levando a formacgao de adutos intra e intercadeias os quais inibem a replicacéo e a
transcricdo e ativam vias de transducao de sinais que culminam em parada do ciclo
celular e apoptose (TANIDA et al., 2012).

O Irinotecano, um analogo semi-sintético da Camptotecina, por ser
extremamente téxico € empregado apenas em cancer de mama inoperavel ou
recorrente. Seu mecanismo de agao consiste na inibicado da enzima Topoisomerase |,
levando a quebras de fitas no DNA que resulta em parada de ciclo culminando em
morte celular (SOORYAKUMAR et al., 2011).

O 5- Fluorouracil é um analogo da base pirimidina uracil, que tem seu

Hidrogénio da posicéo 5 substituido por um atomo de flior. E um antimetabdlito, ou
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seja, uma molécula com estrutura bioquimica semelhante a um metabdlito necessario
para as reagdes naturais do organismo, sendo sua similaridade suficiente para ser
reconhecida pelo mesmo, mas insuficiente para a manutencao das fungdes normais,
e, portanto, altera o metabolismo celular, o que inclui a divisdo celular. Quando
administrado em associagdo com outros agentes quimioterapicos, melhora a
sobrevida de pacientes com cancer (LONGLEY; HARKIN; JOHNSTON, 2003). O 5-
FU exerce seu mecanismo de acédo de duas maneiras: inibindo a atividade da enzima
timidilato sintase (TS) ou incorporando-se ao DNA e/ou RNA. Apés a administragéo,
o 5-FU penetra imediatamente nas células gerando os compostos trifosfato de
fluorouridina (FUTP), trifosfato de fluorodeoxiuridina (FAUTP) ou monofosfato de
fluorodeoxiuridina (FAUMP). O FUTP é incorporado ao RNA e provoca redugdo da sua
estabilidade com perda funcional e morte celular (SAVVA-BORDALO et al., 2010).
FAUTP é incorporado pelo DNA alterando a estabilidade e reparo e promovendo
assim quebras nas fitas. Por sua vez, o metabdlito ativo FAUMP liga-se a enzima TS
inibindo sua atividade (LONGLEY; HARKIN; JOHNSTON, 2003; NOORDHUIS et al.,
2004).

Devido a inespecificidade das drogas antineoplasicas em relacdo as células
tumorais, os quimioterapicos atingem também as células sadias, principalmente as
que se multiplicam constantemente, provocando reagdes adversas. Sendo assim, o
grande desafio para o tratamento de canceres € a distingdo entre essas células. Nesse
contexto, agentes que demonstram seletividade sdo de grande valia para estudos
mais arraigados, sendo eles de origem natural ou sintética, por esse motivo, a sintese
organica tem focado para o desenvolvimento de drogas cada vez mais potente e mais
especifica (SIEGEL et al., 2017).

2.5 Lipideos resorcindlicos

Substancias ativas originadas de fontes naturais sao utilizadas ha muito tempo
no tratamento de enfermidades. Um amplo espectro dos medicamentos encontrados
no mercado é derivado direta ou indiretamente (como modelo de sintese para gerar
um pro-farmaco para o desenvolvimento de novos agentes) de produtos vegetais,
micro-organismos, organismos vertebrados e invertebrados (CHIN et al., 2006). Na

busca por esses novos medicamentos sdo envolvidos diversos conhecimentos que
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vao desde aspectos agronémicos, botanicos, quimicos e toxicolégicos (PARIKKA,;
WAHALA, 2009).

Consonante a este fato, os derivados resorcindlicos ou alquilresorcinois
representam substancias de importante interesse farmacologico e o estudo de suas
propriedades continua em evidéncia (Figura 4). Estes agentes constituem uma classe
de compostos bioativos que sao amplamente distribuidos na natureza, sendo
produzidos por bactérias, protozoarios, algas, plantas e animais, com grande
variedade de potencial bioldgico e industrial (KOZUBEK; TYMAN, 1999). No entanto,
podem ser também de origem sintética apresentando caracteristicas especificas em
diversos ensaios e modelos experimentais (DE ARAUJO et al., 2017; NAVARRO et
al., 2014; OLIVEIRA et al., 2015).

HO : CH HO OH

(1) (2)

Figura 4. Resorcinol (1) e alquilresorcinol (2) Fonte: KOZUBEK; TYMAN, 1999.

Em geral, essa classe de lipidios tem cadeia lateral variando entre C-5 e C-27
podendo ser saturados ou insaturados, ex. mono-, di-, tri-, tetra-, penta-, hexano. O
anel aromatico pode conter um grupo metila (metilcardol) e as hidroxilas podem ser
mono ou dimetiladas e diacetiladas. Alguns exibem um grupo carboxila, esterificado
ou livre, entre as hidroxilas. Esta classe de lipideos possui propriedades anfifilicas que
sdo atribuidas a presenca de cadeias laterais ndo isoprendides diretamente ligadas
ao anel hidroxibenzeno permitindo assim a interacdo com a bicamada lipoproteica,
formacao de lipossomos e protegado contra estresse oxidativo (KOZUBEK; TYMAN,
1999). Também apresentam propriedades inibidoras de crescimento celular, tal como
de células tumorais (BARBINI et al., 2006; NAVARRO et al., 2014; OLIVEIRA et al.,
2015; SALADINO et al., 2000).
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A primeira espécie em que os lipidios resorcindlicos foram encontrados foi a
Ginkgo biloba, que por sua vez demonstrou intensa atividade antitumoral.
Posteriormente sua ocorréncia foi verificada em outras familias de plantas superiores,
tais como Proteaceae, Myrsinaceae, Primulaceae, Miristicaceae, Iridaceae, Araceae,
Asteraceae, Leguminosae e Gramineae (ITOKAWA et al.,, 1989). Mais adiante,
estudos verificaram que esse lipidio e derivados isolados do 6leo de farelo de trigo
sao componentes ativos para a prevencgao do cancer de colon, com efeito inibidor em
células cancerosas (ZHU et al., 2011). Recentemente um estudo da substéncia 1-O-
Metil-6-acetoxi-5(Z)-(pentadec-10-enil) resorcinol isolado de Labisia pumila mostrou
atividade citotéxica em células cancerosas da mama, célon e prostata (AL-MEKHLAFI
et al., 2012).

