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Resumo

Céncer é um grupo de doengas que atingem pessoas em todo 0 mundo, causando milhdes de
morte anualmente. Docetaxel (DTX) é uma das abordagens terapéuticas mais utilizadas contra
canceres de mama. Todavia, quimioterapicos podem apresentar efeitos colaterais, tais como
toxicidade e imunossupressao, podendo levar ao aparecimento de infec¢Ges. Para minimizar os
efeitos colaterais causados pela quimioterapia, tem-se investigado a associacdo entre
quimioterapicos e produtos naturais. Propolis € um produto apicola que apresenta muitas
atividades farmacoldgicas. Neste trabalho, investigamos a acdo citotoxica e imunomoduladora
de uma associacdo entre extrato etandlico de propolis (EEP) e docetaxel (DTX) sobre a
linhagem celular MCF-7 de cancer de mama e sobre monadcitos obtidos de mulheres saudaveis.
O potencial citotéxico da combinacdo EEP+DTX sobre a linhagem MCF-7 e mondcitos foi
verificado por ensaio de viabilidade celular (MTT); e o tipo de morte celular (apoptose/necrose)
foi avaliado por citometria de fluxo. Os efeitos de EEP, DTX e EEP+DTX sobre a migracéo e
invasdo das células MCF-7 também foram investigados. A producdo das citocinas IL-1f3, TNF-
a, IL-6 e IL-10 por mondcitos foi verificada por ELISA; a expressdo dos marcadores celulares
HLA-DR, CD80, TLR-2 e TLR-4 foi avaliada por citometria de fluxo. Também foi avaliada a
atividade fungicida de mondcitos contra Candida albicans e a producéo de espécies reativas do
oxigénio (EROs). O impacto do sobrenadante de mondcitos tratados sobre a viabilidade,
migracdo e invasdo das células tumorais também foi investigado. A associacdo EEP (25 ug/mL)
+ DTX (10 nM) potencializou a a¢do citotdxica do quimioterapico contra a linhagem MCF-7,
induzindo morte celular por necrose e impedindo a migracdo dessas células. EEP+DTX néo
afetou a viabilidade de mondcitos humanos, estimulou a expressdo de HLA-DR, a producéo de
TNF-a e IL-6, restaurou a atividade candidacida e reduziu o estresse oxidativo dos mondcitos.
Tais resultados indicam que EEP em combinagdo com baixas concentracdes de DTX afetou a
viabilidade e migrag&o de células MCF-7 in vitro, e favoreceu alguns parametros imunoldgicos
relacionados as fung¢fes dos monacitos. Estes sdo achados novos e relevantes que merecem
mais investigacOes devido as suas implicacdes praticas, a fim de propor uma nova abordagem

terapéutica na Medicina Alternativa e Complementar para pacientes oncolégicos.

Palavras-chave: propolis, docetaxel, cancer de mama, imunomodulagéo



Abstract

Cancer widely affects the world population, with millions of deaths registered anually.
Docetaxel (DTX) is one of the therapeutic approaches against breast cancer. Nevertheless,
chemotherapy may exert side effects like toxicity and immunosuppression, leading to
infections. In an attempt to reduce the adverse effects caused by chemotherapy, the dual
application of medicines and natural products has been investigated. Propolis is made by
honeybees showing many pharmacological properties. In this study, we investigated the
cytotoxic and immunomodulatory effects of the ethanolic extract of propolis (EEP) in
combination with DTX on breast cancer MCF-7 cells and on monocytes from healthy female
blood donors. The cytotoxic potential of EEP+DTX was assessed by MTT assay and the type
of tumor cell death (apoptosis/necrosis) was evaluated by flow cytometry. The effects of EEP,
DTX and their combination on the migration and invasion of MCF-7 cells were observed.
Cytokine production (IL-1B, TNF-a, IL-6 and I1L-10) by monocytes was assessed by ELISA;
the expression of cell surface markers (HLA-DR, CD80, TLR-2 and TLR-4) was verified by
flow cytometry. We also investigated the fungicidal activity of monocytes against Candida
albicans and reactive oxygen species (ROS) generation. Finally, the impact of the supernatants
of treated monocytes in the viability, migration and invasiveness of tumor cells was assessed.
EEP (25 pg/mL) + DTX (10 nM) enhanced the cytotoxic action of DTX alone against MCF-7
cells by inducing necrosis and inhibiting their migratory ability. EEP+DTX exerted no
cytotoxic action in monocytes and stimulated HLA-DR expression, TNF-o and IL-6
production, exerted an immunorestorative action in the fungicidal activity and reduced the
oxidative stress of monocytes. Data indicated that EEP in combination with lower
concentrations of DTX affected the viability and migration of MCF-7 cells in vitro, and
improved some immunological parameters related to monocyte functions. This is a new and
relevant finding that deserves further investigation due to its practical implications, proposing

a new therapeutic approach for oncologic patients in Complementary and Alternative Medicine.

Keywords: propolis, docetaxel, breast cancer, immunomodulation
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1. Introducgéo

1.1. Cancer de mama e quimioterapia

Céancer € o nome dado ao conjunto de doencas que tém em comum o crescimento
desordenado de células capazes de invadir tecidos e 6rgaos, com a possibilidade de se
espalharem para diversas regides do corpo. Atinge milhGes de pessoas pelo mundo, com a
previsdo de 22 milhdes de novos diagnosticos de cancer até 2030 (BRAY, 2016).

Em fevereiro de 2020, o Instituto Nacional do Cancer (INCA) lancou a publicagéo
“Estimativa 2020 — Incidéncia de Cancer no Brasil”, na qual ha informagdes sobre as taxas de
incidéncias dos diferentes tipos de canceres no Brasil para o triénio 2020-2022. Para cada ano
do triénio é estimada a ocorréncia de 600 mil novos casos de cancer. Exceto o cancer de pele
ndo melanoma, os canceres mais incidentes serdo os de prostata nos homens (29,2%) e de mama
nas mulheres (29,7%), sendo este ultimo predominante nas regides Sul, Sudeste, Centro-Oeste
e Nordeste (Figura 1) (INCA, 2019).

Prostata 65.840 29,2% Homens Mulheres Mama feminina 66.280 29,7%

Célon e reto 20.520 9,1% Célon e reto 20.470 9,2%

Traqueia, bronquio e pulmao 17.760 7,9% Colo do utero 16.590 7,4%
Estomago 13.360 5,9% Traqueia,brénquio e pulmao 12.440 5,6%

Cavidade oral 11.180 5,0% Glandula tireoide 11.950 5,4%

Esofago 8.690 3,9% Estémago 7.870 3,5%

Bexiga 7.590 3,4% Ovario 6.650 3,0%

Linfoma nao Hodgkin 6.580 2,9% Corpo do utero 6.540 2,9%
Laringe 6.470 2,9% Linfoma nao Hodgkin 5.450 2,4%

Leucemias 5.920 2,6% Sistema nervoso central 5.220 2,3%

*Nameros arredondados para multiplos de 10.

Figura 1. Estimativa para 2020 dos dez tipos de cAncer mais incidentes no Brasil por sexo, exceto pele
ndo melanoma. Fonte: INCA, 2019.

O numero de casos de cancer de mama previstos para cada ano do triénio é de 66.280,
com risco estimado de 61,61 novos casos a cada 100 mil mulheres. O cancer de mama, assim
como no Brasil, & o mais incidente no mundo entre as mulheres. Cerca de 2,1 milhdes de novos
casos ocorreram em 2018, sendo equivalente a 11,6% de todos os canceres estimados,
correspondendo a um risco de 55,2 casos a cada 100 mil. Embora sua incidéncia independa da
condicdo socioeconémica de cada pais, foi observado um declinio em alguns paises
desenvolvidos, atribuido a diminuicdo do tratamento de reposi¢cdo hormonal pds-menopausa
(BRAY et al., 2018; FERLAY et al., 2018; INCA, 2019). Todavia, 0 comprometimento

causado por esse cancer muito se deve ao diagnostico tardio da doenca, principalmente nos
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paises de baixa e media renda, aumentando a morbidade e, consequentemente, comprometendo
a qualidade de vida e sobrevida dos pacientes (INCA, 2015).

Quando nos referimos ao cancer de mama, remetemo-nos a um grupo de doencas que
apresentam caracteristicas moleculares préprias, variando de acordo com a complexidade
gendmica, alteracbes genéticas, resposta ao tratamento e progndstico clinico. Dentre as
possiveis classificaces dos canceres de mama, estes sdo comumente categorizados de acordo
com a presenca ou auséncia de marcadores celulares para receptores de estrégeno (ER) ou
progesterona (PR) e do fator de crescimento epidermal 2 (HER2). Deste modo, essas neoplasias
podem ser classificadas em 4 subtipos principais: luminal A (HR+/Her2-) e luminal B
(HR+/Her2+), que séo positivos para a expressao de receptores de hormonios (HR), sendo estes
receptores para estrogénio (ER) e/ou progesterona (PR); os Her2+, que nao expressam
receptores de horménio mas expressam Her2+ (HR-/Her2+); e basal ou triplo-negativo (ER-
/Her2-/PR-), os quais ndo expressam esses receptores (DeSANTIS et al., 2019; WAKS &
WINER, 2019; TSANG & TSE, 2020).

Para o estudo in vitro dos canceres de mama, diferentes linhagens celulares tém sido
utilizadas, permitindo avaliar as contribuices funcionais das anormalidades gendmicas, visto
que a transcricdo desregulada presente nos canceres primarios humanos é conservada nas
linhagens celulares. A diversidade gendmica e biologica também pode ser utilizada para
identificar caracteristicas moleculares que podem predizer ou indicar a via de acdo de agentes
terapéuticos (NEVE et al., 2006). As linhagens celulares de carcinomas mamarios podem ser
derivadas de varias fontes, incluindo derrames pleurais (MDA.MB.231 e MCF-7), tumores de
mama primarios (SUM149 e SUM159), recorréncias de tumor priméario (SUM225), e nédulos
metastaticos xenoenxertados (SUM1315). A maior parte dos estudos realizados com linhagens
celulares de cancer de mama relatam a utilizacdo de 2 linhagens principais: MCF-7 e
MDA.MB.231 (LACROIX & LECLERCQ, 2004).

