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ESTRUTURA DA TESE

A presente tese esta estruturada da seguinte forma: introducdo geral, reviséo
bibliogréfica, objetivos do trabalho (geral e especificos) e resultados e discussdo, onde
consta a descricdo de trés artigos separados por Capitulos. Uma discussdo geral do
trabalho é apresentada, seguida das conclusbes obtidas, perspectivas e referéncias
bibliogréaficas. O Curriculo Lattes encontra-se em anexo.

A introducdo apresenta aspectos relacionados a prépolis e os assuntos que
serdo abordados na tese. A revisao bibliografica trata sobre caracteristicas importantes
das propolis, em especial a propolis vermelha, proveniente da regido nordeste do Brasil,
sua composicao quimica e atividades bioldgicas. Também aborda sua importancia como
fonte de agentes antitumorais e a busca de um melhor entendimento dos mecanismos
celulares envolvidos nesta propriedade.

O Capitulo 1 apresenta o trabalho publicado na revista “Food and Chemical
Toxicology” em 2014, o qual abordou o perfil proteico da linhagem Hep-2 tratada ou nao
com extrato hidroalcodlico da propolis vermelha proveniente de Sergipe, utilizando o
ensaio eletroforese bidimensional, bem como, analise de inducdo de apoptose utilizando
citometria de fluxo, andlise in situ do anticorpo Anexina-V/lodeto de Propideo e
coloracdo por Giemsa. Este trabalho também conta com a quantificacdo de proteinas, a
qual possibilita discutir satisfatoriamente os resultados encontrados nos ensaios.

O Capitulo 2 se refere ao artigo publicado na revista “Journal of Pharmacy
and Pharmacology” em 2016, o qual mostra a identificacdo realizada gel free de mais de
2000 proteinas nas duas linhagens celulares testadas, sendo elas: a linhagem Hep-2,
célula tumoral de laringe, e Hek-293, célula renal ndo tumoral. Este artigo também
apresenta a classificacdo destas proteinas quanto suas fungdes moleculares e compara o

perfil proteico das linhagens que foram tratadas com o extrato hidroalcoolico de prépolis
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com o grupo controle. Algumas proteinas identificadas (TLN1, EPIPL, FSCN1, VINC e
ROAL) apresentam-se em grande quantidade nos tecidos dos tumores de laringe
comparado ao fenOtipo dos tecidos sem tumor, as quais apresentaram expressao
diminuida ap0s tratamento com extratos da propolis.

O Capitulo 3 se refere ao artigo que serd submetido a revista “Food and
Chemical Toxicology” em 2016, o qual retrata a caracterizacdo quimica do extrato
hidroalcodlico da prépolis vermelha proveniente de Alagoas e de duas fragdes
provenientes desta amostra. Também apresenta 0 ensaio de viabilidade celular na
linhagem Hep-2 pelo periodo de 24 h e 48 h de tratamento, bem como analise da
morfologia com a coloracdo de Giemsa e da fluorescéncia com DAPI. Este artigo ainda
mostra os resultados sobre a avaliacdo do ciclo celular, a formacdo de ROS, alteracdo do
potencial de membrana das células que receberam o tratamento, bem como a marcacgéo
com Anexina-V/Pl. O dano ao DNA plasmidial causado pelas amostras de propolis
também ¢é avaliado.

A discussdo geral aborda os resultados dos trés capitulos apresentados, a
relacdo entre 0s mesmos e a importancia desse estudo como contribuicdo cientifica. Por
fim, € apresentada a conclusdo final do trabalho desenvolvido, as perspectivas e 0 anexo

contendo o Curriculo Lattes.
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RESUMO

A propolis vermelha brasileira tem atraido interesses cientificos e econdmicos
devido as suas variadas atividades bioldgicas. Este produto natural possui composicédo
quimica variada de acordo com a regido na qual é encontrado, sendo necessaria uma
completa caracterizagdo quimica para cada tipo de prépolis, a fim de se elucidar os
compostos presentes e responsaveis pela atividade biologica observada. Neste trabalho,
buscou-se caracterizar quimicamente os extratos da propolis vermelha brasileira, avaliar
sua atividade antitumoral, bem como alguns mecanismos de morte celular, além de
investigar o padrdo proteico de células tumorais de laringe (Hep-2) e ndo tumorais de rim
(Hek-293) tratadas e ndo tratadas com extratos da propolis vermelha através da analise
protedmica comparativa.

A caracterizacdo quimica mostrou que a propolis apresenta moléculas complexas,
principalmente isoflavonoides, que possuem importantes atividades bioldgicas, dentre
elas a atividade antitumoral. A atividade citotoxica de duas fracbes e do extrato
hidroalcodlico da propolis foi avaliada na linhagem tumoral Hep-2, a qual se revelou
mais citotoxica nos tratamentos com as fracbes investigadas. Os ensaios de citometria
mostraram que as células que receberam tratamento apresentaram menor potencial de
membrana mitocondrial, maior quantidade de células em apoptose tardia (TUNEL e
Anexina-V/PI), menor geracdo de espécies reativas do oxigénio e o aumento de
fragmentacdo do DNA. Além disto, as coloracGes revelaram a presenca de corpos
apoptoticos e condensacdo de cromatina.

A analise protedmica permitiu a comparagdo dos mapas proteicos da linhagem
Hep-2, na auséncia ou presenca de extratos da propolis vermelha, com a linhagem néo
tumoral Hek-293. Estas proteinas foram classificadas de acordo com o0s processos

bioldgicos as quais estdo envolvidas. Além disto, doze proteinas identificadas na
Xiv



linhagem Hep-2 apresentaram expressao reduzida comparada ao grupo controle, dentre as
quais muitas estdo presentes em grande quantidade em outros tumores e sdo consideradas
biomarcadores tumorais.

Os resultados, de forma geral, mostram que a propolis interfere em um conjunto
de eventos intracelulares e, assim, passa a ser uma candidata promissora para inibir o
crescimento celular e contribuir para os diferentes passos relacionados com o processo de
carcinogénese. Embora os mecanismos moleculares pelos quais a propolis vermelha
interaja com o metabolismo das células permanecam ainda desconhecidos, estudos
adicionais servirdo para melhor elucidar a atividade antitumoral da prépolis vermelha
brasileira e de suas fracdes.

Palavras-chave: propolis vermelha, antitumoral, protedbmica
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ABSTRACT

The Brazilian red propolis has attracted scientific and economic interests due
to its varied biological activities. This natural product has diversify chemical composition
according to the region in which it is found, then it is necessary a complete chemical
characterization for each type of propolis, in order to elucidate the present compounds
and responsible for the biological activity observed. In this work, we attempted to
chemically characterize the extracts of Brazilian propolis, evaluate their antitumor
activity as well as some cell death mechanisms, and to investigate the protein profile of
larynx tumor cells treated and not treated with propolis extracts through comparative
proteomic analysis.

The chemical characterization showed that propolis has complex molecules,
particularly isoflavones, which present significant biological activities, such as antitumor
activity. The cytotoxic activity of two fractions and of the hydroalcoholic extract of
propolis was assessed in Hep-2 tumor cell line, which proved to be more cytotoxic
treatments in the investigated fractions. Flow cytometric assays showed that treated cells
had lower mitochondrial membrane potential, increased amount of cells in late apoptosis
(TUNEL and Annexin-V / PI), less generation of reactive oxygen species and increase in
DNA fragmentation. Furthermore, the staining revealed the presence of apoptotic bodies
and chromatin condensation.

The proteomic analysis has allowed comparison of the maps of the protein
Hep-2 cell line, in the absence or presence of propolis extracts, with non-tumor cell line
Hek-293. These proteins were classified according to the biological processes which they

are related. Besides, twelve identified proteins in Hep-2 showed reduced expression from
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the control group. Between them, many are presented in large quantities in other tumors
and are considered tumor biomarkers.

The results in general show that propolis interferes with a series of
intracellular events and hence becomes a promising candidate to inhibit cell growth and
contribute to the different steps relating to the process of carcinogenesis. Although the
molecular mechanisms by which propolis interact with the metabolism of the cells remain
unknown, further study will serve to better elucidate the antitumor activity of Brazilian
propolis and its fractions.

Keywords: red propolis, antitumor, proteomic
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1. INTRODUCAO

Os produtos naturais apresentam estruturas quimicas complexas e sao muito
utilizados em estudos para a descoberta de novas drogas, as quais sdo aplicadas como
agentes inovadores na terapéutica de doencas de alta prevaléncia e morbidade, como o
cancer. As propriedades medicinais da propolis tém sido muito estudadas ao longo da
historia e seus extratos vém sendo utilizados para diversas finalidades. A propolis é um
produto resinoso elaborado pelas abelhas, as quais a utilizam para se protegerem contra
a invasao de insetos e para assepsia da colmeia.

No Brasil ha diversos tipos de propolis, que possuem composi¢des quimicas que
variam de acordo com as espécies de abelhas e a flora das diferentes regides em que séo
encontradas. A prépolis vermelha, encontrada no nordeste brasileiro, vem sendo
estudada por apresentar caracteristicas fisico-quimicas e bioldgicas distintas das demais.
Dentre todas as suas atividades ja descritas, destaca-se sua acao citotdxica contra células
tumorais. Sabe-se que o cancer é uma doenca crénica, e segundo o Instituto Nacional de
Cancer (INCA), a segunda causa de morte registrada no mundo, precedida apenas de
doencas de origem vascular. Desta forma, busca-se um melhor entendimento quanto a
sua etiopatogenia e o desenvolvimento de novas estratégias preventivas e terapéuticas
no seu combate.

A inducdo de apoptose tem sido um dos mecanismos propostos para os efeitos
terapéuticos antitumorais da propolis. Assim, estudos citoquimicos quanto a atividade
de extratos da propolis vermelha em células tumorais que avaliem marcadores
relacionados a regulacdo de apoptose sdo de grande importancia, uma vez que
evidéncias demonstram que a resisténcia a apoptose € uma das caracteristicas mais

marcantes da maioria dos tumores malignos. J& os estudos protedmicos podem
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contribuir para o entendimento dos mecanismos pelos quais a prépolis atua nas células,
uma vez que indicam o perfil de proteinas presentes no grupo de células tratadas, o qual
pode ser comparado ao grupo ndo tratado e ainda podendo ser feita a correlagdo de suas
quantidades. A protedmica utiliza uma combinacdo de métodos analiticos, tais como
eletroforese bidimensional, cromatografia liquida e espectrometria de massas, 0 que
permite esta identificacdo de alteracGes especificas e perfis proteicos sob determinadas
condigdes, como, por exemplo, associados com as neoplasias. De modo geral, 0s
estudos protedmicos contribuem para determinacdo de diagnosticos precoces, novas
possibilidades terapéuticas e melhor entendimento dos mecanismos biol6gicos.

Tendo em vista os beneficios que a prépolis vermelha tem mostrado a salde
humana, aliado a caréncia de estudos relacionados ao potencial biolégico do seu extrato
e fragBes em células tumorais e ndo tumorais, torna-se importante obter um melhor
entendimento dos complexos mecanismos celulares e principalmente as suas
propriedades antitumorais. A caracterizacdo quimica do extrato e de suas fracoes,
somado a estudos de expressdo génica e protebmicos, deve contribuir para o melhor
entendimento das interacdes moleculares no que diz respeito ao uso da propolis
vermelha, a qual tem se apresentado como um produto promissor com variadas

possibilidades terapéuticas.
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2. REVISAO BIBLIOGRAFICA

2.1 PROPOLIS

A palavra propolis é derivada do grego pro-, em defesa, e polis-, comunidade,
considerado assim, um produto utilizado pelas abelhas na defesa da colmeia (Toreti et
al., 2013). A propolis é um produto ndo tdxico resinoso coletado de varias plantas,
brotos ou exsudatos, misturado com enzimas salivares, pélen e cera, elaborado pelas
abelhas principalmente do género Apis mellifera (Sforcin, 2016; Silva et al., 2008). Para
a elaboracdo da propolis, as abelhas fragmentam os apices vegetativos das plantas com
as mandibulas, coletando, neste processo, as resinas liberadas e com o primeiro par de
patas, transferem a massa de resina para as patas medianas e entdo para a corbicula
(parte posterior da tibia), nas patas posteriores (Fig. 1) (Teixeira et al., 2005). A resina
obtida das plantas é mastigada pelas abelhas, que adicionam enzimas salivares e 0
material, parcialmente digerido, é misturado com a cera de abelha e usado na colmeia
(Burdock, 1998). Os resultados desta modificacdo enzimatica sdo hidrolises dos
compostos fendlicos como, por exemplo, os flavonoides heterosideos (Najafi et al.,

2007).