As citosporonas e seus analogos sao lipidios resorcinolicos isolados dos
fungos Cytospora sp. e Diaporthe sp. Essas substancias tém atraido a atencéo de
pesquisadores devido ao seu potencial biolégico com atividades fungicidas,
alelopaticas, bactericidas e citotoxicas. Nessa perspectiva as citosporonas sédo alvo
de estudo do nosso grupo de pesquisa nos quais demonstramos que 0s compostos
3-Heptil-3,4,6-trimetoxi-3H-isobenzofurano-1-ona (AMS35AA) (NAVARRO et al.,
2014) e 3-Heptil-4,6-dihidroxi- 3H-isobenzofurano-1-ona (AMS49) (OLIVEIRA et al.,

2015) possuem capacidade terapéutica para o tratamento do cancer.

Em 2008, foi descrito que a citosporona B se liga especificamente ao dominio
de ligagdo do receptor orfao nuclear Nur77 causando apoptose; e por isso alguns
grupos de pesquisa concentraram esforgos tentando sintetizar citosporonas desde
entdo (ZHAN et al., 2008).

O lipidio resorcindlico sintético AMS35AA (3) foi sintetizado por Navarro e
colaboradores em 2014 a partir da citosporona (2), que foi preparada por acilagéo do
acido dimetoxibenzdico (1) com cloreto de octanoilo com 93% de rendimento. Os
isbmeros (3) e (4) foram obtidos apds o tratamento de (2) com metanol na presenga
de NaBH4 a temperatura ambiente durante 72 horas, produzindo 31% para (3) -
AMS35AA e 40% para (4) - AMS35BB (Figura 5).
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3. OBJETIVOS

3.1 Objetivo geral
Avaliar o efeito antitumoral, descrever o mecanismo de morte celular e
os efeitos do 3-heptil-3,4,6-trimetoxi-3 hisobenzofurano-1-ona em combinagdo com
diferentes quimioterapicos comerciais na linhagem tumoral de adenocarcinoma

mamario MCF-7.

3.2 Objetivos especificos

Avaliar a atividade citotoxica do AMS35AA pelo ensaio de MTT;

Investigar os efeitos combinatérios do AMS35AA e diferentes agentes
antitumorais comerciais (tamoxifeno, doxorrubicina, cisplatina, 5-fluorouracil e
irinotecano);

Verificar a capacidade do AMS35AA em causar danos no DNA e morte
celular por apoptose;

Verificar os efeitos do AMS35AA sobre a integridade de membrana e sua
influéncia sobre o ciclo celular;

Descrever o mecanismo de morte celular induzido pelo AMS35AA,;

Investigar os efeitos do AMS35AA sobre a expressao de genes
relacionados a danos no DNA (ATR, p53, GADD45 e p21) e morte celular por
apoptose (BAK, BAX, CASP6, CASP7, CASP9 e BCL-2).



30

4. MANUSCRITO

A presente pesquisa gerou um artigo no periddico internacional Anticancer Research.
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J. The resorcinolic lipid 3-Heptyl-3,4,6-trimethoxy-3 H-isobenzofuran-1-one: evaluation of
the antitumor potential in breast cancer cell line. Anticancer Res, v. 38, p. 4565 — 4576, 2018
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Abstract. Background/Aim: In recent years, the search for
new anticancer experimental agents derived from natural
products or synthetic analogues, such as resorcinolic lipids,
has received increased attention. The present study aimed to
evaluate the antitumor potential, describe the cell death
mechanism and the effects of 3-Heptyl-3,4,6-trimethoxy-
3Hisobenzofuran-1-one (AMS35AA) in combination with
different chemotherapeutic agents in the MCF-7 cell line.
Materials and Methods: Analysis of cytotoxic, genotoxic,
membrane integrity, cell death and gene expression induced
by the compound was performed. Results: The AMS35AA
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and its association with 5-FU demonstrated reduction of cell
viability; increase of cell death; enhancement of genomic
damage and accumulation of cells in G,/M phase.
Conclusion: AMS35AA has potential for breast cancer
treatment since it is capable of exerting cytotoxic and
cytostatic effects in a breast cell line and also could be an
adjuvant in cancer therapy when combined with 5-FU.

Non-isopropenic resorcinolic lipids or alkylresorcinols (ARs)
agents are widely distributed and are being produced by
bacteria, protozoa, algae, plants and animals (1). They are
amphiphilic in nature due to the non-isoprenoid side chains
attached to the hydroxybenzene ring and are believed to be also
derived from the polyketide (acetate) pathway. In general, these
resorcinolic lipids have a long carbon chain, varying between
C-5 and C-27 being able to be saturated or unsaturated, e.g.
mono-, di-, tri-, tetra-, penta-, hexane linked to a resorcinol ring,
with one or both hydroxyls methylated. The aromatic ring may
contain a methyl (methylcardol) group and the hydroxyls may
be mono or dimethylated and diacetylated. Some exhibit a
carboxyl group, esterified or free, between the hydroxyls (2).
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Among the resorcinolic lipids those that stressed relevance
are the 3-Heptyl-3.4,6-trimethoxy-3H-isobenzofuran-1-one
(AMS35AA) (3), the 3-Heptyl-4,6-dihydroxy- 3H-isobenzo-
furan-1-one (AMS49) (4) and the 3-hexyl-5,7-dimethoxy-
isochromen-1-one (isocoumarin) (5). These compounds share
the ability to increase the frequency of apoptosis in the
kidneys and liver of treated animals. In addition, AMS35AA
and AMS49 did not show any toxicogenicity, considering
that they do not induce micronuclei and they further
potentiate the genotoxic effects of cyclophosphamide (3, 4).
On the other hand, isocoumarin has genotoxic action
(increases comet frequency and micronuclei) and at the same
time has antigenotoxic action against damage induced by
cyclophosphamide and cisplatin (5). Thus, it is perceived that
AMS35AA and AMS49 are candidates as new
chemotherapeutics and adjuvants, which was not occurred in
the isocoumarin experiment because it reduced the
commercial drug effects.