A popularidade da utilizacdo de células MCF-7 na pesquisa sobre cancer de mama se
deve a alta expressdo do receptor de estrogénio alfa (ER-a), assemelhando-se a maioria dos
canceres humanos invasivos (LEE et al., 2015). Enquanto os canceres de mama triplo-negativos
apresentam os piores prognasticos, 0s canceres que expressam o ER+ apresentam as melhores
taxas de sobrevivéncia, devido a sua resposta as terapias hormonais (DeSANTIS et al., 2016).
A terapia hormonal para cancer de mama avangou muito apds a descoberta do papel do
tamoxifeno, na década de 60, como potente tratamento para cancer de mama avancado em
mulheres p6s-menopausa (JORDAN, 2007). Além de terapia hormonal para as pacientes que

possuem receptores hormonais positivos (ER e PR), os médicos podem decidir por incluir
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regimes de quimioterapia adjuvante ao tratamento em casos de canceres precoces. Dentre essas
possibilidades, os regimes envolvendo docetaxel associado a ciclofosfamida tém se mostrado
como uma das escolhas razoaveis para pacientes de alto risco, considerando-se a toxicidade
causada (WAKS & WINER, 2019).

O docetaxel € um quimioterapico da familia dos taxanos, semi-sintetizado a partir de
um precursor taxoide inativo, a 10-diacetil bacatina 11, extraida da arvore da espécie Taxus
baccata, popularmente conhecida como teixo europeu. As estruturas moleculares determinantes
para a atividade do docetaxel sdo a cadeia lateral na posicdo C-13 e o sistema de anel taxana
(Figura 2) (ABAL et al., 2003; MONTERO et al., 2005).

Figura 2. Férmula quimica do docetaxel (Cs3sHs3sNO14). Fonte: PubChem.

O docetaxel atua se ligando a B-tubulina, interrompendo a dindmica dos microtubulos
no citoplasma. Os microtibulos estdo envolvidos nos movimentos celulares e nas mudancas
organizacionais que ocorrem durante o ciclo celular. Alterando a dindmica dessas estruturas, as
taxanas podem afetar a formagédo do fuso mitético, agindo sobre a segregacdo dos cromossomos
e realizacdo da mitose, levando ao dano do DNA e blogueando a progressao do ciclo celular.
Assim, o docetaxel pode causar a inibicdo da divisdo celular e, consequentemente, a
proliferacdo celular em tumores. Além destes efeitos, age sobre um grande nimero de vias que
levam & apoptose durante o tratamento (ABAL et al., 2003; HERNANDEZ-VARGAS et al.,
2007).

Na linhagem MCF-7, o docetaxel atua na morte celular por meio de duas maneiras: em

altas concentragdes, o farmaco induz parada na divis&o celular, seguida de apoptose. Em baixas
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concentragOes, 0 docetaxel ndo induz apoptose, mas sim a catastrofe mitotica, seguida de
necrose (HERNANDEZ-VARGAS et al., 2007). Tal evento ¢ caracterizado pela inducgio de
divisdo mitotica aberrante ou perda da segregacao dos cromossomos, seguida de divisdo celular.
Em volta dos cromossomos formam-se envelopes nucleares e mdaltiplos micronucleos,
comprometendo a viabilidade celular, distinguindo estas células morfologicamente de células
apoptdéticas (MORSE et al., 2005).

Clinicamente, o docetaxel foi aprovado para utilizacdo como terapia adjuvante em
pacientes com cancer de mama precoce e de alto risco. Porém, devido a toxicidade sistémica
cumulativa apresentada depois de terapias prolongadas e baseadas em altas doses, tem-se
buscado desenvolver novas terapias utilizando doses menores. O docetaxel é facilmente
acumulado nas células, porém tal acumulo ndo ocorre com a utilizacdo de baixas doses
(HERNANDEZ-VARGAS et al., 2007). Todavia, o uso combinado de docetaxel com outros
quimioterapicos aumenta o risco de efeitos colaterais. Como efeitos colaterais, uma
significativa proporgéo dos pacientes tratados com docetaxel apresentaram fadiga, dor muscular
e neutropenia febril. Embora raro, foi observado o desenvolvimento de tiflite em cerca de 1%
dos pacientes, uma inflamacao intestinal grave associada com a neutropenia, a qual pode ser
fatal (SIM et al., 2018). Assim, é preocupante a possivel acdo do quimioterapico sobre as
células envolvidas na imunidade do paciente em tratamento, podendo resultar no prejuizo de

suas fungdes contra canceres e micro-organismos.

1.2. O papel dos mondcitos na imunidade contra canceres

No processo de metastase, as células tumorais potencialmente imunogénicas podem ser
expostas as células envolvidas na imunidade, que poderdo reconhecé-las e tentardo restringir
sua instalacéo e crescimento em outros tecidos. Todavia, tal processo pode ser prejudicado pelo
desenvolvimento de mecanismos de escape da célula tumoral, evitando assim a a¢do do sistema
imunoldgico (KITAMURA et al., 2015). Dentre as células do sistema imune atuantes contra o
cancer, tem sido demonstrada a importante participacdo de mondcitos e/ou macrofagos e
linfécitos T no controle da angiogénese, metastase e invasdo tumoral (CHITTEZHATH et al.,
2014; SALMON et al., 2019).

Mondcitos constituem uma populacdo de leucocitos mononucleares que se desenvolvem
na medula 6ssea a partir de monoblastos e sdo liberados na corrente sanguinea, podendo
adentrar nos tecidos, nos quais suas caracteristicas e fungdes serdo determinadas de acordo com

0 microambiente (LEE et al., 2013). Mondcitos representam 10% dos leucocitos no sangue
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humano, estando presentes também em outros mamiferos, aves, anfibios e peixes. Tém
importante papel na manutencdo da homeostase, por removerem células apoptoticas e
componentes toxicos. Em mamiferos, mondcitos também representam o elo entre a defesa inata
contra micro-organismos e a resposta imune adaptativa (AUFFRAY et al., 2009).

Para o inicio de uma resposta imunologica, faz-se necessario o reconhecimento de
antigenos. Dentre os varios receptores expressos na superficie de mondcitos que podem
reconhecer padrdes moleculares associados a patogenos (PAMPs), damos destaque a dois deles:
os receptores TLR-2 e TLR-4. A estimulacéo de diferentes TLRs por componentes microbianos
induz ativacdo de diferentes fatores de transcricao e expressdo génica de citocinas, que podem
favorecer a imunidade inata, bem como comandar o direcionamento da imunidade antigeno-
especifica (AKIRA & TAKEDA, 2004).

TLR-2 é essencial para o reconhecimento de lipopeptideos de varios micro-organismos,
como bactérias Gram-positivas e Gram-negativas, micoplasma, micobactérias e espiroquetas
(TAKEDA et al., 2002). TLR-4 esta relacionado ao reconhecimento de LPS de bactérias Gram-
negativas. Além de componentes bacterianos, estes receptores também reconhecem
componentes presentes em fungos: TLR-2 ¢ responsavel pelo reconhecimento de B-glucana e
fosfolipomanana, e TLR-4 reconhece mananas (moléculas de superficie de fungos, como o
género Candida) (NETEA et al., 2008; KUMAR et al., 2009; BOURGEOIS & KUCHLER,
2012). Apds o reconhecimento de antigenos presentes na superficie de Candida albicans, ocorre
a producdo de citocinas pro-inflamatdrias que serdo importantes para a atuacdo da célula
fagocitica sobre o fungo (NETEA et al., 2015).

Como a ativacdo de receptores TLR resulta na ativacdo da via do NF-xB, a crénica
estimulacgdo destes receptores esta associada a inflamacao e desenvolvimento de alguns tumores
malignos. Polimorfismos genéticos desses receptores também estdo associados ao maior risco
de desenvolvimento de alguns tipos de canceres, e 0 bloqueio de sua ativacdo em alguns casos
de inflamacédo cronica pode apresentar beneficios terapéuticos contra o desenvolvimento de
canceres (CHOW et al., 2012; MOHME et al., 2017).

Ap0s o reconhecimento de antigenos, a ativacdo de linfécitos T depende da interagdo
entre moléculas coestimuladoras, como a associacdo entre CD28 e as moléculas da familia B7
(CD80 e CD86) (WOLK et al., 2000). Tais interaces sdo importantes para a ativagdo dos
linfécitos T, e a auséncia de moléculas B7 nas células apresentadoras de antigenos (APCs)
impede o reconhecimento adequado de antigenos pelo receptor de células T (TCR), levando a

anergia ou morte dos linfocitos. Estimulos relacionados ao CD80 podem levar a ativacdo de
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linfocitos Thl, favorecendo assim a resposta antitumoral. Por outro lado, estimulos associados
a CD86 levam a ativacdo da resposta Th2 (MATTERN et al., 1998; LAHAT et al., 2003).

Alguns farmacos utilizados no tratamento de cancer podem atuar sobre células e funcées
especificas do sistema imunoldgico, modulando sua atividade. Como exemplo, o taxol é capaz
de elevar a producgédo de IL-1p por monocitos humanos, a qual pode iniciar uma resposta
inflamatoria contra o tumor ou impedir sua vascularizagdo, restringindo seu crescimento, além
de aumentar a capacidade fagocitica em mondcitos/macrofagos (WHITE et al., 1998). Por outro
lado, a administracdo de quimioterapia também se apresenta como fator estressante para o
organismo, afetando a expressdo de moléculas importantes para a elaboracdo da resposta
imunolégica, como a expressdo da molécula HLA-DR na superficie celular, a qual € expressa
em células apresentadoras de antigenos (APCs), como células dendriticas, macréfagos e
monacitos, e cuja funcdo é apresentar os antigenos processados para células T CD4+ a fim de
iniciar a resposta imune especifica (PERRY et al., 2003). A diminuicao da expressdo de HLA-
DR pode estar associada ao aumento do risco de infecgfes hospitalares e morte em pacientes
imunodeprimidos e/ou submetidos a regimes quimioterapicos (DOCKE et al., 2005; KIM et
al., 2010; HOTCHKISS et al., 2013; HIGASHI et al., 2015).

Por serem células circulantes, os monocitos podem atuar como adversarios
imunologicos contra as células tumorais que se desvincularam do tecido tumoral, interferindo,
assim, no processo de metastase (MOHME et al., 2017). Tal comportamento pdde ser
observado em pacientes com diferentes canceres de mama, nos quais mondcitos foram
recrutados para os sitios de metéastase nos pulmdes onde produziram citocinas como TNF-a ¢
IFN-y e atrairam neutréfilos, atuando contra as células tumorais de mama que poderiam aderir
ao tecido pulmonar (HAGERLING et al., 2019).

Embora mondcitos participem da resposta imune antitumoral por meio da inducdo de
morte celular mediada por citocinas e do processo fagocitico, ha evidéncias de que mondcitos
e macrofagos também possam favorecer a progressao do tumor, contribuindo para metastase e
imunossupressao, pois expressam genes relacionados ao processo de angiogénese e invasdo
tecidual (QIAN et al., 2011; CHITTEZHATH et al., 2014; HUNG et al., 2018; OLINGY etal.,
2019).