-\ Corbicula

Figura 1. A- Abelha com propolis vermelha depositada na corbicula; B- estruturas da
pata da abelha. Fonte: Little Blossoms
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As abelhas usam a prépolis para protegé-las contra insetos e microrganismos, no
reparo de frestas ou danos a colmeia, no preparo de locais assépticos para a postura de
ovos da abelha rainha e na mumificacéo de insetos invasores (Bankova, 2009; Toreti et
al., 2013). Nas ultimas décadas, a propolis tornou-se objeto de varios estudos realizados
em todo o mundo, e sua composi¢do quimica e propriedades bioldgicas tém sido

extensivamente estudadas (Silva-Carvalho et al., 2015).

A proépolis é constituida de aproximadamente 55% de resinas (contendo
flavonoides e compostos fendlicos), 30% de ceras, 10% de Oleos essenciais e
aromaticos e 5% de polen. E uma rica fonte de elementos essenciais como magnésio,
calcio, ferro e zinco, sendo que, mais de 300 componentes ja foram identificados em
diferentes amostras de prépolis (Khalil, 2006). Os flavonoides sdo considerados 0s
principais compostos responsaveis pelos efeitos benéficos da prépolis, sendo a eles
atribuidas as propriedades antibacteriana, antiviral, antioxidante (Barbosa et al., 2009) e
antitumoral (Watanabe et al., 2011). Os flavonoides (Fig. 2) apresentam estrutura
hidrocarbonada do tipo C6-C3-C6 nas quais as duas unidades C6 (anel A e anel B)
possuem natureza fendlica (Tsao, 2010). Tais estruturas podem ser divididas em
subclasses de acordo com o grau de oxidacdo do anel heterociclico como: flavan-3-ol,
flavona, flavonol, flavanona, antocianina e isoflavonas (Singh et al., 2008). Estas
ultimas podem ser principalmente encontradas nas plantas da familia de leguminosas e
possuem na sua estrutura o anel B ligado na posigdo C3 do anel C (Fig. 2) (Tsao, 2010).
Devido a grande quantidade de ceras a propolis deve ser purificada através da extracao
com solventes, os quais removem o material inerte e preservam as fragdes polifenolicas,

neste caso o alcool é particularmente adequado para esta finalidade (Pietta et al., 2002).
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Isoflavonoide Flavanona Flavona

. J

Figura 2. Estrutura bésica dos flavonoides e subclasses.

A propolis é considerada uma das misturas biolégicas mais heterogéneas
encontradas em fontes naturais. A diversidade dos componentes quimicos presentes nas
propolis esta relacionada aos diferentes ecossistemas de onde as abelhas fazem a coleta
do material para a sua elaboracéo (Daleprane & Abdalla, 2013). Desta forma, o uso de
amostras com caracterizacdo quimica nos ensaios bioldgicos é a forma de investigar
suas propriedades e fazer estudos comparativos, oferecendo sinais para a padronizagao e
controle de qualidade de uma determinada amostra de propolis (Sforcin, 2016) o que é
imprescindivel para se garantir a eficicia e seguranca deste produto natural para um
mercado cada vez maior e exigente em todo o mundo (Lustosa et al., 2008). Contudo ha
uma grande dificuldade para se estabelecer uma uniformidade deste material o qual

pode proceder de diversas origens geograficas (Machado et al., 2016).

A propolis é um dos muitos produtos naturais que vem sendo utilizado desde a
antiguidade (Kuropatnicki et al., 2013). Os egipcios conheciam as propriedades
antiputrefativas da prépolis e a empregavam para embalsamar cadaveres (Toreti et al.,
2013). Além disso, a propolis tem sido amplamente utilizada por varias civilizagbes
para o tratamento de resfriados, feridas e Ulceras devido a suas propriedades

antissépticas e anestésicas e ela também tem sido utilizada na medicina complementar
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devido a suas atividades antimicrobianas, anti-inflamatdrias, antitumorais,

imunomoduladoras, antioxidantes, entre outras (Sforcin, 2016).

2.2 PROPOLIS VERMELHA

As coloragdes das propolis podem variar de amarelo claro até marrom
avermelhado dependendo de sua procedéncia, elas possuem sabor resinoso e odor
aromatico (Salatino et al., 2011). A prépolis vermelha, denominada assim devido a sua
intensa coloracdo vermelha, é encontrada principalmente na regido Nordeste brasileira,
nos estados de Sergipe, Alagoas, Bahia, Pernambuco e Paraiba (Daugsch et al., 2008).
Segundo Silva et al., (2008), a sua origem botéanica é a planta Dalbergia ecastophyllum
(L.) Taub. da familia Leguminosae, chamada popularmente como rabo-de-bugio.
Geograficamente a D. ecastophyllum distribui-se no continente americano, da Florida
(EUA) ao Brasil, desde o litoral Norte até Palhoca-SC, ocorrendo também no continente
africano (Souza, 2010). E uma espécie escandente, associada a estuarios, mangues e
dunas e bem adaptada as condic¢des de alta salinidade (Souza, 2010).

O Brasil, por meio do Estado de Alagoas, passou a ser reconhecido como
produtor dessa espécie de propolis com a denominacdo de origem (IG 201101) obtida
em julho de 2012, pelo Instituto Nacional de Propriedade Industrial (INPI, 2016).

Uma quantidade de grupos de compostos tem sido identificada na propolis
vermelha brasileira, incluindo isoflavonoides, pterocarpanos, chalconas, flavanona
(Liquiritigenina), benzofenonas preniladas, terpenos e taninos (Lopez et al., 2014).
Muitos destes compostos nunca foram citados nos outros 12 tipos de propolis
brasileiras, 0 que torna a composicdo quimica da propolis vermelha exclusiva. Os

marcadores quimicos da propolis vermelha brasileira s&o os isoflavonoides, incluindo a
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Formononetina, Biochanina A, Pinocembrina e Medicarpina (Freires et al., 2016). Os
isoflavonoides, os quais pertencem a classe dos flavonoides, tém sido tema de intensa
pesquisa médica nas ultimas décadas com fungbes benéficas contra vérias doengas
humanas, dentre elas o cancer (Ahmad et al., 2013). As isoflavonas obtidas a partir de
soja sdo as mais amplamente caracterizadas e estudadas, sendo em particular, a
genisteina (Fig. 3) a mais amplamente investigada (Ahmad et al., 2013).

A composigdo quimica complexa da propolis vermelha brasileira remete a varias
atividades biologicas. A propolis vermelha é conhecida pelos seus beneficios a satde
humana e entre as atividades bioldgicas estudadas encontram-se a antibacteriana (Lopez
et al., 2015), antifingica (Pippi et al., 2015; Siqueira et al., 2009), anti-inflamatéria
(Cavendish et al., 2015), antiulcerativa (Pinheiro, 2009), antioxidante (Cabral, 2009;
Righi et al., 2011), antiparasitaria (Ayres et al., 2007), cicatrizante de feridas (Jacob et
al., 2015) e antitumoral (Begnini et al., 2014; Frozza et al., 2013; Li et al., 2008). No
entanto, uma vez que existem diferencas na composicdo quimicas de diferentes

amostras, estas atividades podem ndo estar presentes em todas as propolis vermelha.

2.3 ATIVIDADE ANTITUMORAL DA PROPOLIS VERMELHA

O céancer é um importante problema de saude publica mundial (Siegel et al.,
2016) sendo que o numero de novos casos estimados para 2020, excluindo o cancer de
pele ndo melanoma, chegara a mais de 17 milhGes e o niumero de mortes ultrapassara 10
milhdes (OMS, 2016). Segundo o Instituto Nacional do Cancer (INCA/MS, 2016) o
termo cancer € empregado para designar mais de uma centena de diferentes doengas que
tém em comum o crescimento desordenado de células, que invadem tecidos e 6rgaos
podendo espalhar-se para outras regides do corpo. O ultimo processo é referido como

metastase, as quais séo a principal causa de morte por cancer (OMS, 2016).
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No Brasil, as estimativas realizadas para o biénio 2016-2017 apontam a
ocorréncia de mais de 420 mil novos casos de cancer, excluindo os casos de pele néo
melanoma, reforgando a magnitude do problema do cancer no pais (INCA/MS, 2016).
Os tipos mais incidentes para 0 sexo masculino sdo préstata, pulmao e intestino; e para
0 sexo feminino, mama, intestino e colo do Utero (INCA/MS, 2016). Estas estimativas
reforcam a necessidade de compostos anticancerigenos, os quais podem ser obtidos da
triagem a partir de fontes naturais.

O cancer resulta de mutacbes em genes que normalmente controlam
crescimento, a divisdo, o reparo de DNA e morte celular (Dunn, 2012). Estas mutac¢des
podem ser acidentais, devido a predisposicdo genética, oriundas de fatores ambientais
(radiacdes, produtos quimicos), ou devido a presenca de virus, os quais podem danificar
0 DNA. Podem-se levar anos ou décadas, para que exista uma combinacdo de mutacoes,
as quais ndo sofreram reparo, que possa levar ao surgimento de um cancer, por isto que
geralmente ele acomete pessoas com maior idade (Dunn, 2012). Este processo, chamado
carcinogénese é composto por trés estagios. No estagio de iniciacdo, as células sofrem o
efeito dos agentes cancerigenos ou carcindgenos que provocam modificacfes em alguns
de seus genes. No estagio de promocdo, a célula iniciada sofre o efeito dos agentes
cancerigenos classificados como oncopromotores e € transformada em célula maligna,
de forma lenta e gradual. No terceiro, estagio de progressao, as células alteradas se
multiplicam de forma descontrolada e irreversivel (INCA/MS, 2016).

A busca por substancias bioativas € um dos principais objetivos da quimica
medicinal. No entanto, a descoberta de substancias seletivas, ou seja, que atuem
exclusivamente em células cancerigenas permanece um desafio na pesquisa do
tratamento do cancer. Os atuais medicamentos antitumorais disponiveis no mercado néo

sdo alvo especificos e possuem efeitos adversos e complicacbes, 0 que destaca uma
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necessidade urgente para uma abordagem terapéutica mais efetiva e menos toxica (Patel
& Goyal, 2012).

Existe hoje uma grande tendéncia para o aproveitamento de recursos naturais na
terapéutica de tumores (Newman & Cragg, 2016). Os produtos naturais desempenham
um papel importante na terapia do cancer, uma vez Que NUMErosos agentes
anticancerigenos usados na clinica sdo naturais ou derivados de produtos naturais, 0s
quais podem ser provenientes de diversas fontes, como plantas, animais, micro-
organismos, inclusive de origem marinha (Khalid et al., 2016; Nobili et al., 2009).
Neste contexto, a propolis e seus derivados que possuem suas propriedades antitumorais
ja comprovadas sdo de grande interesse para a comunidade cientifica.

Mesmo na &rea do cancer, € comum a utilizacdo de produtos naturais a fim de
descobrir e desenvolver um medicamento. Desde a década de 1940 até o fim de 2014,
das 175 pequenas moléculas aprovadas, 131 (75%), eram produtos naturais ou
compostos diretamente derivados deles (Newman & Cragg, 2016). Watanabe et al.,
(2011) relataram que amostras de propolis de varios paises (Brasil, China, Grécia,
México, entre outros) foram testadas em diferentes células tumorais e apresentaram
capacidade antitumoral dose e linhagem dependentes, sendo que o0s principais
mecanismos descritos foram: inducdo de apoptose, parada do ciclo celular e
interferéncia nas vias metabdlicas. Os testes com culturas celulares (método in vitro)
vém, neste contexto, sendo utilizados com sucesso por serem reprodutiveis, rapidos,
sensiveis e financeiramente viaveis. Extratos de prépolis vermelha brasileira, ou fracdes
destes, ja foram testados em varias células humanas, conforme apresentado no Quadro

1.