We further emphasize that AMS35AA was effective in
causing immunomodulation and consequently in increasing
the number of lymphocytes. In general, the reduction of
lymphocytes in patients treated with chemotherapy is an
undesirable adverse effect that prevents the treatment of
patients with cancer. Thus, we chose to use AMS35AA in
combination with commercial chemotherapeutics. The
present study evaluated the effects of AMS35AA in
combination with the chemotherapeutic agents: tamoxifen,
doxorubicin, cisplatin, 5-fluorouracil and irinotecan with
respect to ability to induce cytotoxicity and cell death in
MCF-7 mammary adenocarcinoma cells.

Materials and Methods

Chemical agents. The following chemotherapeutics agents were
used: tamoxifen (Sanofi Aventis; Paris, France); doxorubicin
(Bergamo; Bergamo, Italy); cisplatin (Gunther, Sdo Paulo, Brazil);
5-fluorouracil (Sigma Chemical Co., St. Louis, MO, USA) and
irinotecan (Janssen Beerse, Belgium®). The resorcinol lipid
AMS35AA (3-Heptyl-3 4,6-trimethoxy-3H-isobenzofuran-1-one),
the test compound, was obtained as previously described by
Navarro, et al. (2014) (3).

Cell line and culture conditions. MCF-7 cells, human breast
adenocarcinoma cell line was used in this study. The cells were
grown at 37°C in a humidified atmosphere containing 5% CO, in
Dulbecco's Modified Eagle Medium (DMEM) (Gibco® Life
Technologies, Grand Island, NY, USA), supplemented with 10%
foetal bovine serum (FBS) (Gibco® Life Technologies, CA, USA),
0.1% penicillin/streptomicin (10,000 U, 30110-01, LGC® (Gibco®
Life Technologies).

Cell viability assay. The cytotoxic potential of AMS35AA was
evaluated by the MTT colorimetric test performed as described by
Pesarini et al. (2017) and Schweich et al. (2017), with
modifications (6, 7). Cells were seeded at a density of 3x103 in 96
well culture plates in a supplemented DMEM medium and
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incubated in 5% CO, atmosphere at 37°C for 24 h for adherence
and stabilization. Thereafter, the treatments were performed for 72
h in supplemented DMEM culture medium: A) for the
determination of ICs, (half-maximal inhibitory concentration) of
the chemotherapeutic agents; a.l) tamoxifen (2.5; 5; 7.5; 10; 20
uM); a.2) doxorubicin (0.1; 0.2; 0.3; 0.4; 0.5 uM); a.3) cisplatin
(2.5; 5.05 10; 25; 50 pM); a.4) S—fluorouracil (5-FU) (0.1; 1.0; 2.5;
5; 10 pM); and a.5) irinotecan (5; 10; 20; 40; 60 uM). b) different
concentrations of the AMS35AA (14, 28, 56, 84, 112, 140, 210 and
280 uM); B: The AMS35AA ICs, (54 uM) associated with the
chemotherapeutic agents 1Csy: tamoxifen (7 uM), doxorubicin
(0,35 uM), cisplatin (2 pM), 5-FU (2 uM) and irinotecan (20 pM)
established according to experiment A. At the end of treatment, the
cells were incubated with 100 pl of MTT (Invitrogen® Life
Technologies, 0.005 g MTT, 5 ml PBS, 10 ml HDMEM) for 4 h
under the same conditions. Plates were dried and 100 pl of DMSO
were added. The absorbance was measured at 540nm in ELISA
Plate Analyzer ROBONIK® spectrophotometer. Three independent
replicates were performed in quintuplicate. The combination Index
(CI) was calculated from the values of the affected cell fractions
(FA): CI<l1 indicates synergism; CI=1 indicates additive effect and
CI>1 indicates antagonistic effect using CompuSyn software
(www.combosyn.com) (8). The percentage of damage reduction
(DR%, positive values) (9) as well as the percentage of damage
increase (DI%, negative values) were also calculated as described
by Navarro, 2014 and Oliveira, 2015 with adaptations (3, 4),
according to the formula presented below:

Drug viability mean- association
viability mean (Drug +AMS35AA) x100

DR or DI%=
Drug viability mean — control mean

Genotoxicity test. The Comet assay alkaline version was performed as
described by Singh et al. (1988), with modifications. All samples were
processed in triplicate. 1x105 cells were seeded in a DMEM medium
supplemented with 10% foetal bovine serum and incubated in 5% CO,
atmosphere at 37°C for 24 h. The cells were exposed to the treatment
for 4 h and the concentrations were: 14, 28, 56 and 112 pM for
AMS35AA; it was also submitted to the treatment the AMS35AA
IC50 (54 uM) in combination with 5-FU ICs, (2.5 uM); Positive
Control (5-FU; 2.5 pM) and Negative Control. The cells were
trypsinized and centrifuged at 1200 rpm for 5 min. Microscope slides
were covered with a thin layer of Low Melting Point Agarose. 20 pl
of cell suspension was added to 120 pl of low melting point at 37°C.
The cells were lysed in a cold high salt and detergent containing
solution (2.5 M NaCl, 100 mM EDTA and 10 mM Tris, pH 10.0-10.5,
with freshly added 1% Triton X-100 and 10% dimethyl sulfoxide
pH=10) for 1 h in fridge. The slides were then carefully placed in a
horizontal electrophoresis chamber unit containing freshly-made
alkaline buffer (300 mM NaOH and 1 mM EDTA, pH 12.6) for
20 min for DNA denaturation. The slides were electrophoresed for
20 min at 25 volts and 300 mA, and then the buffer was neutralized
with 0.4 M Tris (pH 7.5). The material was stained (100 pl ethidium
bromide, 2x10% mg/ml) and analyzed under 400x magnification with
an epifluorescence microscope (Bioval®, Model L 2000A, Valencia,
Spain) equipped with a 420-490 nm excitation filter and 520 nm
barrier filter. The comets were classified according to Kobayashi et al.
(1995) (10). The %DR and/or %DI were calculated as described in the
cell viability assay. All steps were conducted in the dark.
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Table I. Oligonucleotides sequences