Os estudos de Casseta et al (2019) e Ramos et al. (2020) demonstraram que 0s sitios
tumorais mamario e endometrial séo capazes de recrutar mondcitos circulantes, alterando seu
perfil transcricional de modo que estas células se diferenciem em macréfagos associados a
tumores (TAM). Mondcitos infiltrados no sitio tumoral podem expressar fatores que podem

favorecer ou dificultar a progressao tumoral, incluindo citocinas e quimiocinas. Dentre as
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citocinas liberadas, destacaremos TNF-a, IL-1, IL-6 e IL-10. A expressao de destas citocinas
tem sido relacionada ao aumento da invasdo tumoral e pior progndstico (GOLDBERG &
SCHWERTFEGER, 2010).

A literatura relata efeitos divergentes destas citocinas em estudos utilizando linhagens
celulares e modelos animais, bem como seus diferentes papeis nos processos de
imunovigilancia e escape tumoral (SALAZAR-ONFRAY et al., 2007). TNF-a pode aumentar
a expressdo de mediadores pro-tumorigénicos por células tumorais (MCF-7 e T47D), como
metaloproteinases de matriz (MMP2 e MMP9), assim como a liberacdo de quimiocinas que
atraem monocitos (BEN-BARUCH, 2003). Outros estudos indicaram que a acdo do TNF-a
pode variar entre essas linhagens tumorais, embora tanto MCF-7 quanto T47D sejam
responsivas a estrogénio. Em células MCF-7, o tratamento com TNF-o induziu apoptose,
enquanto que, em ceélulas T47D, promoveu proliferacdo celular (GOLDBERG &
SCHWERTFEGER, 2010). TNF-a também pode induzir a expressao de quimiocinas (CCL5 e
CCL2) em diferentes linhagens de carcinoma de mama, e niveis elevados de quimiocinas
podem recrutar células inflamatérias (como monadcitos), resultando num circulo vicioso de
infiltracdo continua e expressdo de fatores pro-malignos como citocinas inflamatorias (TNF-a,
e IL-6), fator de crescimento do endotélio vascular (VEGF) e enzimas de degradacdo da matriz
extracelular, como metaloproteinases de matriz. Tais produtos podem favorecer a angiogénese
e a perda da arquitetura do tecido, resultando na migracéo e invaséo celular, determinando um
papel-chave desses mondcitos infiltrantes na metastase do cancer de mama, favorecendo assim
a progressdo da doenca (BEN-BARUCH, 2003; ENGBLOM et al., 2016; CASSETTA et al.,
2019).

Em estudos in vivo, quando administrado diretamente sobre os tumores de
camundongos, TNF-a inibiu o crescimento do tumor e metastase. Assim, demonstrou-se que
altas doses de TNF-a podem apresentar potencial antitumorigénico, levando, contudo, a
toxicidade sistémica. Em seres humanos, o tratamento com perfusédo de TNF-a sobre sarcomas
em pernas e bragos e melanomas foi aprovado na Europa, resultando no efeito antitumoral pela
destruicdo da vasculatura que alimentava os tumores. Todavia, em amostras de cancer de mama
humana, elevadas concentragdes de TNF-a foram associadas a0 aumento de metastases nos
linfonodos e, consequentemente, a evolucdo do estadgio tumoral (AGGARWAL, 2003;
GOLDBERG & SCHWERTFEGER, 2010).

Além destes resultados, TNF-o também induz maior expressao e atividade de ABCG2
- transportador associado a resisténcia das células tumorais aos quimioterapicos. Tal efeito
também foi atribuido a presenca de IL-18 (GOLDBERG & SCHWERTFEGER, 2010).
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IL-13 ¢ uma citocina que também apresentou efeitos controversos em ensaios
biologicos. Esta citocina pode diminuir a proliferacdo de células endoteliais e inibir a
angiogénese (WHITE et al., 1998). Por outro lado, € uma citocina que tem sido encontrada em
tecidos de cancer de mama humanos, sendo expressa pelas células tumorais ou por células
associadas ao ambiente tumoral. A presenga de IL-1p, bem como de seu receptor soltvel (IL-
1R), pode atuar sobre a producdo de outras citocinas pro-tumorigénicas, como IL-8,
contribuindo para angiogénese, proliferacdo e invasdo. Todavia, as vias de sinalizacdo
associadas a familia IL-1 podem ser diferentes em células ER+ (MCF-7) e em células ER-
(MDA-MB231) (NICOLINI et al., 2006).

A producao elevada de IL-1p é frequentemente associada a progndsticos negativos em
pacientes com canceres de mama. Em ensaios in vitro, foi demonstrado que esta citocina esta
associada a migracdo de células MCF-7, ao agir sobre a fosforilacdo da proteina cinase de
adesdo focal (FAK) e expressdo de MMP-9. Também foi demonstrado que a elevada presenca
de IL-1B atrai células mieloides supressoras que sdo capazes de suprimir células T CD4+ e
CD8+, inibindo a resposta imune contra tumores (GOLDBERG & SCHWERTFEGER, 2010).

Outra citocina que possui atividades controversas sobre tumores é a IL-6. Em relacdo
aos mecanismos imunolégicos, a IL-6 se mostra necessaria na resposta contra patégenos, na
atracdo de leucdcitos para sitios inflamatérios, ativacdo e diferenciacdo de linfocitos T e
macrofagos, e para a producdo de proteinas inflamatodrias de fase aguda em resposta a leséo
tecidual. Pela inducdo da diferenciacdo de linfocitos T e do estimulo da citotoxicidade dessas
células, a IL-6 demonstra atividade antitumoral (NICOLINI et al., 2006). Porém, essa citocina
tem sido encontrada em altas concentragdes em amostras de cancer de mama, e acredita-se que
seja produzida por fibroblastos, macréfagos e linfocitos Th2 associados ao tumor. Sua presenca
tem sido associada a proliferacdo tumoral e resisténcia ao tratamento quimioenddcrino — aquele
com associagdo entre medicamentos quimioterapicos e agonistas hormonais. Uma das possiveis
vias de atuacdo da IL-6 consiste no aumento da producdo da enzima 17pB-hidroxiesteroide
desidrogenase tipo | (17p-HSD), responsavel por converter estrona (E1) a estradiol (E2) - forma
biologicamente ativa do estrogénio. Tal hormonio atua sobre as células tumorais responsivas a
estrogénio presentes no tecido mamario, induzindo sua proliferacdo (CONZE et al., 2001;
HONMA et al., 2002; NICOLINI et al., 2006; KNUPFER & PREIB, 2007; GOLDBERG &
SCHWERTFEGER, 2010). A IL-6 também pode aumentar a motilidade das células tumorais
por mecanismos possivelmente relacionados a diminuicdo de E-caderina e subsequente
diminuicdo da adesdo celular, favorecendo assim a invasividade de células MCF-7
(GOLDBERG & SCHWERTFEGER, 2010). Esta citocina também exerce seus efeitos por
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meio da ativacdo de vias de sinalizacdo (JAK/STAT e MAPkinase) resultando na regulacéo
transcricional de genes envolvidos na proliferacdo celular, sobrevivéncia e diferenciagéo
(NICOLINI et al., 2006).

As células tumorais também podem secretar IL-6, cujos niveis in vitro variam de acordo
com as caracteristicas moleculares das linhagens tumorais. Como exemplo, células ER- (MDA-
MB231) secretam mais IL-6 que células ER+ (MCF-7) (GOLDBERG & SCHWERTFEGER,
2010).

Tais contradi¢Ges sobre a atividade da IL-6 em canceres de mama séo respaldadas por
diversos trabalhos da literatura. Como revisto em KNUPFER & PREIB (2007), alguns
trabalhos realizados em amostras de tecido mamario ndo indicam associacéo entre IL-6 e cancer
de mama, engquanto outros indicam prognosticos positivos ou negativos. Esses dados precisam
ser interpretados com cautela, pois 0s resultados parecem ser opostos. Mas a maioria dos
trabalhos indicam que a maior concentracdo de IL-6 no soro de pacientes com cancer esta
associada a pior prognostico.

A acdo antitumoral das citocinas mencionadas foi demonstrada em ensaios in vitro.
Nesses ensaios, as citocinas atuaram sobre as células tumorais pela inibi¢éo do receptor para o
fator de crescimento IGF-1, que é altamente expresso em células MCF-7, e capaz de estimular
a sintese de DNA. TNF-a, IL-1P e IL-6 reduziram a capacidade de IGF-1 induzir a sintese de
DNA nestas células, impedindo sua entrada na fase S do ciclo celular, inibindo a proliferacdo
de células MCF-7. Também nesse trabalho, as citocinas ndo foram citotdxicas para as células
tumorais, mas 0 TNF-a induziu maior susceptibilidade & fragmentacdo do DNA (SHEN et al.,
2002; KNUPFER & PREIB, 2007).

Assim como as citocinas apresentadas acima, a IL-10 apresenta resultados conflitantes
guanto a sua atuacdo em pacientes oncoldgicos. Esta citocina pode ser produzida por leucdcitos
e pelas células tumorais, e sua presenca no soro de pacientes foi relacionada tanto a prognosticos
negativos para os estagios tardios da doenca, devido a sua agdo imunossupressora (KOVACS,
2010; LIPPITZ, 2013) quanto a prognosticos positivos em pacientes com canceres precoces,
devido & sua acdo anti-inflamatoria, que pode contribuir para a progressédo tumoral (AHMAD
etal., 2018).

As caracteristicas ambiguas das citocinas no microambiente tumoral demonstram que a
atuacdo de algumas células imunes, como 0s monacitos, sobre o sitio tumoral ainda nédo foi
totalmente decifrada, envolvendo varios fatores, como o estagio tumoral e 0 microambiente, e
os diversos mediadores que podem ser produzidos (ENGBLOM et al., 2016). Deste modo,

diferentes terapias utilizadas para o tratamento de canceres de mama podem atuar também sobre
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0 sistema imunoldgico, o que denota a importancia de novas pesquisas que possam contribuir
nesse contexto.

A atividade fagocitica de células do sistema imune é importante para a eliminacédo de
células tumorais e também para a resposta imune do hospedeiro, principalmente na resposta
contra agentes patogénicos, como bactérias e fungos, que podem ser causadores de infeccbes
oportunistas (FENG et al., 2019). A atividade fagocitica pode ser comprometida pela a¢do do
docetaxel sobre os microtibulos (TEOH & PAVELKA, 2016). Além deste efeito colateral
especifico, os tratamentos quimioterapicos também podem causar imunossupresséo,
acarretando diversas infeccbes oportunistas. Um dos agentes causadores de infeccOes
oportunistas em individuos imunossuprimidos é a Candida albicans, que pode levar a 6bito
mais de 30% de individuos imunocomprometidos (WISPLINGHOFF et al., 2004; NETEA et
al., 2008).