26



Quadro 1. Relacdo das células tumorais sensiveis ao tratamento com amostras de

propolis vermelha brasileira ou compostos derivados.

Linhagem Celular

IC50 pg/mL
(tempo de trat.)

Referéncia*

Mieloma multiplo (RPMI-8226)
Leucemia promielocitica (HL60)
Leucemia mielo6ide cronica (K562)

Adenocarcinoma cervical (HeLa)

Cancer pancreatico (PANC-1)

Carcinoma de colon (26-L5)
Melanoma murino (B16-BL6)
Adenocarcinoma de pulméao (A549)
Fibrosarcoma (HT-1080)

Carcinoma hepatocelular (HepG-2)
Cancer de prostata (RC-58T/h/AS)

Leucemia cronica mieloide (K562)
Leucemia promielocitica (HL60 e NB4)
Linfoma de Burkitt (Raji ¢ Ramos)
Células precursora de leucemia (B15, REH,

Nalm16, Nalm6, RS4)

Cancer de mama (MCF-7)

Carcinoma de laringe (Hep-2)
Adenocarcinoma Cervical (HeLa)

Carcinoma de bexiga (5637)

Leucemia cronica mieloide (K562)
Leucemia promielocitica aguda (HL60)
Multiplomieloma (RPMI 8226)
Melanoma murino (B16F10)

Glioblastoma (SF-295)
Cancer de ovario (OVCAR-8)
Cancer de colon (HCT-116)

n.d.

7,45 (48 h)

n.d.

n.d.

n.d.

2,75 (48 h)

Aprox. 15 (48 h)
Aprox. 15 (48 h)
Aprox. 15 (48 h)
Aprox. 15 (48 h)

n.d.

63,4 (24 h)
81,4 (24 h)

95 (24 h)

42,1 (48 h)
29,7 (48 h)
36,5 (48 h)
32,8 (48 h)

34,27 (72 h)
28,76 (72 h)
25,26 (72 h)

Silva, (2007)*

Alencar et al., (2007)b

Awale et al., (2008)°

Li et al., (2008)"

Filardi, (2010)°

Moraes ef al., (2010)°

Franchi ez al., (2012)°

Kamiya et al., (2012b)"

Frozza et al., (2013)"

Begnini et al., (2014)°

Novak et al., (2014)°

de Mendonga et al.,
(2015)°

n.d. N&o disponivel. *Metodologia: * azul de tripan, > MTT, ° Kit WST-8, ¢ Vermelho

neutro, ¢ MTS.
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Os principais mecanismos antiproliferativos da propolis vermelha brasileira em
geral e dos seus compostos isolados incluem a inducdo de apoptose através da ativacdo
da caspase-3, a inibicdo da proliferacdo celular e da angiogénese in vitro e a inibi¢do do
desenvolvimento de tumores em roedores (Freires et al., 2016; Pinheiro et al., 2014).
Porém, 0 mecanismo exato de atuacdo contra as células tumorais permanece indefinido,
uma vez que cada amostra possui particularidades unicas.

Os resultados descritos até o momento sugerem que a propolis vermelha
brasileira e alguns de seus constituintes agem atraves de todos esses mecanismos e,
portanto, poderiam ser bons candidatos para desenvolvimento futuro de uma droga
anticancer (Freires et al., 2016). Alguns compostos presentes na propolis possuem agédo
antitumoral ja comprovadas, dentre estes estdo a Biochanina A, a Formononetina e a
Liquiritigenina.

Biochanina A (isoflavona 4'-metoxi-5,7-di-hidroxi) ¢ uma isoflavona bioativa
encontrada em trevo vermelho, grdo de bico, e vérias outras fontes vegetais, e assim
como outras moléculas pequenas, ela tem se tornado popular nos Gltimos anos como
opcao de tratamento de diferentes tipos de canceres (Jain et al., 2015). Como exemplos,
a Biochanina A reduziu a sobrevivéncia de células de carcinoma da mama (Sehdev et
al., 2009), em carcinoma de células escamosas orais (Johnson et al., 2010) e de cancer
pancreatico (Bhardwaj et al., 2014). Estes estudos demonstraram que ela reduz a
progressdo do cancer principalmente através da inibicdo da proliferacdo, invasdo e
sinalizacdo celular. A Biochanina A é uma analoga da genisteina (Fig. 3) e €
considerada menos toxica, além do mais, ela representa um melhor agente preventivo do

cancer de mama do que a genisteina uma vez que ela proporcionou alteragdes
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quimiopreventivas benéficas em concentracbes que podem ser obtidas através da

ingestdo diaria (Moon et al., 2007).

OCH,
Biochanina A Genisteina

Figura 3. Estruturas quimicas dos compostos Biochanina A e Genisteina.

A Formononetina (7-hidroxi, 4’-metoxi-isoflavona) (Fig. 4) é uma isoflavona
encontrada nas raizes de Astragalus membranaceus, Trifolium pratense (Trevo
Vermelho), Glycyrrhiza glabra (Alcaguz) e Pueraria lobata (chamada pelos japoneses
de Kudzu) (Zhou et al., 2014). Essa substancia e seus derivados apresentam acéo anti-
inflamatoria, antioxidante (Cavendish et al., 2015), anti-hipertensiva (Sun et al., 2013)
dentre outras. Ela é responsavel, pelo menos parcialmente, pela atividade
antimicrobiana da propolis vermelha (Neves et al., 2016) e inibe a proliferacdo de
diversas células cancerosas in vivo e in vitro (Yang et al., 2014; Zhou et al., 2014).

Com relacdo ao mecanismo de acdo antitumoral a Formononetina inibe a
proliferacdo de células de cancer de pulmao através da parada de ciclo celular e inducéo
de apoptose (Yang et al., 2014). Inibe a migracdo e invasdo de células de cancer de
mama através da reducdo da expressdao de metaloproteinases de matriz 2 e 9, as quais se
apresentam com elevada expressdo no cancer de mama através da via de sinalizacdo do

fosfatidilinositol-3-quinase/serina-treonina quinase (PI3K/Akt) (Zhou et al., 2014).
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OCH,

Formononetina

Figura 4. Estrutura quimica do isoflavonoide Formononetina.

O flavonoide Liquiritigenina, 4',7-diidroxiflavanona (Fig. 5) ¢ uma flavanona
presente em Radix glycyrrhizae, que possui estrutura polifendlica. Ha registros que este
composto possui multiplos efeitos bioldgicos, tais como anti-inflamatorio e atividade
citotoxica contra diversas linhagens cancerosas humanas in vitro (Zhang et al., 2009) e
in vivo (Zhou et al., 2010). Os mecanismos propostos para a inibicdo do crescimento de
células tumorais in vitro foram pela via apoptotica, a qual foi provavelmente mediada
pela geracdo de espécies reativas de oxigénio em células de carcinoma hepatocelular
(Zhang et al., 2009) e apoptose pela via mitocondrial, a qual foi associada ao aumento
da expressao de p-53, liberagéo do citocromo C e aumento da atividade das caspases 3 e
9 em células de cancer cervical (HeLa) (Liu et al., 2011). Além disso, ela reduziu a
angiogénese de maneira dose dependente, sendo este efeito associado a inibi¢do do fator

de crescimento vascular endontelial (VEGF) (Liu et al., 2012).

OH
HO O ‘\\\\©/

0

Figura 5. Estrutura quimica da flavona Liquiritigenina.
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2.4 VIAS DE MORTE CELULAR E RESPOSTA CELULAR

O balanco entre a proliferacdo celular e a morte celular regula e controla o nimero de
células no organismo. As caracteristicas de cada tipo de morte celular estdo intimamente
ligadas a cascata de eventos bioquimicos e fisioldgicos que levam a mudanca na sintese de
macromoléculas, na homeostase celular, na regulagdo do volume celular e por ultimo na
perda da viabilidade celular (Tinari et al., 2008).

A morte celular pode ser classificada de acordo com suas caracteristicas
morfoldgicas (apoptose, necrose ou relacionada & mitose); por critérios enziméaticos (com ou
sem o envolvimento de nucleases ou de classes diferentes de proteases, tais como caspases,
calpainas, catepsinas e transglutaminases); por caracteristicas funcionais (programada ou
acidental, fisioldgica ou patoldgica); ou por aspectos imunolégicos (imunogénico ou nao
imunogénico) (Kroemer et al., 2009). Além desta classificagdo, existem diferentes tipos de
mortes celulares classificadas pela via de sinalizacdo, as quais sdo: morte celular autofagica,
cornificacdo, netosis, partahanatos e Anoikis (Vural et al., 2013). A utilizacdo de termos
adicionais, definidos por uma série de propriedades bioquimicas, demonstra que a presenca
de caracteristicas morfoldgicas especificas ndo é suficiente para estabelecer todo o processo
de morte celular. Ao menos, in vitro, a ativacdo das caspases, deixa de ser uma exigéncia
para os multiplos casos de apoptose. A geracdo de espécies reativas de oxigénio e espécies
reativas de nitrogénio, que eram associadas a apoptose, é reconhecida, também, em alguns
casos de necrose. Da mesma maneira, a exposicdo da fosfatidilserina, um componente
fosfolipidico, deixa de ser uma prerrogativa de apoptose e passa a constituir uma

caracteristica precoce de parthanatos e netosis (Galluzzi et al., 2012).
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Dentre os diversos mecanismos existentes, a indugéo de apoptose tem sido um dos
mecanismos propostos para os efeitos terapéuticos antitumorais da prépolis (Begnini et al.,
2014). O termo apoptose, também conhecida como morte celular programada, é definido por
varias caracteristicas morfol6gicas e bioquimicas Unicas, sendo suas diferentes formas
essenciais para a homeostase do tecido (Misra et al., 2016). E caracterizada por
encolhimento celular, formacdo de vesiculas de membrana, condensagdo do ndcleo e a
fragmentacdo (Misra et al., 2016). A desregulacdo da apoptose e sua disfuncdo pode
contribuir para uma variedade de condicGes patoldgicas, tais como o cancer, infecgdes virais
e doencas imunoldgicas (Misra et al., 2016)

As células cancerosas podem utilizar alguns dos varios mecanismos moleculares para
evitar a apoptose e adquirir resisténcia aos agentes apoptoticos, por exemplo, expressando
proteinas anti-apoptéticas, como a Bcl-2, ou diminuindo a expressdo ou provocando a
mutacao de proteinas que sdo pro-apoptaticas, tais como a BAX (Hassan et al., 2014).

A apoptose é causada pelas proteases, conhecidas como caspases. Estas proteinas
decompdem componentes celulares necessarios para a funcdo celular normal, incluindo
proteinas estruturais, proteinas do citoesqueleto e nucleares, como enzimas para o reparo de
DNA. As caspases também podem ativar outras vias de degradacdo enzimatica, tais como
DNAases, que comecam a clivar o DNA do nucleo (Hassan et al., 2014).

Durante o processo de apoptose, as células exibem morfologia distinta. Tipicamente,
a célula comeca a encolher apo6s a clivagem de filamentos de actina no citoesqueleto. A
reparticdo apoptotica da cromatina no nucleo, muitas vezes leva a condensacdo nuclear e/ou
uma aparéncia de "ferradura". As células continuam a encolher, empacotam-se em uma
forma que permita a sua remocdo por macréfagos (Fig. 6). Estas células fagociticas sdo

responsaveis pela eliminacdo de células apoptoticas a partir de tecidos de um modo limpo e
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organizado que evita muitos dos problemas associados com a morte celular por necrose. A
fim de promover a sua fagocitose por macrofagos, as células apoptéticas frequentemente
sofrem alteracBes de membrana plasmética que desencadeiam a resposta de macréfagos.
Uma dessas modificacdes é a translocacdo de fosfatidilserina a partir do interior da célula
para a superficie exterior. As fases finais de apoptose sdo muitas vezes caracterizadas pelo
prolongamento da membrana celular ou aparecimento de pequenas vesiculas, que d&o

origem aos chamados corpos apoptoéticos (Hassan et al., 2014).
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Figura 6. Morte celular por apoptose. Fonte: Banco de imagens Royalty Free

A apoptose extrinseca indica uma forma de morte induzida por sinais extracelulares
que resultam na ligacdo de ligantes a receptores de transmembrana especificos, conhecidos
como receptores de morte que pertencem a familia TNF (Fator de Necrose Tumoral) (Fig.
7). Todos os receptores de morte funcionam de forma semelhante, ou seja, varias moléculas
receptoras de ligantes sdo reunidas e submetidas a alteracbes conformacionais que permitem

a montagem de um grande complexo multiproteina conhecido como Complexo de
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Sinalizagdo Indutor de Morte (DISC) que conduz a ativacdo da cascata de caspases. Neste
complexo, o ligante FAS (receptor de morte), através de um dominio com 80 aminoacidos
altamente conservados, conhecido como dominio de morte, se liga a uma molécula
adaptadora chamada FADD, proteina associada a um dominio efetor de morte. Essas
moléculas tém a capacidade de recrutarem a caspase-8 que ird ativar a caspase-3,
desencadeando a morte por apoptose (Favaloro et al., 2012).