Gene Forward Reverse Size (pb)
ATR CCTTCAGATTTCCCTTGAATAC GCAGTTCATGTTTTGATGAG 137
pS3 TACCACCATCCACTACAACT GACAGGCACAAACACGCAC 145
GADD45 TCAGCGCACGATCACTGTC CCAGCAGGCACAACACCAC 82
p21 TAGCAGCGGAACAAGGAG AAACGGGAACCAGGACAC 249
p38 ATGTCTCAGGAGAGGCCCACGTTCT AATGGTCTGGAGAGCTTCTTCA 242
JNK CGACCTTCTATGACGATGC GTGGTGGTGATGTGCC 253
BAK CTGTTTGAGAGTGGCATC ATGCTGGTAGACGTGTAG 84
BAX CCTTCTTTGAGTTCGGTG TTCAGGTACTCAGTCATCCAC 100
CASP-6 CCAGACAGACAAGCTGGACA TGTACCAGGAGCCATTCACA 235
CASP-7 TCACCATGCGATCCATCAAGACCA TTTGTCTGTTCCGTTTCGAACGCC 148
CASP-9 CTCTACTTTCCCAGGTTT TTTCACCGAAACAGCATT 168
BCL-2 GGACGAACTGGACAGTAAC GCAAAGTAGAAAAGGGCGACAAC 127

Cell death. To evaluate the apoptotic or necrotic cells, a
morphological assay was performed according to the protocol for
cell death of Oliveira er al. (2007), with modifications (9). In a
12-well plate, 2x105 cells were seeded in a DMEM medium and
incubated in 5% CO, atmosphere at 37°C for 24 h. The cells were
exposed to the treatment for 4 h and the concentrations were: 14,
28,56 and 112 uM for AMS35AA; IC50 of the compound (54
uM) in combination with 5-FU IC50 (2.5 uM); Positive Control
(5-FU) and Negative Control. A second experiment was realized
in the same conditions, after 4 hfollowed by 16 h (to verify
repair) in a drug free medium. The cells were trypsinized and
centrifuged at 1200 rpm for 5 min. For the preparation of the
slides, 20 pl of cell suspension and 2 pl of ethidium bromide dye
(100 pg/ml) and 2 pl of acridine orange (100 ug/ml) were used,
following the protocol of Oliveira et al. (2007) (9). The assay was
performed in three independent replicates. 100 cells per slide
were analyzed under a fluorescence microscope at a
magnification of 400x.

Cell-cycle analysis. In brief, MCF-7 cells were seeded at a density
of 2x105 cells per well in a supplemented DMEM medium and
incubated in 5% CO, atmosphere at 37°C for 24 h. Then, the cells
were exposed to the treatment for 24 h, as following: a) AMS35AA
(ICsy 54 uM); b) AMS35AA (IC5y 54 uM) in combination with 5-
FU (ICsy 2.5 uM); Positive Control (5-FU; 2.5 uM) and Negative
Control. After 24 h of treatment, the cells were trypsinized,
centrifuged at 1,200 rpm for 5 min and resuspended in 100 pl of
PBS. Next, 5 ul of RNAse was added, and the cells were incubated
at 37°C for 30 min. Lysis of DNA was performed using 100 pl of
lysis solution (50 pg/l PI, 0.1% sodium citrate, 0.1% Triton X-100),
and incubated on ice in the dark for 30 min. Fluorescence intensity
(from 10,000 cells) was immediately analyzed by flow cytometry
(BD Accuri™ C6, Becton Dickinson, Franklin Lakes, EUA) with
488-nm laser excitation (7).

Membrane Integrity. The cells were prepared as described above.
After that, 25 pl of PI 50 ug/ml was added to resuspended cells for
5 min at room temperature in the dark. Fluorescence intensity (from
10,000 cells) was immediately analyzed by flow cytometry (BD
Accuri™ C6) with 488-nm laser excitation (7).

Gene expression analysis. RT-qPCR analysis has been applied in an
attempt to determine changes in gene expression profiles. Table I
contains the oligonucleotides sequences used to amplify genes
involved in the DNA damage (ATR, p53, GADD45 and p21) and
apoptosis (BAK, BAX, CASP6, CASP7, CASP9 and BCL-2).In a 6
well plates a total of 2x105 cells/well were seeded in a supplemented
DMEM medium and incubated in 5% CO, atmosphere at 37°C for
24 h. Then, the cells were incubated for 24 h with: a) different
concentrations of AMS35AA (14, 28, 56 and 112 uM); b) ICs, of the
compound in combination with ICs, of 5 FU (2.5 uM), c¢) Negative
Control and d) Positive Control. Briefly, for RNA extraction, the cells
were treated with guanidine isothiocyanate buffer (GuSCN 5 mol/l,
Tris HCL 11.2 g/l pH6.4, EDTA NaOH 7.43 g/1, 7.8 ml Triton X-100)
and 50 pl of magnetic beads (bioMérieux® Marcy—l'Etoile, France)
was added to each sample (200 ul). Right after successive washes in
GuSCN(/citrate and ethanol were performed. The nucleic acids are
eluted in 30 pl of RNAse free water. The samples were quantified
using a spectrophotometer. The ratio of absorbance at 260 nm and
280 nm (NanoVue™ Plus spectrophotometer - Life Sciences®) is
used to assess the purity of RNA, and only samples with a ratio
between 1.8 and 2.1 were used in further experiments. The cDNA was
obtained by reverse transcription and amplified by PCR (T100™ -
Thermal Cycler, Bio-Rad™ , Hercules, Califérnia, EUA) using the
GoScript Reverse transcription (RT) System (Promega®, Madison,
EUA) following the instructions from the manufacturer. Real-time
PCR was carried out in triplicate by a Rotor Gene® (Qiagen, Hilden,
Alemanha) instrument. Reactions were prepared in a total volume of
20 pl, containing 10 pl of GoTaq® Master Mix (Promega Madison,
EUA), 2 pmol of each oligonucleotide, 500 ng of cDNA and ddH,O.
The cycling parameters were as follows: 95°C for 5 min (initial
denaturation), 40 cycles at 95°C for 2 sec (denaturation), and 60°C
for 30 sec (annealing and extension). At the end, the melting curve
was generated to analyze the specificity. The GAPDH (beta-actin)
was used as a reference gene. The results were analyzed in the Rotor
Gene® v2.3.1 (Qiagen) software.