Em pacientes com céncer, a infeccdo por C. albicans é a mais comum. Esta espécie de
fungo é comensal da espécie humana e é uma das principais espécies que colonizam a pele, as
mucosas e 0s tratos gastrointestinal e urogenital. Pode causar infeccdes superficiais em
individuos saudaveis, porém, em individuos imunocomprometidos, pode se tornar letal. Tal
letalidade acontece por diferentes fatores, tais como a dificuldade em se estabelecer o
diagndstico da infeccdo, a resisténcia dos fungos ao tratamento, bem como a reducdo das
respostas imunes inata e adaptativa (TEOH & PAVELKA, 2016).

O estudo de Ahmadi e colaboradores (2019) realizado em camundongos indicou que 0s
mecanismos de escape induzidos pela infeccdo sistémica por C. albicans podem favorecer
também o crescimento do adenocarcinoma mamario. Estes mecanismos de escape estdo
relacionados a inducdo de maior producdo de IL-10 pelo hospedeiro, induzindo acdo anti-
inflamatoria. A infecgdo também reduz a producéo de IFN-y, responsavel pela resposta Thl, a
qual pode ser efetiva tanto contra a infeccdo patogénica quanto contra tumores. Deste modo, a
producdo das citocinas pro-inflamatérias TNF-a, IL-1B e IL-6 pelos mondcitos é uma
importante ferramenta imunologica contra a infec¢do por C. albicans, sendo importantes para
o0 recrutamento e ativacdo das células fagociticas (NETEA et al., 2015; TEOH & PAVELKA,
2016).

Fagdcitos sdo células altamente produtoras de espécies reativas do oxigénio (EROs),
que sdo importantes para a destruicdo de micro-organismos fagocitados. Todavia, a alta
producdo de EROs também est& envolvida com mecanismos internos de lesdo celular, podendo
levar a célula ao colapso de suas fungbes (BANERJEE et al., 2020). Muitas drogas

quimioterapicas sdo fortes indutoras de producdo de EROs por células e tecidos néo-
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neoplésicos, gerando estresse oxidativo nesses ambientes e aumentando a toxicidade colateral
desses medicamentos (CHEN et al., 2007; TABACZAR et al., 2012; BAS et al.; 2019). Em
macrofagos, a alta producdo de EROs pode direcionar para a diferenciacdo dessas células em
macrofagos associados a tumores de carater anti-inflamatorio e podem favorecer a progresséao
tumoral. Desse modo, o impedimento da producdo ou da acdo das EROs pode favorecer a
resposta imunolégica durante o tratamento contra os canceres (ZHANG et al., 2013).

Com o objetivo de potencializar os efeitos citotoxicos contra células tumorais e diminuir
o0 impacto exercido pelos agentes antitumorais sobre o sistema imunoldgico, diferentes estudos
tém investigado a administracdo concomitante de produtos naturais com quimioterapicos
(AMBROZ et al., 2016; OLIVEIRA et al., 2016). Como exemplo, a associagéo entre resveratrol
e curcumina potencializou o efeito da doxorrubicina sobre células de cancer de ovario, além de
atenuar o efeito cardiotoxico do quimioterapico (CARLSON et al., 2014). A curcumina também
promoveu melhora do efeito da cisplatina sobre células escamosas de carcinoma de cabeca e
pescoco (DUARTE et al., 2010).

Pesquisadores também tém avaliado a associagdo de diferentes produtos naturais como o
cha verde, a quercetina, o resveratrol, a melatonina e a capsaicina ao docetaxel sobre diferentes
linhagens celulares de canceres de mama e prdstata, indicando que a associacdo entre estes
produtos potencializou a a¢do antitumoral do quimioterapico (WANG et al., 2015; SINGH et
al., 2017; ALONSO-GONZALEZ et al., 2018; SANCHEZ et al., 2019).

1.3. Prépolis

Dentre os diversos produtos naturais estudados no tratamento do cancer, a propolis tem
sido considerada promissora. A prépolis € produzida a partir de exsudatos e resinas, de
diferentes fontes vegetais, coletados por abelhas africanizadas, além da adicdo de cera e
secrecdo de suas glandulas (BURDOCK, 1998). Este produto tem sido intensamente
investigado por nosso grupo de pesquisa, avaliando principalmente sua acdo imunomoduladora,
antitumoral e antimicrobiana (SFORCIN, 2007; SFORCIN & BANKOVA, 2011; SFORCIN,
2016; RIPARI et al., 2021). Diferentes amostras de propolis tém sido apontadas como agentes
citotoxicos in vitro e quimiopreventivos contra varios tipos de canceres in vivo (BANSKOTA
etal., 2001; ORSOLIC, 2010; SEDA VATANSEVER et al., 2010; WATANABE et al., 2011;
FRION-HERRERA et al., 2015; MORA et al., 2019).

Dados recentes demonstraram que a amostra de propolis utilizada por nosso grupo

exerceu agdo citotoxica in vitro sobre células A549 de cancer de pulméo, induzindo apoptose e
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diminuindo o potencial de membrana mitocondrial devido a superexpressdo de genes pro-
apoptoticos (Bax e Noxa) e reducéo do gene antiapoptético Bel-Xi. (FRION-HERRERA et al.,
2015). O mesmo extrato hidroalcoolico de propolis também exerceu atividade citotoxica sobre
células de carcinoma de laringe humana (HEp-2), induzindo parada no ciclo celular e apoptose
(SILVA et al., 2017).

Alguns trabalhos indicam que a propolis apresenta potencial em melhorar a acdo de
agentes antitumorais, provavelmente devido a um possivel efeito sinérgico. Tal potencial foi
demonstrado por nosso grupo, revelando que a associacdo de propolis com carboplatina foi
eficiente no controle da proliferacdo de células de osteossarcoma canino in vitro
(BERNARDINO et al., 2018). Em ensaios in vivo com ratas que desenvolveram cancer de
mama também foi observado a contribuicdo da propolis em potencializar a acdo do paclitaxel,
induzindo acdo antioxidante e protegendo o organismo de efeitos colaterais induzidos pela
terapia (PADMAVATHI et al., 2006).

Componentes isolados da propolis também podem exercer citotoxicidade in vitro. Como
demonstrado por Silva e colaboradores (2017), o acido cafeico também apresentou efeito
citotoxico contra a linhagem celular HEp-2. Um componente similar, o cafeato de feniletila
(CAPE) também apresentou atividade citotoxica contra células tumorais da linhagem MCF-7,
e sua associacao ao tamoxifeno potencializou o efeito deste quimioterapico (MOTAWI et al.,
2016).

Além disso, um produto das abelhas sem ferrdo — a geoprépolis — associado a diferentes
quimioterapicos (carboplatina, metotrexato e doxorrubicina) contra células HEp-2, também
apresentou resultados promissores, exercendo maior citotoxicidade sobre as células tumorais
em comparacdo a estes tratamentos isoladamente (BARTOLOMEU et al., 2016).
Adicionalmente a este trabalho, a atividade da combinacdo de geopropolis + doxorrubicina em
monocitos humanos foi avaliada por nosso grupo. Os dados obtidos demonstraram que a
combinacdo ndo foi citotdxica para mondcitos humanos, possuindo acdo imunomoduladora
sobre estas células. Além disso, a adicdo da geopropolis impediu a reducdo do potencial
microbicida e producdo de espécies reativas do oxigénio exercida pela doxorrubicina
(OLIVEIRA et al., 2019).

A propolis também apresenta atividade moduladora da resposta imune antitumoral.
Células natural killer (NK) de ratos tratados com propolis apresentaram maior atividade
citotoxica sobre células tumorais Yac-1 (SFORCIN et al., 2002). A prépolis estimulou também
a producdo de citocinas pré-inflamatorias por animais portadores de melanoma e que foram

submetidos a estresse cronico, favorecendo a ativacdo da resposta imune celular antitumoral
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(MISSIMA et al., 2009). Em camundongos com metastases originadas de carcinoma mamario,
a propolis e alguns de seus componentes (acido cafeico, CAPE e quercetina) atuaram sobre 0s
sitios metastaticos reduzindo o numero de nodulos, além de ativarem a producdo de espécies
reativas do oxigénio e IL-1pB por macréfagos, o que contribuiu para a agdo imunoldgica contra
o tumor (ORSOLIC et al., 2004). A administracdo de propolis iraniana para camundongos com
cancer de mama e candidiase disseminada demonstrou que o apiterapico atuou contra o tumor
e contra a infeccdo fangica por meio da producéo de TNF-a e IFN-y (KHOSRAVI et al., 2014).

Analisando seu efeito sobre células humanas envolvidas na imunidade como mondcitos
e células dendriticas, a propolis apresentou potencial modulador sobre os eventos iniciais da
resposta imune (BUFALO et al., 2014; CONTI et al., 2016; SANTIAGO et al., 2016;
SFORCIN, 2016). Muitas destas funcdes estdo diretamente relacionadas a seus componentes
fenolicos, dos quais destacam-se os acidos derivados do &cido cinamico: acido cafeico, acido
dihidrocinamico e p-cumarico (BUFALO et al., 2013; CONTI et al., 2013; CARDOSO et al.,
2017)

Assim, os dados obtidos por nosso grupo e por demais pesquisadores tém demonstrado
que a prépolis apresenta-se como um produto com propriedades antitumoral e
imunomoduladora, podendo ser utilizada em estudos que objetivam o desenvolvimento de
novas abordagens terapéuticas para o tratamento do cancer. Neste cenario, n0sso grupo também
tem investigado a acdo de combinagdes entre a propolis ou geopropolis e quimioterapicos sobre
linhagens tumorais. Além disso, temos investigado a acdo imunomoduladora destas
combinagbes sobre mondécitos humanos, que sdo células circulantes do sangue periférico e
expostas aos quimioterapicos, a fim de compreendermos a acdo da prépolis sobre células de
defesa expostas a quimioterapicos.
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2. Objetivos
2.1. Objetivo geral

O objetivo de nosso trabalho foi investigar a acdo da combinacéo entre prépolis (EEP)
e 0 quimioterapico docetaxel (DTX) sobre a linhagem celular MCF-7 e sobre mondcitos
humanos, visando desenvolver uma associacao que seja capaz de combater as células tumorais,
agindo citotoxicamente sobre essa linhagem tumoral e modulando o papel de mondcitos, sem

prejuizo das funcdes de células envolvidas na resposta imune.