A via intrinseca € ativada em resposta a condigdes estressantes, incluindo danos no
DNA, o estresse oxidativo e muitos outros, as quais levam a permeabilizacdo da membrana
mitocondrial externa (MOMP do inglés mitochondrial outer membrane permeabilization).
Esta por sua vez resulta na dissipacdo do potencial de membrana mitocondrial e, por
conseguinte, na cessacdo da producdo de ATP, assim como a liberacdo de uma série de
proteinas que contribuem para ativagao das caspases.

As proteinas da familia Bcl-2, sdo reguladoras essenciais deste tipo de apoptose e sdo
todas caracterizadas pela presenca de pelo menos um dominio homélogo (BH). Do ponto de
vista funcional, elas podem ser classificadas em membros anti-apopt6ticos que contém trés
ou quatro BH (tais como Bcl-2, Bcl-XL, Bcl-w, Mcl-1) e em membros pro-apoptoticos com
dois ou trés BH (tais como Bax, Bak, Bcl-xs, Bok) ou com apenas um BH (como Bad, Bik,
Bid, Bim, Noxa, Puma). Proteinas prd-apoptoticas mediam a apoptose por perturbar a
integridade da membrana que formam poros, enquanto 0os membros anti-apoptdticos
impedem a apoptose através da interferéncia com a agregacao dos membros pré-apoptotico.

Em qualquer caso, uma vez que MOMP ocorre, numerosas proteinas séo libertadas a
partir da mitocéndria. Uma vez que o citocromo C é liberado, ele se liga a APAF-1
induzindo a formacao de um grande complexo, conhecido como apoptossomo, que recruta a
caspase 9 a qual e ativada, clivada e, desta forma, ativa a caspase 3 que vai desencadear a

apoptose (Fig. 7).
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Ha varios estudos com propolis, oriundos de diversas localidades do mundo, e seus
compostos que comprovam o aumento da inducdo de apoptose (Orsoli¢, 2010), tais como:
nas células endoteliais (Ohta et al., 2008), células cancerigenas da prostata (Szliszka et al.,
2009), células ganglionares da retina (Inokuchi et al., 2006) e em células leucémicas (Bufalo
et al., 2009). Segundo Sawicka et al., (2012), a propolis e 0s seus compostos podem induzir
a via intrinseca de apoptose através da liberacdo de citocromo C, da mitocéndria para o
citoplasma, levando a cascata de caspase e ativando as proteinas pré-apoptdticas: Bax, Bad,
p53, e p21.

O estado morfofuncional celular por apoptose pode ser detectado por varias técnicas,
entre elas: externalizacdo da fosfatidilserina detectada por Anexina V, alteracGes
morfolégicas evidenciadas por microscopia eletronica, fragmentacdo de DNA pela técnica
de TUNEL, cometa, coloracdo com DAPI, gel de eletroforese e citometria de fluxo, porém
cada uma desta apresenta vantagens e desvantagens. Desta forma, é necessario que a sua
deteccdo seja realizada em varios estagios para que o mecanismo de inducdo apoptose seja
determinado de forma precisa e 0 mesmo possa ser utilizado como alvo terapéutico

(Archanaet al., 2013).
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Figura 7. Representacdo esquematica das principais vias moleculares que conduzem a
apoptose. Na via extrinseca por ligacdo a receptores especificos o DISC complexo é
formado e caspase 8 é ativada. Na via intrinseca de liberagdo de citocromo C das
mitocondrias resulta na formacdo do apoptossomo e a ativacdo da caspase 9. Ambas as
caspase 8 e 9, ativam a caspase 3, resultando em morte celular. Os dois percursos estéo
ligados através da clivagem de BID, proteina que contém dominios homdlogos aos

encontrados nas proteinas Bcl. Fonte: Favarolo et al., (2012).
36



Conforme foi relatado, nas vias de sinalizacdo celular ocorre a alteracdo de muitas
proteinas que estdo envolvidas tanto na replicacdo celular quanto na morte celular. A
abordagem protedmica tem permitido estudos em larga escala da expressdo proteica em
diferentes tecidos e fluidos corporais, em condi¢es e/ou momentos distintos. Ao longo das
ultimas décadas, avancgos consideraveis foram realizados, tanto no diagndstico precoce
quanto na precisdo do prognostico de muitos tipos de cancer, devido ao desenvolvimento de
novas estratégias protedmicas, no entanto, continua sendo dificil a padronizacdo das
abordagens protedmicas (Huang et al., 2016). Atualmente, a protedmica abrange diversos
campos de pesquisa, que se estendem desde o perfil proteico para analise das vias de
sinalizagdo até o desenvolvimento de métodos para testar biomarcadores proteicos. E
importante notar que dentro de cada area de pesquisa, sdo realizados questionamentos
cientificos distintos e, desta forma, devem ser aplicadas abordagens protedmicas diferentes,
sendo que estas abordagens podem variar amplamente quanto a sua versatilidade,
maturidade técnica, dificuldade e custo (Mallick & Kuster, 2010).

Duas tecnologias foram fundamentais para avanco recente e rapido da proteébmica: a
emergéncia de novas estratégias para 0 sequenciamento de peptideos usando a
espectrometria de massas (MS), incluindo o desenvolvimento das técnicas de soft ionizacéo,
tais como a ionizagdo por electronspray (ESI) e ionizagdo/dessorcdo a laser assistida por
matriz (MALDI); e segundo a automacdo da cromatografia liquida. Ambas as tecnologias
permitem a medida e a identificacdo de peptideos em uma taxa de milhares de sequencias
por analise com melhor sensibilidade em amostras biologicas complexas (Mallick & Kuster,
2010).

Entre os estudos protedmicos apresentados, a linhagem tumoral Hep-2 tem sido

utilizada como modelo experimental para avaliar o padréo proteico obtido apos tratamento
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com diversas drogas antitumorais, ou para fins diagndsticos e progndsticos (Bianchi et al.,
2011; Frozza et al., 2016; Kim et al., 2010), inclusive em 2014, o tecido de carcinoma de
laringe foi submetido a analise protebmica comparada ao tecido adjacente normal com busca
a alvos terapéuticos e de diagndstico (Li et al., 2014), sendo que neste trabalho foram
encontrados quatro novos biomarcadores e uma proteina (PFN1) relacionada a metéstase do
cancer de laringe. Embora haja ainda desafios, ndo existem dividas de que os resultados de
abordagens protedmicas sdo potencialmente Uteis em diversas areas da pesquisa clinica,
entre elas, diagnostico, monitoramento de resposta a terapia, predi¢do de desfecho clinico,
classificacdo de subtipos de doencas, determinacdo de riscos, caracterizacdo de vias
metabdlicas, quantificacdo de biomarcadores e geracdo de alvos terapéuticos (Walsh et al.,

2010).
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3. OBJETIVOS

3.1 OBJETIVO GERAL

Caracterizar quimicamente e avaliar o efeito antitumoral do extrato hidroalcodlico e
das fracdes da propolis vermelha em cultivos de células tumorais, visando ampliar 0s

conhecimentos dos mecanismos de acéo da prépolis.

3.2 OBJETIVOS ESPECIFICOS

» Fracionar o extrato hidroalcodlico da propolis vermelha;

» Caracterizar quimicamente 0s compostos presentes nas fragdes e no extrato
hidroalcodlico da propolis vermelha;

» Comparar o extrato hidroalcodlico da propolis vermelha de Sergipe e de Alagoas
qguimicamente e quanto a capacidade de induzir apoptose em células tumorais;

» Auvaliar a viabilidade celular frente ao efeito bioldgico do extrato hidroalcodlico
e das fracGes da propolis vermelha em culturas de células humanas tumorais;

» Auvaliar a morfologia celular e inducdo de apoptose das culturas tratadas com
extrato hidroalcoolico e fragdes da préopolis vermelha;

» Analisar a geracdo de espécies reativas de oxigénio, o potencial de membrana
mitocondrial e o ciclo celular nas células tumorais tratadas com extrato
hidroalcodlico e fracdes da propolis vermelha;

» Analisar o dano ao DNA plasmidial apds exposicdo ao extrato hidroalcoodlico e
fracOes da propolis vermelha;

» ldentificar e comparar as proteinas expressas em células tumorais e néo
tumorais, apds exposicdo ao extrato hidroalcodlico da préopolis vermelha

brasileira;
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CAPITULO 1

Proteomic analysis identifies differentially expressed proteins after red propolis
treatment in Hep-2 cells
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Here we investigated alterations in the protein profile of Hep-2 treated with red propolis using
two-dimensional electrophoresis associated to mass spectrometry and apoptotic rates of cells treated
with and without red propolis extracts through TUNEL and Annexin-V assays. A total of 325 spots were
manually excised from the two-dimensional gel electrophoresis and 177 proteins were identified using
LC-MS-MS. Among all proteins identified that presented differential expression, most were down-

Keywords: regulated in presence of red propolis extract at a concentration of 120 pg/mL (IC50): GRP78, PRDX2,
ﬁi?)_';mpons LDHB, VIM and TUBA1TA. Only two up-regulated proteins were identified in this study in the non-
Proteotaics cytotoxic (6 ug/mL) red propolis treated group: RPLPO and RAD23B. TUNEL staining assay showed a
Apoptosis markedly increase in the mid- to late-stage apoptosis of Hep-2 cells induced by red propolis at concen-
TUNEL trations of 60 and 120 pg/mL when compared with non-treated cells. The increase of late apoptosis was
Annexin-V confirmed by in situ Annexin-V analysis in which red propolis extract induced late apoptosis in a dose-

dependent manner. The differences in tumor cell protein profiles warrant further investigations including
isolation of major bioactive compounds of red propolis in different cell lines using proteomics and molec-
ular tests to validate the protein expression here observed.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Propolis is a natural resinous product of honeybees that has
been used for centuries in traditional medicine all over the world
(Burdock, 1998; Castaldo and Capasso, 2002; Daugsch et al.,
2008). The propolis’ composition varies according to its botanical
origin; generally contains resin, wax, pollen, essential and aromatic
oils (Lustosa et al., 2008; Sforcin, 2007). Since 2007, the red prop-
olis type from the northeast of Brazil has been an important source
of investigation by local and international research groups. Its
botanical origin is from Dalbergia ecastophyllum (L) Taud.
(Leguminosae), a plant that characterizes the red color found in

* Corresponding authors. Address: Universidade de Caxias do Sul, Rua Francisco
Getilio Vargas 1130, 95070-560 Caxias do Sul, RS, Brazil. Tel.: +55 54 3218 2100;
fax: +55 54 3218 2664 (M. Roesch-Ely).

E-mail address: mrely@ucs.br (M. Roesch-Ely).

0278-6915/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.fct.2013.11.003

the propolis (Daugsch et al., 2008; Franchi et al., 2012; Piccinelli
etal, 2011; Silva, 2007). Red propolis has shown several important
biological activities such as: antibacterial (Cabral et al., 2009; Righi
et al., 2011), antifungal (Siqueira et al., 2009), anti-inflammatory
(Barreto, 2008; de Almeida et al., 2013), antiulcerative (Pinheiro,
2009), antioxidant (Cabral et al., 2009; Righi et al., 2011), and
antitumor (Alencar et al., 2007; Li et al., 2008). The propolis antitu-
mor activity has been widely studied (Valente et al., 2011) because
of growing interest on strategies for prevention and treatment of
cancer (Akyol et al., 2013). The resistance mechanisms to cancer
drugs promote the development of new medicines with potential
source of novel bioactive molecules (Umthong et al., 2011).