Statistical analysis. The results were expressed as means+standard
error of the mean (SEM) and analyzed by ANOVA/Tukey test using
the GraphPad Prism software (version 3.02; San Diego, CA, USA).
The level of significance adopted was p=<0.05.

4567


Paula
Carimbo


ANTICANCER RESEARCH 38: 4565-4576 (2018) 34

A 100+ B 100+
£ 751 T 751
2 2
2 50 3 50
> >
3 3
© 25 © 25
- Tamoxifen (IC5q:7uM) -=- Doxorubicin (IC55:0.35uM)
0—— T 0 T T T T T
255 7510 20 01 02 03 04 05

Concentration (uM) Concentration (pM)
C 1004 D 100+
£ 75 g 75
2 2
2 50 £ 50,
> bd ¥
3 3 —
© 25 © 25

0 -~ Cisplatin (ICsq: 2uM) 0 -s- 5 Fluorouracil (|C501 25}1M)
2.55 10 25 50 011 25 5 10

Concentration (uM) Concentration (uM)
E 1001
£ 751
2
2 50
E
©
© 25

-~ Jrinotecan (ICsp: 20 uM)

0+—— .
0 510 20 40 60
Concentration (uM)

Figure 1. Determination of ICsy values. MCF-7 cells were treated for 72 h with various concentrations of tamoxifen, doxorubicin, cisplatin, 5-FU
and Irinotecan as mentioned in Materials and Methods section. MTT assay was then used to determine the cell viability (%). For each experiment,
three independent replicates were performed in quintuplicates. The mean and standard error of the mean (SEM) — (bar), are shown in the plot.
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Figure 2. Determination of range and ICs, value of AMS35AA. (A) The range determination of AMS35AA in MCF-7 cells. (B) Determination of
ICsq value of AMS35AA. The cells were treated for 72 h with different concentrations (14, 28, 56 and 112 uM) For each experiment, three
independent replicates were performed in quintuplicates. The mean and (SEM) — (bar) are shown in the plot.

Results

ICsy determination of the commercial chemotherapeutic
agents. The ICs, of the commercial chemotherapeutic agents
was established by pilot run using CompusSyn software. The
IC5y of tamoxifen (Figure 1A), doxorubicin (Figure 1B),
cisplatin (Figure 1C), 5-FU (Figure 1D) irinotecan (Figure 1E),
was, respectively, 7uM, 0.35 uM, 2 pM, 2.5 uM and 20 pM.

ICs determination of the AMS35AA and cell viability study.
The first MTT assay demonstrated that concentrations higher
than 14 uM were capable of reducing significantly cell
viability of MCF-7 (Figure 2A). After that, a smaller range
was tested to establish the ICsy. In this second run,
concentrations of 14, 28, 56 and 112 uM of AMS35AA
reduced the cell viability to (p<0.05) 88.50+3.5, 64.82+4.65,
51.36+5.62 and 27.37+0.76, respectively and the IC5, was
54 uM (Figure 2B).

Cell viability: effects of AMS35AA associated with
chemotherapeutic agents. The cytotoxic effect of tamoxifen,
doxorubicin, cisplatin and irinotecan was reduced by
AMS35AA and the percentages of damage reduction were
4%, 6%, 2% and 143.3%, respectively. According to the
combination index AMS35AA has antagonistic action on
tamoxifen, doxorubicin, cisplatin and irinotecan. When
AMS35AA was combined with 5-FU, a 30% increase in
damage was observed and, therefore, the combination index
indicated an additive effect (Figure 3).

AMS35AA causes genomic damage and potentiates the effects
of 5-FU. AMS35AA is genotoxic and increases the frequency
of DNA lesions by 2.61x, 2.79x, 3.60x and 2.82x at 14, 28,

56 and 112 pM and the score by 2.53x, 2.93x, 3.84x and
2.88x, for the same concentrations, respectively (Table II).
When AMS35AA was combined with 5-FU at their ICj,
values there was a 21.03% increase in the frequency of
lesioned cells and a 63.19% increase in the score (Table II).
When the same test was performed after 16 h of recovery, the
frequency of lesioned cells was increased by 1.88x, 2x,2.97x
and 2.03x and the score at 1.89x, 2.02x, 3, 32x and 1.97x,
respectively. It was also observed that the increase in damages
was in the order of 27.6% for the frequency of lesioned cells
and 178.72% for the score, respectively (Table III).