2.2. Objetivos especificos

Neste trabalho, buscou-se investigar o efeito da combinacéo entre prépolis e docetaxel

(EEP+DTX) nos seguintes parametros:

v Viabilidade celular da linhagem de cancer de mama (MCF-7), pelo ensaio de
MTT.

v Determinacéo do tipo de morte celular (apoptose ou necrose) desencadeada pelo
tratamento com a combinagdo EEP+DTX sobre a linhagem tumoral MCF-7, por

citometria de fluxo.

v' Expressdo de marcadores celulares (TLR-2, TLR-4, HLA-DR e CD80), por
citometria de fluxo, a fim de verificar se a combinacdo EEP+DTX pode

influenciar o reconhecimento e apresentacdo de antigenos.

v Producdo de citocinas pro- e anti-inflamatdrias (TNF-a, IL-1f, IL-6 e IL-10) que
possuem papel na inibi¢do e/ou progressdo tumoral, por ensaio imunoenzimatico
(ELISA).

v/ Atividade fungicida de mondcitos contra Candida albicans, no intuito de
analisar se a combinagdo EEP+DTX pode afetar a atividade de mondcitos contra
um fungo presente na microbiota humana que, em individuos

imunossuprimidos, pode causar infec¢do oportunista.

v" Producdo de espécies reativas do oxigénio (EROs) por mondcitos, com o

objetivo de verificar o potencial antioxidante da combinacéo.
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v"Influéncia do sobrenadante da cultura de mondcitos tratados com a combinagédo
EEP+DTX sobre a viabilidade, migracéo e invasdo celular da linhagem tumoral
MCF-7. Com estes ensaios, verificamos como a associacdo EEP+DTX poderia

interferir na acdo dos monacitos sobre o microambiente tumoral.

Apdbs as referéncias bibliograficas, encontra-se redigido o manuscrito a ser submetido a
publicacdo junto a British Journal of Pharmacology, intitulado “Brazilian green propolis
improves docetaxel cytotoxic effects on breast cancer MCF-7 cells and exerts an

immunomodulatory action in women monocytes”.
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Abstract

Docetaxel (DTX) is one therapeutic approach against breast cancer, but it may exert side effects
like toxicity and immunosuppression. To reduce its adverse effects, the dual application of
medicines and natural products has been studied. Here we investigated the cytotoxic and
immunomodulatory effects of the ethanolic extract of propolis (EEP) in combination with DTX
on breast cancer MCF-7 cells and on women’s monocytes. The cytotoxic potential of
EEP+DTX was assessed by MTT assay and the type of tumor cell death was evaluated by flow
cytometry. The effects of EEP, DTX and EEP+DTX on the migration and invasion of MCF-7
cells were observed. Cytokine production by monocytes was assessed by ELISA; and the
expression of cell surface markers was verified by flow cytometry. We also investigated the
fungicidal activity of monocytes against Candida albicans and reactive oxygen species (ROS)
generation. Finally, the impact of the supernatants of treated monocytes in the viability,

migration and invasiveness of tumor cells was assessed. EEP (25 pg/mL) + DTX (10 nM)
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enhanced the cytotoxicity of DTX alone against MCF-7 cells by inducing necrosis and
inhibiting their migratory ability. EEP+DTX were safe to monocytes and stimulated HLA-DR
expression, TNF-o and IL-6 production, exerted an immunorestorative action in the fungicidal
activity and reduced the oxidative stress. This is a new and relevant finding that deserves further
investigation due to its practical implication, proposing a new therapeutic approach for
oncological patients in Complementary and Alternative Medicine.

Keywords: propolis, docetaxel, breast cancer, immunomodulation

1. Introduction

Docetaxel (DTX) is commonly used against different cancer types such as prostate,
breast and small cell lung cancer. It is derived from taxanes synthetized from a 10-deacetyl
baccatin 111, extracted from the leaves of the European yew Taxus baccata (Montero et al.,
2005). DTX is a B-tubulin ligand and acts by interrupting the dynamics of microtubules,
damaging chromosome segregation and blocking cell cycle progression. Chemotherapy may
also affect several pathways leading to apoptosis of tumor cells (Hernandez-Vargas et al.,
2007). However, the continuous use of high-dose DTX may cause several side effects including
fatigue, neutropenia, and muscle ache (Sim et al., 2018). Due to its effect on microtubules, DTX
may also harm the phagocytic activity of neutrophils and monocytes (Teoh & Pavelka, 2016).

During tumor development, some cells may be exposed to monocytes, macrophages,
and lymphocytes, which may recognize and restrain tumor cell growth. Monocytes are found
in the blood and act against tumor cells that have escaped from primary tumor tissue, inhibiting
their metastatic dissemination (Mohme et al., 2017). In patients with breast cancer, monocytes
are recruited to metastasis sites where they produce TNF-a and IFN-y and attract neutrophils,
acting against tumor cells, which may adhere to the lung tissue (Hagerling et al., 2019).
Although monocytes kill tumor cells by producing cytokines and exerting phagocytosis, they
may also favor tumor progression by expressing genes related to angiogenesis and tissue
invasion (Hung et al., 2018).

A range of natural products has been investigated simultaneously with chemotherapy in
order to increase its antitumor action and diminish side effects (Oliveira Junior et al., 2018).
Resveratrol and curcumin potentiated doxorubicin effects against ovarian cancer cells in vitro

(Carlson et al., 2014). The effects of green tea, quercetin, melatonin and capsaicin combined to
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DTX were also assessed on prostate and breast cancer cell lineages, increasing the antitumor
potential of DTX (Wang et al., 2015; Singh et al., 2017; Alonso-Gonzalez et al., 2018; Sanchez
etal., 2019).

Among natural products assayed for cancer treatment, propolis has stood out as a
promising candidate. Propolis is made by honeybees after collecting exudates and resins from
different botanical sources and has been investigated due to its pharmacological properties,
exhibiting antitumoral and immunomodulatory action (Sforcin, 2016). The ethanolic extract
propolis (EEP) exerted a cytotoxic activity against lung cancer A549 cells and laryngeal
epidermoid carcinoma HEp-2 cells by inducing apoptosis (Frién-Herrera et al., 2015; Silva et
al., 2017). Propolis also enhanced the action of antitumor agents such as carboplatin against
canine osteosarcoma in vitro (Bernardino et al., 2018), and paclitaxel against breast tumor in
rats (Padmavathi et al., 2006). In addition, EEP displayed an immunomodulatory action in
monocytes and dendritic cells, stimulating the initial steps of the immune response (Bufalo et
al., 2014; Conti et al., 2016; Santiago et al., 2016; Sforcin, 2016). These effects seemed to be
related to phenolic compounds, mainly the derivatives of cinnamic acid, such as caffeic,
dihydrocinnamic and p-coumaric acid (Conti et al., 2013; Cardoso et al., 2017).

The aim of the present study was to investigate the effects of EEP in combination with
reduced concentrations of DTX against a breast tumor cell lineage (MCF-7) to determine
whether this treatment could improve the cytotoxic action of DTX. Since chemotherapy is
systemically distributed and monocytes are circulating cells, the most efficient combination of
EEP+DTX against MCF-7 cells was also assessed in monocytes obtained from women

peripheral blood, to observe possible cell function changes.

Material and Methods
Ethanolic extract of propolis (EEP)

The hydroalcoholic extract of Brazilian propolis was prepared after grinding 30 g of
propolis, adding 70% ethanol to obtain 100 mL. EEP was kept at room temperature in the dark
and with moderate shaking. After 7 days, the extract was filtered and the dry weight was
calculated (110 mg/mL). For each assay, the extract was diluted in DMEM or RPMI 1640
culture medium (Cultilab, Brazil) containing L-glutamine (0.1 g/L), sodium bicarbonate (2.2
g/L), non-essential amino acids (10 mL/L) and supplemented with 10% fetal bovine serum
(FBS) (complete DMEM or RPMI). For the assays with MCF-7 cells, the following
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concentrations of EEP were used: 25; 50; 75 and 100 ug/mL, and for the immunological assays
with monocytes, we used EEP 25 ug/mL (according to the most efficient cytotoxic action
against MCF-7 cells in combination with DTX).

Docetaxel and combinations with EEP

DTX solution (IMA Laboratory, Argentina) containing water and 13% ethanol was
diluted in phosphate-buffered saline (PBS) 1000 nM and maintained at -20°C. This stock
solution was diluted for the MCF-7 cell viability assay to obtain 1; 2.5; 5; 10; 25; 50; 75 and
100 nM.

To obtain the combinations EEP+DTX, the concentrations of propolis (25, 50, 75 and
100 pg/mL) were mixed with the lower concentrations of DTX that affected MCF-7 cell
viability: 5, 10 and 25 nM.

MCEF-7 cell culture

MCF-7 cells were obtained from the Tissue Culture Shared Resource (TCSR) at the
Lombardi Comprehensive Cancer Center, Georgetown University, Washington DC. Cells were
grown in Dulbecco Modified Eagle Medium (DMEM - Cultilab, Brazil) with 10% FBS,
streptomycin (100 ug/mL) and penicillin (100 U/mL),and cultivated at 37°C and 5% CO.. After
growth, cells were detached using 0.2% trypsin in 5% EDTA and counted (2 x 10° cells/mL).
Then, 100 pL of cell suspension was added on 96-well plates and incubated for 24 h for
adherence. Thereafter, supernatants were removed and EEP, DTX and their combinations were
added at the concentrations described above and the plates were incubated for 24, 48 and 72 h
for the viability assay. As control, cells were treated only with DMEM medium with FBS or

with the highest concentration of 70% ethanol (propolis solvent) used in the assays (0,013%).

Monocyte culture

Blood was obtained from 10 healthy female donors aged 18-50 years, non-smokers, who
did not consume alcohol 24 h before blood collection nor anti-inflammatory drugs the previous
week.

Blood samples were heparinized and centrifuged in Ficoll-Paque (GE Healthcare Bio-
Sciences, Sweden — density = 1.077) to obtain the peripheral blood mononuclear cells (PMBC).

Monocytes were isolated using magnetic-activated cell sorting (Miltenyi Biotec Inc, USA).
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Viable cells were counted using 0.2% Trypan blue staining and resuspended to a final
concentration of 1 x 10° monocytes/mL in complete RPMI. The cells were treated with EEP
(25 pg/mL), DTX (10 nM) and the combination of EEP+DTX for 24 h. Lipopolysaccharide
(LPS, 5 ug/mL) was used as a positive control.

This study was approved by the Ethics Committee of the Botucatu Medical School,
UNESP (CAAE 68218117.4.0000.5411).

Assessment of cell viability

Cell  viability = was assessed using the  3-(4,5-dimethyl-thiazol-2-yl)-
2,5diphenyltetrazolium bromide (Sigma-Aldrich Corporation, USA) MTT assay.