We have recently reported that red propolis extracts are com-
posed of complex molecules and exhibits important biological
properties with capacity to scavenge free radicals and to inhibit
tumor cell growth in a selective manner when compared to
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non-tumor cell lines (Frozza et al., 2013). In the present study, we
used 2-DE associated to mass spectrometry to reveal the protein
profiles of Hep-2 cells and apoptotic rates of cells treated with
and without red propolis extracts through TUNEL and Annexin-V
assays.

2. Materials and methods
2.1. Red propolis sample and preparation of red propolis extract

Red propolis was collected in the year 2010, one sample per month, in the Cap-
ivara Apiary in Brejo Grande, state of Sergipe in the northeast of Brazil (10°28'25"S
and 36°26'12"W). The propolis was protected from light and frozen at —20 °C until
extract preparation was proceeded. The twelve samples of red propolis was ground
to a fine powder forming a pool and 1 g (dry weight) was mixed with 10 mL of
EtOH-H,0 70-30% (v/v) and shaken at room temperature for 24 h. After extraction,
the mixture was filtered and the solvent was evaporated and produced a red fine
powder. The dry extract was kept frozen at —20 °C and prepared at different con-
centrations with EtOH-H,0 50% (v/v), and finally filtered through a 0.22 pm polye-
thersulfone membrane (TPP, Techno Plastic Products, Switzerland). This sample
was chemically analyzed as well its antioxidant and antitumor activities, with re-
sults cited by Frozza et al. (2013).

2.2. Cell culture and red propolis treatment

Hep-2 (human laryngeal epidermoid carcinoma cells) was obtained by the
American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were grown
in Dulbecco’s modified eagle’s medium-high glucose (DMEM) supplemented with
10% (w/v) heat-inactivated fetal bovine serum (FBS) and 1% (w/v) penicillin—strep-
tomycin. The culture was maintained in a humidified atmosphere at 37 °C, 5% CO,
and 95% air. The study was performed when cells reached 70-80% confluence.

Cells (2.6 x 10%) were seeded into 75 cm? culture flasks with supplemented cul-
ture medium. After 24 h, cells were treated and exposed for 1 h at different propolis
concentrations. The negative control group (Group A) was treated with the same
amount of hydroalcoholic solution used in the group with propolis extract. The
other two groups received red propolis extract at two different concentrations,
6 ug/mL (Group B) and 120 pug/mL (Group C) in free FBS medium and incubated
at 37 °C in 5% CO,.

Extract concentrations were determinated according to previous 3{4,5-dimeth-
ylthiazol-2-yl1)-2,5-dipheyl-tetrazolium bromide (MTT) survival experiments re-
ported by our group (Frozza et al, 2013), showing non-cytotoxic dose (6 pg/mL)
and dose that inhibits cell growth by 50% — IC50 (120 pg/mL). Experimental proce-
dures were performed at least in triplicate.

2.3. Protein extraction

Cells were harvested and lysed in 0.5 mL of lysis buffer (7 M ureia, 2 M thiourea,
40 mM Tris base pH 8.5, 20 mM DTT, 4% (w/v) CHAPS and 1% (w/v) protease inhib-
itor). After 30 min at room temperature, shaking at 90 rpm, the lysate was scraped,
transferred into microtubes and centrifuged at 14,000 rpm for 30 min at 4 °C. The
supernatant was collected and frozen at —20 °C. The procedure was repeated twice
and a pool of extract was analyzed.

The samples were dialyzed for 24 h, at 4 °C, with gentle agitation on a magnetic
stirrer, changing four times Milli-Q water every 6 h. Bradford assay (BioRad Labora-
tories, Hercules, CA) was used to determine protein quantification according to
manufacturer's instructions. The samples were frozen at —80 °C, lyophilized (Lab-
conco FreeZone, Labconco Corporation, USA) and the pellets were suspended in
25 mM (w/v) Tris HCI pH 7.4 and processed with the Clean Up Kit (GE Healthcare,
USA).

2.4. 2-D gel electrophoresis

Protein extracts containing 900 pg of total protein were diluted in IPG rehydra-
tion buffer (7 M urea, 2 M thiourea, 4% (w/v) CHAPS, 1% (w/v) DTT, 0.01% (w/v) bro-
mophenol blue, 0.2% (v/v) ampholytes). The protein samples were refrigerated at
4 °C for 40 min and centrifuged at 20,800xg for 40 min at 20 °C. The supernatants
were loaded onto 17 cm IPG strips with pH 4-7 gradient. Proteins were focused
at 20°C according to the following program: 15min, 250V; 3 h, gradient to
10,000 V; 6 h, 10,000 V until 60 kVh in a Protean IEF cell system (BioRad Laborato-
ries, Hercules, CA). Samples were equilibrated for 15 min in a buffer containing 6 M
urea, 30% (v/v) glycerol, and 1% (w/v) DTT and for 15 min in the same buffer but
with DTT replaced by 4% (w/v) iodoacetamide. The second dimension was SDS-
PAGE in 12% polyacrylamide in a PROTEAN I1 xi 2D Cell apparatus (BioRad Labora-
tories, Hercules, CA). Electrophoresis was performed at 40 mA/gel for 30 min and at
50 mA/gel. The spots were stained with Colloidal Coomassie (2% (v/v) phosphoric
acid, 20% (v/v) methanol, 10% (w/v) ammonium sulfate, 0,05% (w/v) Coomassie Bril-
liant Blue G-250.

2.5. Image analysis of differential protein expression

Two-dimensional images were captured by scanning the stained gels with Im-
age Scanner 11l (GE Healthcare, USA), digitalized with LabScan™ v. 6.0 software and
analyzed with the ImageMaster™2D Platinum 7.0 software (GE Healthcare, USA).
Three gels of each treatment obtained from a pool of three independent cultures
were analyzed to guarantee representative results. Each treatment showed less
than 10% variability in the number of protein spots detected among replicates. Spot
normalization, as an internal calibration to make the data independent from exper-
imental variations among gels, was made using relative volumes to quantify and
compare the gel spots.

2.6. In-gel digestion and protein identification by mass spectrometry

The protein spots of interest were manually excised from Colloidal Commassie
stained gels by biopsy punches, placed in a microtube, and washed twice with 50%
(v/v) acetonitrile and 25 mM ammonium bicarbonate for 15 min each. Subsequent
washing with acetonitrile was performed before the samples dried at room temper-
ature and digested overnight using modified trypsin (Sigma) diluted in 25 mM
ammonium bicarbonate at 37 °C. Next, peptides were extracted in two washing
steps with 50% (v/v) acetonitrile and 5% (v/v) trifluoroacetic acid for 1 h and dried
in a vacuum centrifuge. To identify proteins, we used a liquid chromatography
(LC) separation (reversed-phase HPLC) (nanoACQUITY®, Waters, Milford, USA) cou-
pled with tandem mass spectrometry (MS) as detector with an electrospray ioniza-
tion (ESI) quadrupole and time-of-flight (Q-ToF) (Q-ToF Micro, Waters Micromass,
Milford, USA) coupled to a capillary liquid chromatography system (nanoAcquity
UPLC, Waters, Milford, USA). A nanoflow ESI source was used with a lockspray
source for lockmass measurement during all the chromatographic runs.

Peptides were identified by matching the measured monoisotopic masses to
theoretical monoisotopic masses generated using the MASCOT search via in silico
digest through the NCBI-NR (Non-Redundant Protein Sequences database). For pro-
tein identification, the resulting MS data was interpreted by MASCOT software {Ma-
trix Science, London, UK) against NCBInr database. During the database searching,
one missed cleavage per peptide was set as the maximum allowance, a mass toler-
ance of 0.2 Da, and MS/MS tolerance of 0.2 Da was also used according to prede-
fined protocol. Other possible variations, such as carbamidomethylation for
cysteine and oxidation for methionine, were also taken into account.

2.7. Flow cytometry TUNEL apoptosis assay

Hep-2 cells were treated with 6, 60 and 120 pg/mL of red propolis for 1 h, fol-
lowed by cultivation in extract-free medium for 24 h and the Guava™ TUNEL assay
(Guava Technologies) was conducted following the manufacturer's instructions.
Briefly, Hep-2 treated cells were subjected to cells fixation procedure with 50 pL
of 4% (w/v) paraformaldehyde in PBS for 60 min at 4 °C and then with 200 uL of
ice-cold 70% (v/v) ethanol at —20°C for at least 18 h. For staining procedure,
1.5 x 10* to 1.0 x 10° of fixed cells was washed twice and was added to 25 uL of
DNA Labeling Mix for 60 min at 37 °C. At the end of the incubation time, cells were
centrifuged and resuspended in 50 pL of the Anti-BrdU Staining Mix. Cells were
incubated in the dark at room temperature for 30 min and samples were acquired
on the flow cytometry (Guava® Flow Cytometry easyCyte™ System; Millipore Cor-
poration™), In this assay, terminal deoxynucleotidyl transferase (TdT) catalyzes the
incorporation of BrdU residues into the fragmenting nuclear DNA of apoptotic cells
at the 3'-hydroxyl ends by nicked-end labeling. TRITC-conjugated anti-BrdU anti-
body binds to the incorporated BrdU residues, labeling the mid- to late-stage apop-
totic cells.

2.8. Morphological examination of cancer cells

Cells were seeded into 24-well plates containing coverslips. After 24 h incuba-
tion, the cells were treated with red propolis hydroalcoholic extract at 6, 60 and
120 pg/mL for 1 h, followed by cultivation in extract-free medium for 24 h. The neg-
ative control group was treated with EtOH-H,0 50% (v/v) instead of extract for the
same period. Then they were stained with Giemsa Stain (Accustain® — Sigma-Al-
drich®) according standard giemsa procedure established by the supplier. Morpho-
logical changes of the cells were observed and photographed under a light
microscope at 200x (Olympus®).

2.9. Detection of late apoptosis by in situ analysis

Apoptotic cell death was detected and visualized by fluorescence microscopy
using Annexin-V staining. Apoptosis is associated with characteristic morphological
and biochemical changes, including cell shrinkage, membrane blebbing, chromatin
condensation, DNA fragmentation, and cell surface changes (Reed, 2000). Annexin is
presented in several cellular functions and mainly characterized by their ability to
reversibly interact with membranes in a calcium-dependent manner (Lizarbe et al.,
2013). Annexin-V is used for apoptosis detection in cell cultures, and also for in vivo
molecular imaging (Lizarbe et al., 2013). The assay is based on the observation of
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phosphatidylserine translocation to the cell surface during apoptosis in most cell
types and by many apoptotic stimuli. On the cell surface it can be detected by bind-
ing fluorochrome-tagged Annexin-V (Reed, 2000).

The Hep-2 cells were seeded into the coverslips into 24-well plates at 1.0 x 10°
cells/mL in 500 pL of supplemented culture media. After 24 h, cells were treated
with 60 and 120 pg/mL of red propolis extract and negative controls were treated
with the same amounts of hydroalcoholic solution, incubated at 37 °C in 5% CO;
for 1 h, followed by cultivation in extract-free medium for 24 h. Next, the medium
was removed and the cells were incubated with 2.5 pg/mL of Annexin V (abcam® —
ab14196) primary antibody diluted in biding buffer (Hepes 10 mM, NaCl 150 mM,
KC1 5 mM, MgCl, 1 mM, CaCl, 1.8 mM pH 7.4) for 30 min. They were washed once
with binding buffer, then incubate with 2.5 ug/mL Dylight® 488 (abcam® -
ab115637) secondary antibody. The cells in the late apoptosis or necrosis were
staining either with propidium iodate (Sigma-Aldrich® — P4170). Briefly, they were
fixed with formalin 4% for 15 min. The apoptosis was analyzed by fluorescent
microscope (Olympus®). The percentage of cells undergoing early (Annexin-V posi-
tive) or late (Annexin-V positive/Pl positive) apoptosis was estimated by counting
at least 500 cells in a total of three test and expressed as a percentage of the total
number of cells.