AMS35AA induces cell death. A cytological analysis of cell death
(differential apoptosis and necrosis) 4h after treatment
demonstrated that all concentrations caused a significant increase
in the frequency of cell death. The increases were 2.6x, 2.76x,
3.4x and 2.86x, relative to the control, for the concentrations of
14,28, 56 and 112 uM, respectively. In the evaluation after 16
h, a significant increase was observed only at concentrations
above 28 pM. There was an increase by 1.54x; 2.77x; 2.45% and
2.12x, relative to the control, for the concentrations of 14 (non-
significative), 28, 56 and 112 uM, respectively (Figure 4). At the
concentration of 56 uM, there was more apoptosis in the
experiment after 16 h. The combination of AMS35AA with 5-
FU at their IC5(, values demonstrated potentiation (p<0.05) of
apoptotic effects of 5-FU by 7.4x and 5.96x for the experiment
evaluated with and without recovery (Figure 4). According to
this cytological assay cell death occurred by apoptosis and no
necrotic cells were observed.

AMS35AA does not cause rupture of plasma membrane. The

MCEF-7 cells were negative for PI test by flow cytometry
(Figure 5), confirming the membrane integrity.
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Figure 3. Continued
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Figure 3. Effects of AMS35AA when associated with chemotherapeutic agents on cell viability in the MCF-7 breast cancer tumor line using the
MTT assay. Chemotherapeutics alone (black line); chemotherapeutics combined with AMS35AA (gray line). (A) Tamoxifen ICs, and tamoxifen IC s
in combination with AMS35AA ICs; (B) Combination Index between tamoxifen and AMS35AA; (C) Doxorubicin ICsy and doxorubicin ICs in
combination with AMS35AA ICs; (D) Combination Index between doxorubicin and AMS35AA; (E) Cisplatin ICs and cisplatin IC s in combination
with AMS35AA ICsy, (F) Combination Index between cisplatin and AMS35AA (G) 5-FU ICsy and 5-FU ICs in combination with AMS35AA ICs;
(H) Combination Index between 5- FU and AMS35AA; (1) Irinotecan IC 5 and irinotecan IC s in combination with AMS35AA ICs. The combination
index of irnotecan was not calculated since the affected fraction cannot be negative to generate CI. For each experiment, three independent replicates
were performed in quintuplicates. The mean and (SEM) — (bar) are shown in the graphs (A), (C), (E), (G) and (I). The combination index values
were calculated according to the Chou and Talalay method using the CompuSyn software. (J) Percentual of damage reduction (DR%, positive

values) and Percentage of damage increase (DI%, negative values).

Combination of AMS35AA with 5-FU induces inhibition of cell
cycle progression (sub-G; and G,/M arrest). AMS35AA and
5-FU caused a statistically significant reduction of cells at the
S phase and increase of cells in the G,/M phase. In addition,
the combination of these two compounds was still able to
reduce the frequency of cells in G; and S phases and increase
the frequency in the G,/M phase. This increase in G,/M was
1.48x comparing to 5-FU and AMS35AA + 5-FU (Figure 6).

Gene expression. AMS35AA caused a significant increase in
the expression of p53 levels (Figure 7A) and a significant
reduction in BAX expression (Figure 7B). 5-FU increased
(p<0.05) expression ofATR, p53, p21, GADDA45 (Figure 7A)
and BAK (Figure 7B) and reduced (p<0.05) BCL-2
expression (Figure 7B). The combination of these two
compounds caused a significant increase in the expression of
ATR, p53, p21, GADD45 (Figure 7A), BAK, CASP7 and
CASPY (Figure 7B), and significant reduction of BCL-2
(Figure 7B).

Discussion

AMS35AA is a resorcinol lipid that was firstly synthesized
and tested by our research group. A therapeutic potential for
cancer therapy was demonstrated (3). Since then, we have
challenged breast cancer cells (MCF-7) with this compound

and our results are promising. This study verified that
AMS35AA has a cytotoxic and cytostatic effect on MCF-7
cells since a reduction of cell viability and cell cycle arrest
were found.

According to Navarro et al. (2014) AMS35AA is neither
genotoxic nor mutagenic in Swiss mice (3). However, the
present search indicates that this resorcinolic lipid is genotoxic
to MCF-7 cells. These results may suggest a selective action
on tumor cells, a fact also suggested by Navarro et al. (2014)
(3). This ability to cause genomic damage was confirmed by
the comet assay and also corroborates for this finding: (i) the
reduction of cell viability observed in the MTT assay; (ii) the
increase of cell death verified in the cytological assay
(differential apoptosis/necrosis); and (iii) the increase of p53
levels.

Most likely the three methoxy groups of AMS35AA can
be demethylated on position 4 and 6 and maybe also in
position 3. This benzofuran can become very reactive,
especially when the demethylation occurs at the 3-position.
The furan side can be opened, which leads to a reactive
molecule that may explain the genotoxicity towards MCF-7
cells. The hydroxyl groups on position 4 and 6 are less
reactive. Catechol setting, i.e. 4 and 5 or 5 and 6 hydroxyl-
groups, are chemically more reactive (11).

It is believed that these DNA damages lead the cells to
apoptosis since AMS35AA did not cause damage to

4571


Paula
Carimbo


ANTICANCER RESEARCH 38: 4565-4576 (2018)

38

Table II. Frequency of cells with total DNA damage, class of damage and score of the Comet assay on MCF-7 breast cancer line after 4 h of

treatment with AMS35AA.

Class of damage

Experimental groups DNA damage 0 1 2 3 Score

Control 18.04+3 462 81.96+2.19 10.04+3.79 4.67+1.20 3.33+1.20 29.37+4.262
5-Fluorouracil 76.67+4.46¢ 23.33+3.15 42.67+4.63 13.00+1.53 21.00«1.15 131.67+4.35¢
14 uM AMS35AA 47.01£1.67b 53+1.26 28.33£10.5 10.01£1.15 8.67+2.60 74.36+0.88P
28 uM AMS35AA 50.33+1.85P 49.67x1.84 27.00+2.00 11.00+2.08 12.33+1.86 85.99+3.38b
56 uM AMS35AA 65+4.04¢ 34.97+3.46 31.66+3.71 19.00+2.00 14.33+2.73 112.65+1.86¢
112 uM AMS35AA 51+5.52b 49.02+4.15 28.00£3.51 12.33+1.45 10.67+1.76 84.66+8.170
ASSOCIATION 89+10.00d 10.1+2.55 19+3.78 32.66+3.18 37.33+2.08 196.31£5.33d

Association (AMS35AA IC5y + 5 — FU IC5()). Mean+SEM of number of total cells/300 cells (100 cells/treatment/repetition). Different letters indicate

statistically significant differences. ANOVA/Tukey-Kramer (p<0.05).