After incubation of MCF-7 cells or monocytes with the stimuli (EEP, DTX and their
combinations), supernatants were removed and 100 uL. of MTT (1 mg/mL) in complete medium
was added to the cell cultures for 3 h. Then, MTT was removed and dimethyl sulfoxide (Sigma-
Aldrich Corporation, USA) was added to dissolve the formazan salt. Absorbances were read at
540 nm and the optical density (O.D.) was used to obtain the percentages (%) of cell viability:

% cell viability = (O.D. treated cells / O.D. control) x 100.

MCF-7 cell death type by annexin V-FITC and propidium iodide (AV/PI) staining

To determine the type of cell death (apoptosis or necrosis), the FITC Annexin V
Apoptosis Detection Kit | (BD Biosciences, USA) was used according to manufacturers’
guidelines. MCF-7 cells (1 x 10° cells) were seeded on 24-well plates and incubated for 24 h
adherence. After, cells were treated with EEP (25 pg/mL), DTX (10 nM) and the combination
EEP+DTX that demonstrated a higher cytotoxic action than DTX itself. After 24 h, cells were
trypsinized and centrifuged (300 g for 10 min). Cell pellet was washed twice with PBS and
incubated with annexin V and propidium iodide (PI) for 15 min in the dark at room temperature.
Cells were analyzed by flow cytometer FACSCanto Il (BD Biosciences, USA) and data was
analyzed using the FlowJo software (BD Biosciences, USA). The percentages of apoptotic
(AV+/PI-), necrotic (AV+/Pl+ or AV-/Pl+) and live cells (AV-/PI-) were determined.

Migration and invasion assay: effects of EEP, DTX, EEP+DTX and supernatants of

treated monocytes on MCF-7 cells
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First, to observe the effects of EEP and DTX directly on tumor cells migratory behavior,
MCF-7 cells (1 x 10° cells) were platted in the upper chambers of 24-wells ThinCert cell culture
inserts with pores (8.0 um size) (Greiner Bio-One, Austria).

For the invasion assay, the inserts were covered with Geltrex (Gibco, USA). The cells
were treated with EEP, DTX and EEP+DTX diluted in a serum free RPMI 1640 medium.

The same procedure was carried out to evaluate the effects of monocytes on the
migratory and invasive ability of tumor cells, using the supernatants collected from monocyte
cultures treated with EEP, DTX and their combination for 24 h. RPMI medium supplemented
with 20% FBS was added in the lower well as a chemoattractant factor and the cultures were
incubated for 24 h at 37°C and 5% CO>. Then, the cells in the upper chamber were removed
with a cotton swab, and the cells that migrated to the lower surface of the inserts were fixed in
methanol for 10 min and stained with violet crystal for a further 10 min. The migrated cells
were photographed with a 200x objective in an inverted microscope (Zeiss, Germany). Four
non-overlapped images were randomly analyzed for each well and the migrated cells were

manually counted.

Cell markers expression

The expression of HLA-DR, CD80, TLR-2 and TLR-4 by monocytes was analyzed
using a FACSCanto Il flow cytometer (Becton Dickinson, USA).

After treatments with EEP, DTX and their combination for 24 h, monocytes were
incubated with the following monoclonal antibodies (Biolegend, USA): anti-CD14-PercP-
Cy5.5 (clone M5E2), anti-HLA-DR-FITC (clone L243), anti-CD80-PE (clone 2D10), anti-
TLR-2-FITC (clone TLR2.1) and anti-TLR-4-PE (clone HTA125). Monocytes were stained
and incubated at 4°C for 30 min at dark. After washing with isoton, cells were fixed with 5%
p-formaldehyde in isoton.

Thirty thousand events were analyzed using the CellQuest Software (USA) and FlowJo
vX0.7 (Becton Dickinson, USA). For each test, an autofluorescent tube, a monomarked control
and FMO (Fluorescence Minus One) control were included. Gate strategy was based on size
(FSC) and granularity (SSC), followed by doublets exclusion and determination of the CD14+
population. Data was presented as a percentage of cells that expressed the markers in the gated

CD14-positive cells.

Cytokine production
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After monocyte incubation with the stimuli for 24 h, supernatants of cell cultures were
collected and used to determine IL-1B, TNF-a (R&D Systems, USA), IL-6 and IL-10
(Biolegend, USA) production by enzyme-linked immunosorbent assay (ELISA), according to
manufacturers’ instructions.

Capture antibodies specific to each cytokine were added to 96-well flat-bottom plates
Nunc MaxiSorp (Nunc/Apogent, Thermo Fisher Scientific, USA). After overnight incubation,
the plates were washed with PBS+Tween 20 (0,05%) and blocked with bovine serum albumin.
Supernatants were added to the plates (100 uL) for 2 h and, after washing, detection antibodies
were added. Further washing, streptoavidin and the substrate were added, and the absorbances
were determined at 450 nm.

Candidacidal activity of monocytes

After treatments with EEP, DTX and their combination for 24 h, monocytes were
challenged with Candida albicans (SC 5314), containing 5 x 10° yeasts/mL in complete RPMI
medium (ratio monocyte/yeast = 1:5). After 2 h at 37°C, supernatants were harvested and wells
were washed with sterile distilled water to disrupt the monocyte membrane, releasing the yeasts
due to possible phagocytosis. A volume of 10 mL was obtained for each well after washing.
Twenty microliters from this volume were pipetted and plated in Sabouraud agar (Difco
Laboratories, USA) in duplicate and plates were incubated at 35°C. After 24 h, colony-forming
units (CFU) in the plates containing monocyte-yeast cocultures (experimental plates) were
counted, and plates containing only yeasts were considered as the control (100%). The
percentage of candidacidal activity was determined by the formula:

[1 — (mean CFU of experimental plates / mean CFU of control plates)] x 100.

Intracellular formation of reactive oxygen species (ROS) by monocytes

To determine the effects of the stimuli on ROS generation by monocytes, the
dichlorofluorescein (DCFH-DA) detection assay was performed. Monocytes (1 x 108 cells/mL)
were plated and treated for 24 h. After this period, phorbol myristate acetate (PMA - 5.3 mM)
was added for 20 minutes. Culture supernatants were removed and cells were washed with PBS
and centrifuged. Cells were incubated with DCFH-DA (0.5 pM) for 45 minutes at 37°C. Finally,
cells were washed, centrifuged, resuspended in isoton and marked with anti-CD14-PercP-Cy5.5
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antibody (clone M5E?2) for 30 min at 4°C. After washing, the cell pellet was resuspended in
isoton.

DCF fluorescence intensity was analyzed using the FACSCanto Il (Becton Dickinson,
San Jose, CA, USA) flow cytometer at 480 nm excitation wavelength and fluorescence
emission was measured in FL-1 channel at 530 nm. Twenty thousand events were recorded for
each analysis. Gate strategy was based on size (FSC) and granularity (SSC), followed by
doublets exclusion and determination of the CD14+ population. Data was presented as median

of fluorescence intensity obtained in the gated CD14-positive cells.

Effect of monocyte supernatants on MCF-7 cells

To observe a possible impact of mediators produced by monocytes incubated with EEP,
DTX, EEP+DTX, LPS and medium alone (control), the supernatants of monocyte cultures were
taken after 24 h and incubated with MCF-7 cells for 24, 48 and 72 h. RPMI was used as the
control of viable MCF-7 cells. Cell viability was assessed by MTT assay as described above.

Statistical analysis

Poisson and Gamma Distribution test were used for nonparametric variables. For
parametric variables, Analysis of Variance (ANOVA) and Dunnett’s test (P < 0.05) were used.
Data was analyzed using SAS for Windows, 9.2 version, and GraphPad Prism 5 (GraphPad San
Diego, USA).

Results

EEP enhanced DTX cytotoxicity on MCF-7 cells without affecting monocyte viability

Although the assays were performed after 24, 48 and 72 h, the effects of the treatments
were more prominent after 48 h in MCF-7 cells and are shown below.

DTX reduced by 56% the viability of MCF-7 cells after 48 h in a concentration-
dependent manner (Figure 1A). Graphics illustrating 24 and 72 h are presented in the

supplementary file.
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MCEF-7 cells were resistant to EEP action after 24 and 48 h (Figure 1B) and a cytotoxic
action was seen only after 72 h (supplementary file). However, EEP (25 pug/mL) in combination
with DTX (10 nM) exerted a higher cytotoxic effect on MCF-7 cells than DTX alone (Figure
1C). Thus, these concentrations were used in combination in the next assays because they also
exerted a more efficient effect in the growth curve assay than DTX alone compared to the other
combinations (data not shown).

To assess the effects of EEP+DTX on monocyte viability, cells were incubated for 24
and 48 h with the stimuli. However, we evaluated monocyte functions only after 24 h, because
this period may accommodate the time lag between the addition of the variables and cell
response in vitro. EEP, DTX and their combination did not affect monocyte viability after 24 h

(figure 1D) nor after 48 h (supplementary file).
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Figure 1. Viability (%) of MCF-7 cells treated with docetaxel (DTX —1, 2.5, 5, 10, 25, 50, 75 and 100
nM) (A); propolis (EEP — 25, 50, 75 and 100 pg/mL) (B); the combination DTX (10 nM) and EEP (25
—100 pg/mL) (C) for 48 h. Assays were performed three times in triplicate. After MCF-7 cell viability
assay, monocytes were treated with EEP (25 pg/mL), DTX (10 nM), EEP (25 pg/mL) + DTX (10 nM),
and LPS (5 pg/mL) for 24 h. Monocytes were obtained from female donors (n = 10). Data represent
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mean and standard deviation. Significantly different from control: ** (P < 0.01); *** (P < 0.001).
Significantly different from DTX: * (P < 0.05); ** (P < 0.01).

EEP+DTX induced necrosis in MCF-7 cells

Since EEP+DTX reduced MCF-7 cell viability after 48 h, we classified the type of cell
death only after 24 h because of the elevated percentage of dead cells after 48 h. A low
percentage of apoptotic and necrotic cells was seen after 24 h, predominantly necrosis rather
than apoptosis (Figure 2).

—

(=]

(=]
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Hl Live
Apoptosis
3 Mecrosis

Percentage of MCF-7 cells (%)

Figure 2. Percentage (%) of MCF-7 cells in apoptosis and necrosis after treatment with propolis (EEP
— 25 pg/mL), docetaxel (DTX — 10 nM) and the combination EEP (25 pg/mL) + DTX (10 nM) for 24
h. Assays were performed three times in triplicates. Data represent mean and standard deviation.
Significantly different from live cells: *** (P < 0.001). Significantly different from apoptosis: * (P <
0.05).

EEP+DTX impaired MCF-7 cells migration and invasiveness

DTX alone or in combination with EEP impaired the migration of breast cancer MCF-
7 cells (Figure 3A). EEP did not affect the migratory ability of these cells. None of the
treatments affected the invasiveness of MCF-7 cells (Figure 3B).