2.10. Statistical analysis

The results are expressed as the means + SD obtained from three independent
experiments. Statistical significance was evaluated using the Levene test followed
by analysis of variance (ANOVA) and Tukey's post-hoc test for Annexin-V assay,
for TUNEL was used Chi-Square test and for proteomic data, statistical analysis
was performed using t tests. A p-value <0.05 was considered significant using the
Statistical Package for Social Sciences (SPSS, version 19.0) for Windows.

3. Results

Protein spots were manually excised from 3 groups of pH 4-7
and 2-DE map gels that received different concentration of red
propolis extract compared to an untreated control group. Alto-
gether, 325 spots were excised and submitted to identification.
All spots from group A (control) were excised (n=251) and only
differentially expressed spots from the treated groups (B and C)
were submitted to identification according to differences in protein
profiles observed in the ImageMaster™ 2D Platinum software
(Fig. 1). Therefore, 65 spots were excised from group B and only
9 spots from group C. The identified proteins are listed in
Supplementary Table S1 and Table 1.

Altogether, MS allowed the identification of 177 proteins out of
325 spots analyzed. The molecular mass (MW) and the isoelectric
point (pl) of each protein spot were experimentally determined
and compared with theoretical molecular mass and pl taken from
Mascot database and are listed in Supplementary Table S1. Many of
the gel-estimated MW/pl corresponded well to the theoretical val-
ues. Different levels of post-translational modification, however,
could reveal distinct values from experimentally determined MW
and/or pl from the predicted ones. In addition, in most cases,
different isoforms were identified for a given protein.

All proteins identified were distributed according to the
Eukaryotic Orthologous Groups (KOG-NCBI) functional classifica-
tion (Supplementary Table S1). The proteins from control are pre-
sented in Supplementary Fig. S1 by percentage of their KOG
classification. Most of the proteins are related to posttranslational
modification, protein turmover and chaperones (O), cytoskeleton
(Z), translation, ribosomal structure and biogenesis (J), transcrip-
tion (K), RNA processing and modification (A) and intracellular
trafficking, secretion and vesicular transport (U). Only 8% of the
identified proteins could not be classified (X). Selections of identi-
fied proteins that presented expression in the control group and
were down- and up-regulated in the red propolis treated group
are represented with fold changes in Table 1.

Five proteins were identified as down-regulated in the group
treated with 120 pg/mL of hydroalcoholic extract of red propolis
(Fig. 1C) compared to the control group (Fig. 1A): 78 kDa glu-
cose-regulated protein (GRP78 - control spot 54/propolis IC50 spot
268), thiol-specific antioxidant protein (PRDX2 - control spot 122/

propolis IC50 spot 314), L-lactate dehydrogenase B chain (LDHB -
control spot 138/propolis IC50 spot 293), vimentin (VIM-control
spot 79/propolis IC50 spot 307) and alfa-tubulin (TUBA1A - control
spot 74/propolis IC50 spot 298). Two proteins were up-regulated in
the red-propolis treated group (Fig. 1B) using non-cytotoxic con-
centrations of extract (6 pg/mL) compared to the control group
(Fig. 1A): UV excision repair protein RAD23 homolog B isoforms
1 (RAD23B - control spot 67/propolis non-cytotoxic spot 321)
and 60 acidic ribosomal protein PO (RPLPO - control spot 143/prop-
olis non-cytotoxic spot 323). All spot numbers are presented in
Supplementary Table S1 and differential expressed proteins are
seen in Figs. 1 and 2, at a maximized perspective.

Some of the proteins identified above are related to induction or
suppression of apoptosis. Thus, tests were carried out to verify the
relationship between the extract of red propolis and apoptosis
induction. Red propolis activity has shown to promote apoptosis
in other cancer cells models like MCF-7 (Kamiya et al., 2012) and
Nalm16 (Franchi et al., 2012).

TUNEL staining assay was performed to further elucidate the
mid- to late-stage apoptosis of Hep-2 cells induced by red propolis.
TRITC-conjugated anti-BrdU antibody binds to the incorporated
BrdU residues in those cells that exposed 3’-hydroxyl ends in the
nuclear DNA, a characteristic feature of apoptotic cells. Fig. 3 dem-
onstrates that red propolis at concentrations of 60 and 120 pg/mL
presented a higher percentage (P <0.05) of TUNEL-staining cells
when compared with the control group, with mean values of
33.5%, 63.5% and 4.5%, respectively. Moreover, red propolis at
6 pg/mL presented a similar percentage of apoptosis compared
with the control group (4.7%) and no difference between these
two groups were observed (P < 0.05).

The examination of cancer cells through Giemsa staining re-
vealed altered morphological structure according to the concentra-
tion of red propolis extract used. The cells in the negative control
group that received hydroalcoholic solution of 50% (v/v) presented
a rounded-like morphology (Fig. 4A), surrounded by abundant
cytoplasm, well defined and intact, represented as healthy cells.
Similar morphological patterns were observed in the cell culture
that received 6 pg/mL red propolis extract treatment (Fig. 4B).
However, the cells that received treatment higher concentrations
ofred propolis like 60 pg/mL (Fig. 4C) and 120 pg/mL (Fig. 4D) pre-
sented detachment and shrinkage, indicating several biological
changes upon extract activity that suggests cytotoxic activity
against the tumor cell lineHep-2.

Red propolis extract induced apoptosis in Hep-2 cancer cells in
a dose-dependent manner. According to Fig. 5, Annexin-V labeling
without PI uptake (green fluorescence) indicates phosphatidylser-
ine detection on the external surface of an intact plasma mem-
brane. Pl staining (red fluorescence) in conjunction with
Annexin-V labeling (Merge - yellow fluorescence) indicates a com-
promised membrane that may result from either late apoptosis or
necrosis. According to Fig. 6 the signaling to late apoptosis/necrosis
increased in a significant way in the cells treated with 120 pg/mL
(98.46 + 0.77%) comparing with that ones that received 60 pg/mL
(8.68 +2.84%) of red propolis extract and control group
(1.26 £ 0.41%).

4. Discussion

We have recently shown that red propolis is composed of com-
plex molecules and exhibits important biological properties with
capacity to scavenge free radicals and to inhibit tumor cell growth
in a selective manner (Frozza et al., 2013). It is expected that prop-
olis affects the metabolism pathways and cellular activity after
treatment and cells may switch towards several different functions
before being rescued and programmed to die. To investigate how
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Fig. 1. 2-DE profiles of the control (A) and red propolis treated group (B, 6 ug/mL; C, 120 pug/mL). Total protein extracts were separated on pH 4-7, 17 cm IPG strips, following
by 12% SDS-PAGE and staining with CBB R-250. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Identification of differentially expressed proteins in Hep-2 cells from control and treated groups.
Gene name Expression (%Vol)* Fold change"” KOG’ Protein description
Control” Treatment” Control/treatment
120 pg/mL 6 ng/mL
DOWN-REGULATED
GRP78 0416 £ 0.022 0.208 +0.028 2.00 0 78 kDa Glucose-regulated protein precursor
PRDX2 0.272 £0.011 0.200 £ 0.010 1.36 (6] Thiol-specific antioxidant protein
LDHB 0.548 + 0.022 0.080 + 0.006 6.85 € 1-Lactate dehydrogenase B chain
VIM 0.167 £ 0.007 0.119 £0.010 1.40 A Vimentin
TUBA1A 0.193 £ 0.007 0.030 + 0.001 6.43 z Alfa-tubulin
UP-REGULATED
RAD23B 0.069 + 0.001 0.087 + 0.001 0.79 L UV excision repair protein RAD23 homolog B isoforms 1
RPLPO 0.240 £ 0.010 0.319 £ 0.002 0.75 ] 60 Acidic ribosomal protein PO

In t-test, all changes in%Vol between control and treated groups were significant (P < 0.05).
¢ %Vol represents a normalized value of a relative volume of a spot taken from ImageMaster™ 2D Platinum 7.0.
b Fold change (control vs. treatment) calculated dividing the% (vol) from control gels by the% (vol ) from propolis treated gels.
© KOG database functional classes: C — energy production and conversion; | - translation, ribosomal structure and biogenesis; L - replication, recombination and repair; O -

post-translational modification, protein turmnover, chaperons; Z — cytoskeleton.
9 Control group, treatment with hydroalcoholic solution instead of propolis.
¢ Propolis treated groups: 120 pg/mL (IC50) and 6 pg/mL (not cytotoxic).

red propolis extract modulates several cellular metabolic re-
sponses in Hep-2, this study generated protein profiles from cells
treated with or without red propolis extracts.

This is the first study using red propolis from northeast of Brazil
associated to 2-DE SDS-PAGE and mass spectrometry that reports
alterations in the protein profile using Hep-2 cells as experimental
model. The results showed differences in protein patterns between
the analyzed treated and untreated groups. There are several pro-
teomic studies on Hep-2 models submitted to a variety of extracts

and culture conditions, which allow the identification of differen-
tially expressed proteins (Bianchi et al., 2011; Mukhopadhyay
et al., 2006; Okoli et al., 2007; Rodrigues-Lisoni et al., 2010). So
far, however, there are no reports using proteomics with Brazilian
red propolis in any kind of tumor cell line.

Altogether, a total of 325 spots from both control and treated
groups were excised, in-gel digested with trypsin, and 177 proteins
were identified. Different isoforms were identified for a given pro-
tein, considering this, 113 different proteins were found. All spots
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Fig. 2. Magnified view expression profile of the 7 significant altered proteins: 5 down-regulated in the C panel from Figs. 1 and 2 up-regulated in the B panel form Fig. 1.
A = 80 1
Control
e § b
3 @ 60 4
a ]
O —— 2 40 b
e 2 3
60 pg/mL : j
3 2 204
23 = 2
k& & -
“ 10e0 101 Ve2 10e3 *"‘1‘;:.' . 10e0 10e1 ) We2 10e3 1004
»TRITC (+)

Fig. 3. TUNEL assay analysis of Hep-2 cells treated with 6, 60 and 120 pg/mL of red propolis and control group, after 1 h of exposure, followed by cultivation in extract-free
medium for 24 h. (A) Flow cytometry graphs and (B) percentage of mid- to late-apoptotic cells. Different letters (a and b) indicate significant differences between the means
and differences were considered significant at P < 0.05 (Chi-Square test).

A -
Fig. 4. Morphological structure of cancer cells Hep-2 through Giemsa Stain. (A) Control, (B) treatment with 6 pg/mL red propolis extract, (C) Treatment with 60 ug/mL red
propolis extract and (D) treatment with 120 pg/mL red propolis extract. (For interpretation of the references to color in this figure legend, the reader is referred to the web

version of this article.)

Annexin-V Propidium iodide Merge

Control
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Fig. 5. Detection of cell apoptosis by in situ Annexin-V immunostain. Tumor cells were grown on glass slides and treated for 1 h (control, 60 pg/mL, 120 ug/mL) and then were
submitted to indirect immunofluorescence, Representative photographs of the triplicate were taking under fluorescent microscopy at 200x. Healthy cells presented no
staining, early apoptotic cells (stained with Annexin-V) emitted green fluorescence and late apoptotic cells (stained with Annexin-V and Pl) are shown in yellow (Merge). The
cells stained only with Pl emitted red fluorescence. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

from the control group were digested and only a few selections ImageMaster™ 2D Platinum software. We have found several cases
of spots from the red propolis extract treated groups were in which more than one spot was assigned to the same protein.
removed according to differential protein maps generated from These variants or isoforms may be attributed to biologically
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Fig. 6. Percentage of cells immunostained in late apoptosis (Annexin V positive + PI
positive) by in situ analysis. Results were obtained from three independent
experiments expressed in median + SD. ‘represent statistical significance according
Levene test followed by analysis of variance and Tukey's post hoc test (p < 0.05).

important post-translational modifications, ranging from chemical
modifications to proteolytic cleavage. Among all proteins identified
that presented differential expression, the majority were down-
regulation in presence of red propolis extract at a concentration
of 120 pg/mL (IC50): GRP78, PRDX2, LDHB, VIM, TUBA1A (Table 1).