Table III. Frequency of cells with total DNA damage, class of damage and score of the Comet assay on the MCF-7 breast cancer line after 4 h of

treatment with AMS35AA followed by 16 h free of treatment.

Class of damage

Experimental groups DNA damage 0 1 2 3 Score
Control 24.66+3 482 75.34+6.02 12.36+1.28 7.66+2.08 4.66+3.78 41.66+15.532
5-fluorouracil 79.65 +4.16¢ 20.35+8.62 46.66+8.62 12.33+3.05 20.66+3.05 95+4.04¢

14 uM AMS35AA 46.33+4.092.0 53.66+7.37 26.00£6.55 8.33+2.51 12.00£7.00 78.66+22.48"b
28 uM AMS35AA 49.33+2.18b 50.66+3.78 25.33+2.51 13.00+3.60 11.00+1.00 84.33£9.01P
56 uM AMS35AA 73.33+£3.93¢ 26.67+6.80 30.00+4.35 21.66+4.61 21.67+2.08 138.33+10.40¢
112 uM AMS35AA 50+2.51b 50.02+4.35 26.66+3.21 14.66+4.04 8.66+2.08 82.00+9.16P
ASSOCIATION 94.83+0.884 5.17+6.55 46.66+7.76 22.84+5.25 25.33+2.30 190.33+15.04d

Association (AMS35AA IC5y + 5 — FU IC5()). Mean+SEM of number of total cells/300 cells (100 cells/treatment/repetition). Different letters indicate

statistically significant differences. ANOVA/Tukey-Kramer (p<0.05).

membrane integrity and there was already indication of cell
death by apoptosis in the morphological assay. In addition,
accumulation of cells in G,/M phase was observed when the
cells were treated with the resorcinol lipid. This cell cycle
arrest in G,/M phase may occur in response to DNA damage
(p53 increase). It was also supposed to happen a late apoptosis
after treatment with AMS35AA. This late apoptosis could be
suggested since comet and apoptosis assays demonstrated that
even in the absence of treatment, the frequency of DNA
damage and cell death were maintained at similar statistical
levels. The reduction of BAX, a pro-apoptotic protein, may be
related to the occurrence of late apoptosis (12).

Another fact that may justify the reduction of BAX is that
BAX protein levels declined in the cytosol at 3 and 8 h
respectively after treatment, which was subsequent to
cytochrome c release. It is, therefore, possible that in these
cells, sufficient BAX resides at the mitochondrial membrane
to induce cytochrome c release after death signal, and further
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apoptotic insult leads to increasing amounts of BAX
translocating to the mitochondria (13).

These data indicate that AMS35AA may be cytotoxic and
cytostatic in MCF-7 cells, suggesting two possible
mechanisms of action for its anticancer effect. Therefore, the
present study indicates an alternative cell death pathway
(DNA damage-mediated apoptosis) for the literature
proposed for resorcinolic lipids until now (14, 15).

A Chinese research group in 2008 found evidence, by
molecular biology studies, that cytosporone B, also a
resorcinolic lipid, showed to be cytotoxic on many strains of
tumors behaves as a natural ligand to the orphan nuclear
receptor Nur77 of eukaryote cells. (14, 15). Its expression is
induced in response to cellular stress, serum withdraw or
treatment with apoptotic agents or mitogenic factors. The
amoitone B, another resorcinolic lipids, is one of the most
active analogues of cytosporone B. It has similar response
with respect to cellular viability assays and apoptosis. It also
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Figure 4. Graph showing the percentage of apoptotic cells treated with
different concentrations of AMS35AA (14, 28, 56 and 112 uM); ICs (5-
FU) and combination of AMS35AA and 5-FU at their ICs values in
MCEF-7 cells for 4 h (gray bars) and 4 h followed by 16 h (black bars)
in drug free medium. 100 cells were analyzed per slide under a
fluorescence microscope at a magnification of 400x. The cells were
classified by morphological appearance and differential staining by
ethidium bromide and orange acridine. The graphs represent the mean
and SEM of three independent replicates. Necrotic cells were not found.
Statistical differences were analyzed by ANOVA/Tukey. Different letters
indicate statistical differences (p<0.05).
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Figure 6. Results of the cell-cycle analysis by flow cytometry. The cell-cycle distribution was quantified and is shown in bar graphs including sub
G}, Gy/Gy, S and Gy/M phases. AMS35AA in combination with 5-FU induces inhibition of cell cycle progression (sub-G; arrest and G,/M). Data
are presented as mean+SEM of three separate experiments. Statistical differences were analyzed by ANOVA/Tukey. Different letters indicate statistical

differences (p=<0.05).

demonstrates affinity for Nur77 and antitumor activity in
vivo (16). In addition, some alkyresorcinols exhibit activity
in colon neoplasic cells (SW620), inhibiting proliferation by
more than 70%, in lung neoplasic cells (H1299) and in

hepatome cells (HepG2) by more than 40%. In hepatocytes
(HL-7702), human hepatoblasts (ME-Hep4) and fibroblasts
(NIH3T3), the effect was smaller, suggesting that their
activity by Nur77 is cell type dependent (14, 16).
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The chemotherapeutics drugs cisplatin, tamoxifen,
doxorubicin, 5-FU and irinotecan used in the treatment of
breast cancer were analyzed in a cell viability test to verify the
ability of AMS35AA to potentiate their effects. 5-FU was the
only drug that demonstrated agonism when combined with
AMS35AA. All the others presented antagonism. On that
account, the combination of AMS35AA with cisplatin,
tamoxifen, doxorubicin and irinotecan are not indicated in view
of their reduction in anticancer action. Equivalent finding was
presented by Mauro et al., 2017 in a similar study (16).