293

294
295
296
297

298
299

300
301
302
303

304

47

(A) (B)
180- 180
32 150- ++ R 150-
h; =
L i w120
5 120 ) 5
"'5 904 *EHE '16 90+
S 60 & 60
™ n
= S 30
g 304 Z 30
0- 0-
> Q + + N Q + +
Q
& & & $ &° & & S
¢ Q < Q
& &

Figure 3. Percentage (%) of migration (A) and invasion (B) of MCF-7 cells treated with EEP (25
pg/mL), DTX (10 nM) and EEP (25 pg/mL) + DTX (10 nM) for 24 h. Assays were performed three
times in triplicates Data represent mean and standard deviation. Significantly different from control: *
(P <0.05); *** (P < 0.001). Significantly different from DTX: ** (P < 0.001).

EEP+DTX enhanced HLA-DR+ monocytes and diminished CD80+ percentage

EEP alone and in combination with DTX stimulated HLA-DR expression in women
monocytes (Figure 4A) and slightly decreased the percentage of CD80+ monocytes (Figure
4B). Treatments did not alter TLR-2 and TLR-4 expression compared to DTX alone (Figure
4C and 4D).
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Figure 4. Percentage (%) of monocytes expressing HLA-DR (A), CD80 (B), TLR-2 (C) and TLR-4 (D)
after treatment with propolis (EEP — 25 pg/mL), docetaxel (DTX — 10 nM), combination EEP (25
pug/mL) + DTX (10 nM), and LPS (5 pg/mL) for 24 h. Monocytes were obtained from female donors (n
= 10). Data represent mean and standard deviation. Significantly different from control: ** (P < 0.01);
*** (P <0.001). Significantly different from DTX: * (P < 0.05); ** (P < 0.01); *** (P < 0.001).

Cytokine production by monocytes

EEP and DTX did not affect the production of IL-1p and IL-10 by monocytes after 24
h (Figure 5A and 5D). EEP+DTX nonsignificantly stimulated TNF-o production (Figure 5B).

EEP alone and in combination with DTX increased IL-6 production by these cells (Figure 5C).
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Figure 5. IL-1B (A), TNF-a (B), IL-6 (C) and IL-10 (D) production (pg/mL) by monocytes after
treatment with propolis (EEP — 25 pg/mL), docetaxel (DTX — 10 nM), combination EEP (25 pg/mL) +
DTX (10 nM), and LPS (5 pug/mL) for 24 h. Monocytes were obtained from female donors (n = 10).
Data represent mean and standard deviation. Significantly different from control: * (P < 0.05); *** (P <
0.001). Significantly different from DTX: * (P < 0.05); *** (P < 0.001).

EEP restored the candidacidal activity of monocytes inhibited by DTX

EEP and DTX reduced the candidacidal activity of monocytes. However, their
combination restored it to baseline levels similar to control (Figure 6). It is worth noting that
the results presented an elevated standard deviation, indicating a high variability of cells

obtained from different female donors.
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Mg/mL), docetaxel (DTX — 10 nM) and EEP (25 pg/mL) + DTX (10 nM) for 24 h. Monocytes were
obtained from female donors (n = 10). Data represent mean and standard deviation. Significantly
different from control: * (P < 0.05); ** (P < 0.01). Significantly different from DTX: * (P < 0.05).

EEP and EEP+DTX reduced ROS generation by monocytes

DCFH-DA acts by crossing the cell membrane and is deacetylated by esterases,
resulting in the compound DCFH that is oxidized by ROS producing a fluorescent form: DCF.
The fluorescence emission determines the rate of ROS produced by monocytes.

In our assays, EEP and EEP+DTX reduced the median fluorescence intensity of DCF,

indicating that the stimuli inhibited ROS generation by monocytes (Figure 7).
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Figure 7. DCF relative median fluorescence intensity of monocytes after treatment with propolis (EEP
— 25 pg/mL), docetaxel (DTX — 10 nM), EEP (25 pg/mL) + DTX (10 nM), and LPS (5 pg/mL) for 24
h. UC corresponds to unstained control. Monocytes were obtained from female donors (n = 10). Data
represent mean and standard deviation. Significantly different from control: * (P < 0.05); ** (P < 0.01).
Significantly different from DTX: * (P < 0.05).

Supernatants of monocytes treated with EEP+DTX had no effects on MCF-7 cell viability

The supernatants obtained from monocytes treated with the stimuli could contain several
mediators able to affect the viability and growth of tumor cells. Here, EEP alone and in
combination with DTX did not exert any effect on MCF-7 cell viability. Only the supernatants
from cultures treated with DTX and LPS diminished the viability of tumor cells (Figure 8).
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Figure 8. Viability (%) of MCF-7 cells after incubation with supernatants (s) obtained from monocytes
incubated with EEP (25 pg/mL), DTX (10 nM), EEP (25 pug/mL) + DTX (10 nM), LPS (5 pg/mL) and
medium alone (control) for 24, 48 and 72 h. RPMI was used as control of viable MCF-7 cells. Assays
were performed three times in triplicates. Monocytes were obtained from female donors (n = 10). Data
represent mean and standard deviation. Significantly different from RPMI: * (P < 0.05); ** (P < 0.01).
Significantly different from DTX: * (P < 0.05).

Effect of the supernatants from monocytes treated with EEP+DTX on the migratory and

invasive capacity of MCF-7 cells

While EEP+DTX directly decreased MCF-7 cell migration, on the other hand, the
supernatant from monocytes treated with EEP+DTX seemed to induce the migratory and

invasive potential of breast tumor cells (Figure 9).
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Figure 9. Percentage (%) of migration (A) and invasion (B) of MCF-7 cells treated with supernatants
(s) from monocytes cultured DTX (10 nM), EEP (25 pg/mL), DTX (10 nM) + EEP (25 pg/mL), and
LPS (5 pug/mL) for 24 h. Assays were performed three times in triplicate. Monocytes were obtained
from female donors (n = 10). Data represent mean and standard deviation. Significantly different from
Control: * (P < 0.05); ** (P <0.01); *** (P < 0.001). Significantly different from DTX: * (P < 0.05).

Discussion

Docetaxel is a well-known chemotherapeutic drug employed against breast cancer
(Montero et al., 2005). In our study, DTX exerted a cytotoxic action against MCF-7 cells, what
is in agreement with Morse et al. (2005). Hernandez-Vargas et al. (2007) observed that DTX
may act in this cell lineage according to its concentration: concentrations lower than 10 nM
induced necrosis, while 100 nM induced cell cycle arrest on G2/M phase, leading to apoptosis.
To verify the type of cell death after treatment with DTX, EEP or their combination, MCF-7
cells were incubated for 24 h with the stimuli and a low percentage of apoptosis or necrosis was
observed in EEP- and DTX-treated cells. The combination EEP+DTX induced a more
prominent necrosis than apoptosis.

Brazilian green propolis exhibits a cytotoxic activity against several cancer lineages
(Sforcin, 2016). Here, EEP affected the viability of MCF-7 cells using concentrations higher
than 50 pug/mL after 72 h (supplementary data). These cells were more resistant to propolis
action than canine osteosarcoma and laryngeal epidermoid carcinoma HEp-2 cells (Cinegaglia
et al., 2013; Silva et al., 2017). Lower concentrations (<20 pg/mL) of Brazilian green propolis
did not affect MCF-7 cells (Kamiya et al., 2012). Propolis samples from different countries also
showed a cytotoxic action against MCF-7 cells: Chinese propolis - 25-200 pg/mL after 24 and
48 h (Xuan et al, 2014); Indian propolis - 100 and 250 pg/mL after 24 h (Choudhari et al.,
2013), and Turkish propolis at concentrations higher than 63 pg/mL after 24 h (Seda Vatansever
etal., 2010). These findings demonstrated that MCF-7 cells are not easily destroyed by propolis
samples; moreover, propolis from different geographic regions present distinct chemical
compounds, which are responsible for their diverse pharmacological activity.

Mankind has used natural products for treating several diseases for centuries. More
recently, some countries have adopted Complementary and Alternative Medicine including the
use of natural products concomitantly with conventional medicine. This approach could be
beneficial for cancer patients, favoring the pharmacokinetics of some drugs, preventing tumor
cell resistance to chemotherapy and minimizing side effects (Tsai et al., 2017). Therefore, the
interaction of natural products with reduced concentrations of chemotherapeutic drugs should
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be investigated not only to avoid adverse effects but also to observe a possible antagonistic
effect. Accordingly, our group has previously investigated the combination of bee products with
different drugs. Geopropolis produced by stingless bees improved the effects of doxorubicin
against HEp-2 cells (Bartolomeu et al., 2016). Propolis made by honeybees enhanced the
cytotoxic effect of carboplatin against canine osteosarcoma cells (Bernardino et al., 2018). In
our study, EEP improved DTX cytotoxic effects against MCF-7 cells.

Regarding the cytotoxic activity of EEP+DTX against MCF-7 cells, our data revealed
that the best combination was EEP (25 pg/mL) + DTX (10 nM). This combination induced cell
death by necrosis; moreover, EEP+DTX inhibited the migration of MCF-7 cells. This may be
a probable effect of DTX in the dynamics of microtubules responsible for cell movement during
migration (Teoh & Pavelka, 2016).

In continuity, we investigated the effects of EEP+DTX on women monocytes. These
cells recognize and present antigens to T lymphocytes to activate adaptive immunity, and attack
tumor cells due to phagocytosis and by producing cytokines and ROS. Many studies have
demonstrated that DTX reduces the number of neutrophils and lymphocytes and increases
eosinophils in cancer patients (Tong et al., 2000; Tsavaris et al., 2002; Hamdan et al., 2019).
DTX caused lymphopenia in mice with prostate cancer, what was prevented by treating the
animals with the mushroom extract of Trametes versicolor (Wenner et al., 2012). In our assays,
neither DTX nor EEP exerted a cytotoxic action in monocytes. This is an interesting finding,
revealing a differential effect of EEP+DTX on tumor (MCF-7) cells but not on immune
(monocyte) cells.

Regarding monocyte functions, DTX did not affect the expression of TLR-2 and TLR-
4, which are important for microbial antigen recognition. DTX did not affect HLA-DR
expression, what is in accordance with previous work assessing dendritic cells (Nakashima et
al., 2005) and macrophages (Millrud et al., 2018). This molecule is a fundamental key for
antigen presentation by monocytes and its reduction is associated to an increased risk of
nosocomial infections and a lower survival of patients undergoing chemotherapy (Kim et al.,
2010; Hotchkiss et al., 2013; Higashi et al., 2015).