Cell rescue proteins like heat-shock (Hsps) or Hsp-related are a
family of proteins and examples of molecules involved in the deg-
radation or reactivation of damaged molecules and expected to be
up-regulated under stress conditions. Hsps are normally found in
response to stressful stimuli, including chemotherapeutic agents,
and response in carcinogenesis may be related to their activities
as chaperones, altering protein expression on tumor cells, espe-
cially proteins related to tumor progression and components of
the cell cycle (Myung et al., 2004). There are reports, however, indi-
cating down-regulation of some of the members of the heat-shock
protein family under stress conditions. HSp27 expression was re-
duced in human breast adenocarcinoma adriamycin-resistant and
paclitaxel-resistant cell lines in comparison to the parental cell
ones (Chuthapisith et al., 2007) and in human cells of hepatocarci-
noma in response to capsaicin treatment (Baek et al., 2008). We ob-
served that a member of the HSP70 family, the GRP78 protein, was
down-regulated in the propolis treated group. It has been previ-
ously reported that HSP27 and HSP70 function as antiapoptotic
proteins, while HSP60 and HSP10 as proapoptotic (Garrido et al.,
2001), which could explain the down-regulation of a member of
the HSP70 (GRP78) associated to cytotoxic response of propolis
in Hep-2 cells at IC50 levels.

GRP78 is a protein that modulates endoplasmatic reticulum
function showing prosurvival and anti-apoptotic properties in can-
cer metabolism (Chiu et al., 2008; Wang et al., 2009). It is believed
that GRP78 can interact and inhibit the activation of apoptosis
pathway components related to a series of molecules. It is reported
to be induced in a variety of cancer cells and drug-resistance lines
(Li and Lee, 2006). Chiu et al. (2008 ) demonstrated that knockdown
by siRNA of GRP78 reduced the malignant phenotype, inhibiting
cell growth and preventing cell migration and colony formation
on several types of head and neck cancers. Knockout of GRP78 also
seems to enhance apoptosis in colon cancer cells, generate resis-
tance to epirubicin (Chang et al.,, 2012) and paclitaxel (Mhaidat
et al, 2011). Chemoresistance of various cells correlates with
GRP78 expression and apoptosis inhibition (Jiang et al., 2009;
Wang et al., 2009; Zhang et al., 2006; Zhou et al., 2011). Despite
most studies indicate prosurvival and anti-apoptotic properties of
GRP78, some reports reveal the increase expression of this protein

upon treatment with drugs as vorinostat (Bianchi et al, 2011;
Kahali et al., 2010).

Tumors present a metabolic environment normally acidic, hyp-
oxic, and deprived from nutrients like glucose and amino acids, due
to rapid proliferation, elevated glucose intake, and sometimes poor
vascularization (Wang et al.,, 2009). Microenvironment of tumor
cells may be similar to a physiological stress condition and cells
manage to acquire a survival function (Koumenis, 2006), PRDX2
is a member of the peroxiredoxin family of antioxidant enzymes
(PRDX 1-6), which perform important functions in the mainte-
nance of the intracellular redox homeostasis (Shen et al., 2012).
Peroxiredoxins have been linked with regulation of proliferation,
differentiation, and cellular apoptosis (Park et al., 2006). Peroxire-
doxin 2 has been attributed to have both proliferative and antiap-
optotic functions, inducing carcinogenic changes (Noh et al., 2001).

A mechanism of protecting cancer cells from oxidative stress
and mediating resistance to therapy has been reported upon alter-
ations in PRDX2 expression. PRDX2 in glioma cells was decreased
by RNA silencing and increased hyperoxidation, suggesting a more
oxidizing redox environment, but apparently not altering levels of
other antioxidant enzymes, like catalase superoxide dismutase,
among others (Smith-Pearson et al., 2008). In addition, PRDX2 pro-
tein was shown to be up-regulated in radiation-resistant breast
cancer cells compared with radiation-sensitive breast cancer cells
and plays an important protective role from oxidative radical dam-
age (Wang et al., 2005). Another recent study compared the protein
expression of radiation-resistant lines of Hep-2 (RR-Hep-2) to
parental Hep-2 cells, where RR-Hep-2 acquired a more resistant
profile and anti-apoptotic phenotypes than the parental line (Kim
et al., 2010). Protein levels for PRDX2 were up-regulated in the
RR-Hep-2 cells, known to play a protection function against radia-
tion induced oxidative stress (Kim et al., 2010). Stresing et al.
(2012) have related that overexpression of PRDX2 in lung meta-
static cells effectively removes the intracellular Reactive Oxygen
Species (ROS), suggesting that this condition is favorable in the
lung microenvironment to metastatic cell colonization. Most
importantly, lung cells silenced for PRDX2 were significantly more
sensitive to oxidative stress than the parental cells. High PRDX2
expression has also been associated with renal tumors and tumors
with fewer metastases (Soini et al., 2006).

It is known that is important for developing an efficacious ther-
apy to monitor the ROS in cancer cells, since most of the chemo-
therapy substances induce ROS generation with the propose to
eliminate cancer cells by apoptosis through common molecular
pathways (Maiti, 2012). But prolonged treatment with combined
drugs may also bring deleterious consequences, like reduction in
ROS level, generating resistant cells with lower ROS content than
drug sensitive cancer cells (Maiti, 2012).

Sonveaux et al. (2008) proposed a “metabolic symbiosis” be-
tween regions of hypoxic and aerobic cancer cells in tumors, which
contain well-oxygenated (aerobic) and poorly oxygenated (hyp-
oxic) regions. The glucose is converted to lactate in human cancer
cells when cultured under hypoxic conditions, while well-oxygen-
ated cancer cells take up lactate via monocarboxylate transporter 1
(MCT1) and use it for oxidative phosphorylation by an oxygen-
dependent expression of lactate dehydrogenase (LDHB) (Semenza,
2008). LDH has a central function in cellular metabolism, showing
a tetrameric spatial conformation composed of 2 subunits (LDHA
and LDHB). Depending upon the LDH isoform and the concentra-
tion of pyruvate and lactate, the enzyme can interconvert these
two compounds. LDHB is a key enzyme that converts lactate to
pyruvate and its expression was significantly increased in primary
melanomas compared with nevi (Ho et al,, 2012). LDH is also ex-
pressed in breast tumors (Hussien and Brooks, 2011) and gastric
tumors (Liu et al., 2009).
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Recently, the role of LDHB was examined with loss-of function
studies using transfected maxillary sinus squamous cell carcinoma
and generated significant reduced in cell proliferation upon
down-regulation of LDHB (Kinoshita et al., 2012). These results
are in accordance to the down-regulation expression of LDHB ob-
served in this study. Cytotoxic activity of red propolis in the IC50
cell samples presented reduced expression for LDHB, suggesting
an inhibition on cell proliferation activity or a proapoptotic envi-
ronment. Apparently, overexpression of both isoforms A and B sug-
gests that pyruvate metabolism has been deviated from the
tricarboxylic acid cycle to lactic acid (Liu et al., 2009). The produc-
tion of aerobic lactate where the final step is executed by lactate
dehydrogenase is one of the characteristic phenotypes in invasive
tumor development, thus suppression of LDHB expression plays
important role in tumor invasiveness (Kim et al., 2011).

From the cytoskeleton compartment and organization, we have
identified a class Il intermediate filament protein vimentin (VIM),
which was down-regulation in the red propolis treated group.
Although vimentin is normally expressed in stromal cells, regula-
tion of its expression levels have been recently associated to many
epithelial transformed tumor cells. VIM is frequently overexpressed
in tumors undergoing epithelial to mesenchymal transition (EMT), a
condition correlated with invasiveness and poor prognosis (Bozzuto
et al, 2010). EMT is an important procedure necessary during
embryonic development, also associated to an invasive cancer phe-
notype (Gavert and Ben-Ze’ev, 2008), characterized by a modifica-
tion in the morphology with loss of polarity and contacts between
cells by the epithelial cells with increased vimentin expression
and concomitant decrease of E-cadherin (Chen et al.,, 2010).

Vimentin expression in epithelial tumors is considered a marker
of de-differentiation and aggressiveness, which has been recently
indicated as a novel therapeutic target (Lahat et al,, 2010) and a
promising serological marker in detecting metastatic potential in
human hepatocellular carcinoma cells (Pan et al, 2012). The
down-regulation of vimentin seems to be correlated with inhibi-
tion of tumor cell proliferation and invasion (Nodale et al., 2012).
Corroborating with our results, VIM was down-regulated in Hep-
2 cells under vorinostat and/or gefitinib treatment (Bianchi et al.,
2011), in the erlotinib-sensitive head and neck cancer cells
(Haddad et al., 2009) and in chemotherapy resistance breast cancer
tissues (Hodgkinson et al., 2012).

Also as part of a group of the cytoskeleton compartment, the
microfilament-associated tubulin alpha-1A chain (TUBA1A) is a
major constituent of microtubules, also down-regulated in this
study. Cytoskeletal proteins play an important role in a series of
cell functions like as mitotic progression, proper positioning of
the nucleus, cell motility, actin filament growth, mitochondrial
tubulation, among others. In the structure of the cytoskeletal
microtubules are the o and B-tubulins (Sahab et al., 2012). Identi-
fication of differential modifications in tubulin is especially impor-
tant in the research area of cancer therapeutics. These proteins are
very significant in cell division, which make them interesting tar-
gets for anticancer drug development (Kavallaris, 2010). Drugs
elaborated with natural products that target the tubulin and the
microtubule system, also known as anti-mitotics, are considered
a crucial component in combination chemotherapy for the treat-
ment of many cancers (Kavallaris, 2010).

The two up-regulated proteins identified in this study were
from the non-cytotoxic (6 pg/mL) red propolis treated group. One
of the proteins is a constituent of ribosome, the 60S acidic ribo-
somal protein PO (RPLPO), the other protein identified is related
to the DNA-repair machinery, the UV excision repair protein
RAD23 homolog B isoforms 1 (RAD23B).

RAD23B is involved in nucleotide excision repair (NER) in hu-
mans by acting as a component of the XPC complex and a sensor
to bind at the sites of DNA damage (Janicijevic et al, 2003;

Sugasawa et al., 2009). The XPC complex recognizes a wide spec-
trum of damaged DNA characterized by distortions of the DNA he-
lix (Sugasawa et al., 2009). Together with other recognition factors
like XPA and RPA, RAD23B is part of the pre-incision (or initial rec-
ognition) process of DNA repair and preferentially binds to plati-
num based chemotherapeutic agents, like cisplatin and UV-
damaged double-stranded DNA (Neher et al., 2010). A recent mod-
el in which XPC-RAD23B is the actual damage sensor has been pro-
posed, since after recognition RAD23B displays the XPC damage-
binding sites by decoupling it, permitting XPC (without RAD23B)
to stably bind the DNA damage (Bergink et al., 2012).

DNA repair mechanisms are important for maintaining DNA
integrity and preventing carcinogenesis. The presence of RAD23B
protein was observed in damage recognition and DNA repair of
smoking and alcohol induced DNA bulky adducts in laryngeal can-
cer risk (Abbasi et al., 2009). RAD23B was identified among a group
of up-regulated proteins that were differentially expressed as a
result of transformation following deletion of the p53 gene in lym-
phomas (Honore et al., 2008). We have identified up-regulation of
RAD23B in cells treated with low concentrations of red propolis
(6 ng/mL), where no cytotoxic activity was presented. However,
as cytotoxic activity started and presumably an apoptotic environ-
ment established, RAD23B expression in cells treated with higher
concentrations of red propolis (120 pg/mL) was altered. Upon high-
er concentrations of propolis, cells were signaled to a proapoptotic
profile and RAD23 dependent DNA-repair was no more requested.

Brockstedt et al. (1998) investigated human apoptosis-associ-
ated proteins to lymphoma cell line and found up-regulation of
UV excision repair protein RAD23B and 60S acidic ribosomal pro-
tein PO (RPLPO) on the 2-DE pattern of non-apoptotic cell group.
The apoptosis pathways are activated when other cellular response
pathways will not be efficient enough (Friedberg, 2001).