5-FU was the only chemotherapeutic agent that
potentiated the effect of AMS35AA. For this reason, the
other agents were not used in the upcoming association tests.
The combination index value between the resorcinolic lipid
and 5-FU were less than 1 indicating strong additivism
additive effect in MCF-7 cells (8).

Experimental agents derived from natural or synthetic
products offer opportunities to evaluate not only totally new
chemical classes of anticancer agents, but also relevant
mechanisms of action. In some studies on anticancer
properties of natural or synthetic products, it was shown that
resorcinolic lipids are able to inhibit both DNA and RNA
synthesis and to possess the ability for DNA strand scission
(17). Regarding the 5-FU mechanism of action, it was found
that this pyrimidine antagonist is converted to the active
element 5-FAUMP (5-fluorodexoiuridine-monophosphate)
(18). This metabolite interacts with the enzyme thymidylate
synthase causing the suppression of thymidine triphosphate
(TTP) and, thus, preventing DNA synthesis. In addition, 5-FU
inhibits RNA processing and is incorporated into DNA at the
site where TTP is suppressed. 5-FU is also capable of causing
single strand breaks and double strands of DNA (17, 19).

These combined mechanisms of action may be responsible
for the additive effect (increase of 30% of the affected
fraction) observed for AMS35AA and 5-FU according to the
combination index proposed by Chou and Talalay (1983) (8).
The data below corroborate for this: potentiation of the
anticancer effects and the increase of DNA damage evaluated
by the comet assay, increase in the expression of ATR, p53,
p21 and GADDA4S5 (genes involved in DNA damage), which
occurred in both 5-FU treated cells and in those treated with
the combination of 5-FU + AMS35AA; and also, cell-cycle
arrest in G,/M phase observed more prominently in the
combined treatment. In addition, there was an increase in the
frequency of apoptosis, evaluated by the cytological method,
which is associated with absence of cell membrane damage
(evaluated by the flow cytometry test) and increased
expression of the BAK, CASP7, CASP 9 and reduction of
BCL-2 expression (genes involved in apoptosis) in the
combined treatment (5-FU + AMS35AA). Many studies
report the presence of proteins that may be linked to this
accumulation in sub G| phase, as is the case of p21 increase
expression (20).
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Figure 7. Relative expression of genes involved in (A) DNA-damage
ATR, P53, P21, GADD45 and (B) Apoptosis BAK, BAX, CASP6,
CASP7, CASP9 and BCL-2 obtained by Real Time PCR.

Gamper, 2017, has reported similar results in a study of
alkylresorcinol in human hepatocarcinoma cell, demonstrating:
(1) morphological alterations of apoptosis; (2) DNA
fragmentation, detected by laddering and appearance of a sub-
G, phase population; and (3) condensed and fragmented
nuclei by acridine orange— PI (20).

MCF-7 breast cancer cells do not express caspase 3,
thought by some to be a critical component of the apoptosis
cascade. Despite this, MCF-7 cells undergo morphological
apoptosis after treatment with a variety of agents and
conditions (21). In agreement with this finding, the present
work demonstrates that MCF-7 cells expressed damaged and
apoptosis genes after treatment with AMS35AA. The
underlying molecular mechanisms of toxicity of various
antineoplastic drugs are only partially known, in spite of their
extended clinical use. There is compelling evidence that one


Paula
Carimbo


Rabacow et al: Antitumor Potential of AMS35AA in Breast Cancer Cells 41

of their main effectors is the p53, known as an important
mediator in the action of many drugs (22). DNA damage
signal through ATM/ATR or via CHK1/CHK2 can activate
p53 in a direct or indirect manner, respectively (23). The
results of this study indicate that P21 may function as a
primary response gene. In addition, its appears to be involved
in G,/M phase cell accumulation, explaining its high
expression in the Real Time PCR test (24). This research
indicates that AMS35AA treatment down-regulates Bcl-2
(anti- apoptotic) expression. It could be inducing a
conformational change of Bcl-2, witch activation of caspase-
7 and -9 in MCF-7 cells which favor spontaneous apoptotic
cell death (25). The expression of BAX (pro-apoptotic) was
also down regulated. Therefore, this finding suggests that the
pathway that leads to apoptosis is BAX-dependent. The
compound inhibited ATR, the upstream activator of CHK1,
avoiding the DNA repair. But when combined with 5-FU
there was an increase in ATR, however, not enough to repair
the damage.

Our results suggest that AMS35AA has potential for the
treatment of breast cancer since it is capable of exerting
cytotoxic and cytostatic action in MCF-7 tumoral lineage. In
addition, it is possible to affirm that cell death is mediated by
DNA damage that leads cells to apoptosis by caspases
activation. Finally, our results further suggest that AMS35AA
is able to potentiate the effects of the chemotherapeutic agent
5-FU, for this reason it is a candidate to be an adjuvant in
breast cancer therapy.
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5, CONSIDERACOES FINAIS

Com os ensaios executados conclui-se que o lipidio resorcindlico ndo isopropénico
AMS35AA:

e E citotoxico para células tumorais MCF-7;

e Potencializa o efeito citotoxico do quimioterdpico S-fluorouracil;
e E genotoxico e provoca morte celular por apoptose;

e Nao provoca ruptura da membrana plasmatica;

e Induz acimulo das células nas fases sub-G1 e G2/M do ciclo celular;

A morte celular por apoptose ocorre pela ativacdo de caspases por via
independente de BAX, uma via alternativa ao mecanismo de morte proposto até

0 momento.

Sendo assim, por apresentar capacidade tanto citotdoxica como citostatica em células
MCF-7, o AMS35AA demonstrou potencial para o tratamento do cidncer de mama. Além de
potencializar os efeitos genotoxicos do quimioterdpico 5-FU, sugerindo uma possivel

possibilidade de associagdo na terapéutica.
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