On the other hand, EEP and EEP+DTX upregulated HLA-DR expression by monocytes,
indicating a positive effect of propolis favoring antigen presentation. However, EEP+DTX
reduced CD80 expression, which is a co-stimulatory molecule required for T cell activation.
The impaired interaction between CD80 and CD28 may lead lymphocytes to anergy or death,
while the proper binding supports the activation of the Th1 profile, contributing to the antitumor
immune response (Wolk et al., 2000; Mattern et al., 1998; Lahat et al., 2003). EEP enhanced
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CD80 expression induced by Escherichia coli enterotoxin B in human monocytes (Conte et al.,
2021), what suggested that the effects of EEP+DTX on CD80 expression was due to DTX.
Additionally, this effect may also be due to the chemical composition of propolis, since another
Brazilian sample — the red propolis — had an opposite effect on murine macrophages, inducing
CDB80 gene expression (Bueno-Silva et al., 2015).

As for cytokine production by monocytes, treatments did not seem to affect IL-1.
Although EEP+DTX induced TNF-a production, this increase was not statistically significant.
This fact is biologically important and deserves attention, since the combination was able to
increase the levels of this pro-inflammatory cytokine, which may induce apoptosis and impair
the proliferation of tumor cells in vitro (Esquivel-Veladzquez et al., 2015). Importantly, it is
worth mentioning that assays involving human individuals also present a high variability,
making it difficult to understand the real meaning of some biological effects.

Regarding DTX effects, similar findings were reported by Elsea et al. (2008) and Mahon
et al. (2015) assessing IL-1B production by murine RAW 264.7 macrophages and U937
monocytes co-cultured with prostatic tumor cells. Our data is also in agreement with Manthey
et al. (1993) and Burkhart et al. (1994) investigating TNF-a production by human monocytes
and murine macrophages. On the other hand, Millrud et al. (2018) reported detectable levels of
IL-1B produced by macrophages treated with higher concentrations of DTX (1 and 10 uM);
moreover, Elsea et al. (2008) observed a higher TNF-a expression in RAW 264.7 cells using 5
UM of DTX. Plasma TNF-a concentration was elevated in 30% of patients treated with DTX
for 4 weeks (Tong et al., 2000). Thus, diverse concentrations, timetables and biological models
may lead to different results regarding DTX influence on cytokine production.

DTX did not affect IL-6 production in our in vitro model. The treatment of women with
breast cancer using DTX increased IL-6, GM-CSF and IFN-y and reduced IL-1f, TNF-a and
PGEZ2 production by these patients, causing lymphopenia that is associated to elevated risk of
opportunistic infections (Tsavaris et al., 2002). EEP+DTX induced a higher 1L-6 production,
which is involved in acute inflammation, whereas it may also be associated to neoplasm
development. IL-6 induces breast tumor cell proliferation and drives estrogen-responsive cells
to an aggressive phenotype. IL-6 and other pro-inflammatory cytokines are also associated to a
higher cancer cell migration rate (Esquivel-Velazquez et al., 2015), possibly related to MCF-7
cell migration and invasiveness after incubation with the supernatant obtained from monocyte
culture treated with EEP+DTX. Besides, tumor cells themselves can produce high IL-6 levels,

promoting tumor growth, resistance to chemotherapy and metastasis (Mauer et al., 2015).
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None of the stimuli affected IL-10 production in our study. Tong et al. (2000) observed
no changes in IL-10 production by patients treated with DTX for 4 weeks. The anti-
inflammatory cytokine IL-10 is involved in the impaired antitumoral response (Esquivel-
Velazquez et al., 2015). In fact, Alter et al. (2010) observed that immunosuppressed patients
exhibited elevated IL-10 concentrations, impairing the immune response against tumors.

Chemotherapy may cause immunosuppression that in turn leads to the emergence of
opportunistic infections. Candida albicans infection is commonly observed in cancer patients.
It may cause a superficial infection in healthy people but can be lethal for more than 30% of
immunosuppressed individuals (Wisplinghoff et al., 2004; Netea et al., 2008; Teoh & Pavelka,
2016). As a tool to combat infectious microorganisms and tumor cells, phagocytosis is a well-
described mechanism utilized by immune cells such as neutrophils, macrophages and
monocytes (Feng et al., 2019). However, phagocytosis can be compromised due to DTX action
in microtubules (Teoh & Pavelka, 2016). Therefore, we investigated the effect of EEP+DTX
on the activity of monocytes against C. albicans. Both EEP and DTX diminished the
candidacidal activity of monocytes whilst the combination EEP+DTX exerted an
immunorestorative action. This is a positive result, since C. albicans escape mechanisms may
contribute to breast tumor growth in mice by inducing IL-10 production by the host and
reducing IFN-y production, consequently inhibiting the Th1 response that is effective against
infections and tumor development (Ahmadi et al., 2019).

Half of FDA-approved anticancer drugs such cisplatin, doxorubicin and DTX are
inducers of ROS generation in nontargeted tissues, which are toxic and critically involved in
the oxidative stress (Chen et al., 2007; Tabaczar et al., 2012; Bas et al.; 2019). Blocking ROS
production by monocytes/macrophages inhibits their differentiation in tumor promoting cells,
potentiating anticancer treatments (Zhang et al., 2013). ROS may exert a dual role in the
antitumoral immunity: they may be one of the mechanisms involved in the lysis of tumor cells.
In contrast, ROS may induce monocytes/macrophages differentiation in M2-macrophages,
which produce breast tumor mitogenic and angiogenic factors. Hereby, EEP alone or in
combination with DTX inhibited ROS generation, demonstrating not only the antioxidant
activity of propolis but also suggesting the antitumoral profile of monocytes.

In an attempt to assess the effects of the mediators produced by monocytes after
incubation with the stimuli, the supernatants of monocyte cultures were taken and further
incubated with MCF-7 cells. Data revealed that the molecules produced by monocytes did not
affect the viability of tumor cells, probably because the stimuli did not induce enough

concentration of tumoricidal substances to kill MCF-7 cells. However, one may observe that
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the supernatant of DTX-treated monocytes showed similar effects to that presented by DTX
directly on MCF-7 cells. This may probably be due to DTX residual concentration in the
supernatant of the monocyte culture.

Summing up, our data demonstrated that EEP in combination with reduced
concentrations of DTX displayed a cytotoxic activity against MCF-7 cells in vitro, inducing
necrosis and impairing the migratory behavior. Moreover, EEP+DTX induced HLA-DR
expression in human monocytes, favoring antigen presentation. EEP+DTX also induced higher
levels of TNF-a and IL-6 production by activated monocytes, exerted an immunorestorative
effect on the candidacidal activity and reduced the oxidative stress in these cells. These findings
are new and relevant, demonstrating the effects of EEP+DTX against breast cancer cells and its
impact on women monocytes. Preclinical assays should be carried out to check the effects of
EEP+DTX in animals and further in clinical trials — a new approach aiming to improve the
treatment of oncologic patients, avoiding the side effects of chemotherapy and exerting an

immunomodulatory action.
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Treatments 24 h 48 h 72 h
Control 100 100 100
DTX1 95.64 + 6.226 90.32 +£9.926 ** 98.01 +£5.426
DTX 25 90.03 + 8.804 *** 85.34 £ 7.872 *** 90.03 £ 12.47 **

DTX5 88.46 £ 7.770 *** 76.91 + 9.614 *** 85.60 + 9.403 ***
DTX 10 89.65 + 8.049 *** 73.69 + 8.385 *** 83.47 £ 10.19 ***
DTX 25 84.05 + 7.867 *** 66.79 + 8.905 *** 77.04 £10.39 ***
DTX 50 83.45 + 8.376 *** 65.26 + 6.570 *** 57.37 £ 7.732 ***
DTX 75 81.87 £ 10.05 *** 63.38 £ 6.126 *** 59.52 + 8.291 ***
DTX 100 78.98 + 6.223 *** 56.30 £ 7.422 *** 56.40 £ 7.918 ***

Table 1. Viability (%) of MCF-7 cells treated with docetaxel (DTX -1, 2.5, 5, 10, 25, 50, 75 and 100
nM) for 24, 48 and 72 h. Assays were performed three times in triplicate. Data represent mean + standard
deviation. Significantly different from control (only DMEM medium): ** (P < 0.01); *** (P < 0.001).

Treatments 24 h 48 h 72h
Control 100 100 100
EEP25 100 98.66 + 1.599 90.01 + 8.858
EEP50 100 93.90 + 10.57 86.06 + 8.302 *
EEP75 100 94.45 + 2.323 84.94 +5.734 *
EEP100 100 99.25 +1.300 83.08 +£2.513 *

Table 2. Viability (%) of MCF-7 cells treated with propolis (EEP - 25, 50, 75 and 100 pg/mL) for 24,
48 and 72 h. Assays were performed three times in triplicate. Data represent mean + standard deviation.
Significantly different from control (only DMEM medium): ** (P <0.01); *** (P < 0.001). Significantly
different from DTX: * (P < 0.05); ** (P < 0.01).
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Figure S1. Viability (%) of MCF-7 cells treated with the combination docetaxel (DTX - 10 nM) and
propolis (EEP - 25 — 100 pg/mL) for 24 and 72h. Assays were performed three times in triplicate. Data
represent mean and standard deviation. Significantly different from control: ** (P < 0.01); *** (P <
0.001). Significantly different from DTX: ** (P < 0.01); *** (P < 0.001).
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Figure S2. Viability (%) of monocytes treated with EEP (25 pg/mL), DTX (10 nM), EEP (25 pg/mL)
+ DTX (10 nM), and LPS (5 pg/mL) for 48 h. Monocytes were obtained from female donors (n = 5).
Data represent mean and standard deviation (P > 0.05).
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Concluséao

Nossos dados demonstraram que a propolis (EEP) combinada as concentragdes
reduzidas de docetaxel (DTX) apresentou atividade citotdxica contra a linhagem MCF-7 de
cancer de mama in vitro, induzindo necrose e inibindo sua migragéo. A combinagdo EEP+DTX
induziu maior expressdo de HLA-DR em mondcitos humanos, favorecendo a apresentacao de
antigenos. EEP+DTX também induziu aumento na producéo de TNF-a e IL-6 por mondcitos,
restaurou a atividade candidacida e reduziu o estresse oxidativo destas células. Tais achados
sdo relevantes e demonstram os efeitos da combinagcdo EEP+DTX contra células de canceres
de mama e seu impacto em monacitos obtidos de mulheres saudaveis. Posteriores ensaios pré-
clinicos e clinicos poderdo ser realizados para observar os efeitos dessa combinacdo, podendo
ser uma nova abordagem que objetiva melhorar o tratamento de pacientes oncoldgicos,

reduzindo os efeitos colaterais da quimioterapia e exercendo a¢cdo imunomoduladora.
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