RPLPO is a protein component of the 60S subunit of the ribo-
some, localized in both cytoplasm and nucleus, which is involved
in mRNA translation. Recent reports pointed to an up-regulation
of RPLPO under stress conditions induced by the pro-apoptotic
agent tumor necrosis factor related-apoptosis-inducing-ligand
(TRAIL) in breast cancer cells (Wilmet et al., 2011) and in plati-
num-based chemotherapy for cisplatin-resistant lung cancer line
(Kageyama et al,, 2011). Alternative regulation for RPLPO was re-
ported in proteomic approach to study global changes in protein
expression in Ras-transformed NIH3T3 mouse fibroblast cell lines
(presenting overexpression of Ras), showing down-regulation of
RPLPO in Ras transformed cells. Ras oncoproteins play important
role in the malignancy through apoptosis, invasion and deregula-
tion of cellular growth of tumors (Ji et al, 2007). Phosphor 60S
acidic ribosomal protein PO was reduced by the action of oxythi-
amine (OT) into pancreatic cells, OT has been demonstrated in
many studies to reduce cancer cell proliferation through inhibition
of the cell cycle (Zhang et al., 2010). A recent proteomic report using
yeast cells model showed that grapefruit seed extract induced
apoptosis by down-regulation of the mitochondrial 60S ribosomal
compartment (L-14A) and up-regulation of RPLPO (Cao et al., 2012).

Traditional anticancer treatments, such as chemotherapy and
radiotherapy, destroy tumor cells primarily by the induction of
apoptosis (Vangestel et al., 2009). The great number of publica-
tions on the antitumor action of propolis and its compounds re-
veals their potential in the development of new anticancer
agents (Sforcin and Bankova, 2011) since that propolis and its
compounds have influence in the apoptotic process on cancer cells
(Sawicka et al., 2012). Several in vitro studies have shown a proa-
poptotic effect of propolis in different types of cancer cell lines
such as MCF-7 (Seda Vatansever et al., 2010), Hela (Orsolic and
Basic, 2003) and HL-60 (Eom et al., 2010). The apoptosis mecha-
nism induced by propolis seems to be through activating
caspase-dependent pathway (Aso et al., 2004), however it can
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be dependent on the type of substances and the concentration of
the propolis extract (Sawicka et al., 2012; Watanabe et al., 2011).
Our TUNEL and Annexin-V data showed that red propolis treat-
ment markedly increased the mid- to late-apoptotic levels of
Hep-2 cells after treatment, which are in agreement with protein
profiles from cells treated with red propolis, demonstrated by al-
tered morphology and thus potentially may be an effective anti-
cancer agent for this kind of cancer cells.

In summary, we were able to identify candidate proteins that
participate of the regulatory metabolism of Hep-2 cells upon red
propolis treatment. Among all proteins identified with different
expression, most were down-regulated in the propolis treated
cells. Hep-2 cells treated with red propolis revealed differentially
expressed proteins related to energy production and conversion,
carbohydrate transport and metabolism, post-translational modifi-
cation, protein turnover and chaperons, cytoskeleton, ribosomal
structure and repair pathway. These differences in tumor cell pro-
tein profiles warrant further investigations focusing on protein val-
idation trough in situ studies and protein identification of other
tumor lines treated with red propolis extracts.

5. Conclusions

Our group has previously reported that red propolis from Brazil
is composed of complex molecules and exhibits important biolog-
ical properties with capacity to scavenge free radicals and to inhi-
bit tumor cell growth in a selective manner. Our results show that
red propolis interacts with a whole set of intracellular events and
turns to be a promising candidate to inhibit cell growth and con-
tribute to different steps related to the carcinogenesis process. Ef-
fects of some of the proteins here and elsewhere identified that
contribute to regulate the metabolism may provide further appli-
cations as molecular targets of therapeutic intervention for several
cancer types, including the ones found for Hep-2. Cell-based pro-
teomic assays are particularly valuable when searching for thera-
peutic agents once they can reveal activity against a particular
molecular target and present desirable properties such as the pro-
tein-protein interactions to permeate cells and to retain biological
activity. Although the molecular mechanisms by which red propo-
lis interacts with cell metabolism remains still unclear, further
studies including isolation of major bioactive compounds of red
propolis in different tumor and non-tumor cell lines using proteo-
mics and molecular tests to validate the differential protein
expression here observed will contribute to elucidate the antioxi-
dant and anticancer activities reported.

6. Conflict of Interest

The authors declare that there are no conflicts of interest.

Acknowledgements

This work was supported by CAPES and FAPERGS.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.fct.2013.11.003.

References

Abbasi, R., Ramroth, H., Becher, H., Dietz, A, Schmezer, P., Popanda, O., 2009.
Laryngeal cancer risk associated with smoking and alcohol consumption is
modified by genetic polymorphisms in ERCC5, ERCC6 and RAD23B but not by
polymorphisms in five other nucleotide excision repair genes. Int. |. Cancer 125,
1431-1439.

Akyol, S., Ozturk, G., Ginis, Z, Armutcu, F., Yigitoglu, M.R., Akyol, O., 2013. In vivo
and in vitro antineoplastic actions of caffeic acid phenethyl ester (CAPE):
therapeutic perspectives. Nutr. Cancer 65, 515-526.

Alencar, S.M., Oldoni, T.L, Castro, M.L., Cabral, LS., Costa-Neto, C.M., Cury, J.A.,
Rosalen, P.L,, lkegaki, M., 2007. Chemical composition and biological activity of
a new type of Brazilian propolis: red propolis. . Ethnopharmacol. 113, 278-283.

Aso, K., Kanno, S., Tadano, T, Satoh, S., Ishikawa, M., 2004. Inhibitory effect of
propolis on the growth of human leukemia U937. Biol. Pharm. Bull. 27, 727-
730.

Baek, Y.M., Hwang, H J., Kim, SW., Hwang, H.S,, Lee, S.H., Kim, .A,, Yun, [W,, 2008. A
comparative proteomic analysis for capsaicin-induced apoptosis between
human hepatocarcinoma (HepG2) and human neuroblastoma (SK-N-SH)
cells. Proteomics 8, 4748-4767.

Barreto, A.LS., 2008. Estudo histomorfologico do efeito de membranas de colageno
contendo propolis vermelha sobre o processo de reparo cicatricial por segunda
inten¢do em ratos. Universidade Tiradentes, Aracaju.

Bergink, S. Toussaint, W., Luijsterburg, M.S., Dinant, C., Alekseev, S,
Hoeijmakers, J.H, Dantuma, N.P., Houtsmuller, AB., Vermeulen, W,
2012. Recognition of DNA damage by XPC coincides with disruption of
the XPC-RAD23 complex. J. Cell Biol. 196, 681-688.

Bianchi, L., Bruzzese, F., Leone, A,, Gagliardi, A., Puglia, M., Di Gennaro, E., Rocco, M.,
Gimigliano, A, Pucci, B, Armini, A, Bini, L, Budillon, A., 2011. Proteomic
analysis identifies differentially expressed proteins after HDAC vorinostat and
EGFR inhibitor gefitinib treatments in Hep-2 cancer cells. Proteomics 11, 3725-
3742,

Bozzuto, G., Ruggieri, P, Molinari, A.,, 2010. Molecular aspects of tumor cell
migration and invasion. Ann. Ist Super Sanita 46, 66-80.

Brockstedt, E., Rickers, A., Kostka, S., Laubersheimer, A, Dorken, B, Wittmann-
Liebold, B., Bommert, K, Otto, A., 1998. Identification of apoptosis-
associated proteins in a human Burkitt lymphoma cell line. Cleavage of
heterogeneous nuclear ribonucleoprotein Al by caspase 3. |. Biol. Chem.
273, 28057-28064.

Burdock, G.A., 1998. Review of the biological properties and toxicity of bee propolis
(propolis). Food Chem. Toxicol. 36, 347-363.

Cabral, LS.R, Oldoni, T.L.C, Prado, A. Bezerra, RM.N., Alencar, SM.d., 2009.
Composi¢ao fendlica, atividade antibacteriana e antioxidante da propolis
vermelha brasileira. Quim Nova 32, 1523-1527.

Cao, S., Xu, W,, Zhang, N., Wang, Y., Luo, Y., He, X,, Huang, K., 2012. A mitochondria-
dependent pathway mediates the apoptosis of GSE-induced yeast. PLoS One 7,
32943,

Castaldo, S., Capasso, F., 2002. Propolis, an old remedy used in modern medicine.
Fitoterapia 73, S1-S6.

Chang, YJ., Huang, Y.P, Li, ZL, Chen, C.H., 2012. GRP78 knockdown enhances
apoptosis via the down-regulation of oxidative stress and Akt pathway after
epirubicin treatment in colon cancer DLD-1 cells. PLoS One 7, e35123.

Chen, LF., Cohen, E.E, Grandis, |.R., 2010. New strategies in head and neck cancer:
understanding resistance to epidermal growth factor receptor inhibitors, Clin.
Cancer Res. 16, 2489-2495.

Chiu, C.C, Lin, CY,, Lee, LY., Chen, Y., Kuo, T.F., Chang, ].T, Liao, C.T.,, Wang, H.M,,
Yen, T.C., Shen, CR,, Liao, S.K., Cheng, A.J., 2008. Glucose-regulated protein 78
regulates multiple malignant phenotypes in head and neck cancer and may
serve as a molecular target of therapeutic intervention. Mol. Cancer Ther. 7,
2788-2797.

Chuthapisith, S., Layfield, R., Kerr, LD., Hughes, C., Eremin, O., 2007. Proteomic
profiling of MCF-7 breast cancer cells with chemoresistance to different types of
anti-cancer drugs. Int. J. Oncol. 30, 1545-1551.

Daugsch, A., Moraes, C.S,, Fort, P,, Park, Y.K,, 2008. Brazilian red propolis—chemical
composition and botanical origin. Evid Based Complement Alternat Med 5, 435-
441,

de Almeida, E.B., Cordeiro Cardoso, J., Karla de Lima, A, de Oliveira, N.L, de Pontes-
Filho, N.T., Oliveira Lima, S., Leal Souza, 1.C,, de Albuquerque-Junior, R.L,, 2013.
The incorporation of Brazilian propolis into collagen-based dressing films
improves dermal burn healing. J. Ethnopharmacol. 147, 419-425.

Eom, HS, Lee, EJ., Yoon, B.S,, Yoo, BS., 2010. Propolis inhibits the proliferation of
human leukaemia HL-60 cells by inducing apoptosis through the mitochondrial
pathway. Nat. Prod. Res. 24, 375-386.

Franchi Jr, G.C., Moraes, C.S., Toreti, V.C,, Daugsch, A., Nowill, AE., Park, Y.K,, 2012.
Comparison of effects of the ethanolic extracts of brazilian propolis on human
leukemic cells as a d with the MTT assay. Evid Based Complement Alternat
Med. http://dx.doi.org/10.1155/2012/918956.

Friedberg, E.C., 2001. How nucleotide excision repair protects against cancer. Nat.
Rev. Cancer 1, 22-33,

Frozza, CO., Garcia, CS., Gambato, G., de Souza, M.D., Salvador, M., Moura,
S., Padilha, F.F, Seixas, FK, Collares, T. Borsuk, S., Dellagostin, O.A,
Henriques, J.A.,, Roesch-Ely, M., 2013. Chemical characterization,
antioxidant and cytotoxic activities of Brazilian red propolis. Food
Chem. Toxicol. 52, 137-142.

Garrido, C., Gurbuxani, S., Ravagnan, L., Kroemer, G., 2001, Heat shock proteins:
endogenous modulators of apoptotic cell death. Biochem. Biophys. Res.
Commun. 286, 433-442,

Gavert, N., Ben-Ze'ev, A., 2008. Epithelial-mesenchymal transition and the invasive
potential of tumors, Trends Mol. Med. 14, 199-209.

Haddad, Y., Choi, W., McConkey, D.]., 2009. Delta-crystallin enhancer binding factor
1 controls the epithelial to mesenchymal transition phenotype and resistance to
the epidermal growth factor receptor inhibitor erlotinib in human head and
neck squamous cell carcinoma lines. Clin, Cancer Res. 15, 532-542.

48



C.0. da Silva Frozza et al./ Food and Chemical Toxicology 63 (2014) 195-204 203

Ho, J., Barbi de Moura, M., Lin, Y., Vincent, G., Thorne, S., Duncan, LM, Lin, H.M.,
Kirkwood, .M., Becker, D., van Houten, B., Moschos, S., 2012. Importance of
glycolysis and oxidative phosphorylation in advanced melanoma. Mol. Cancer
11, 76.

Hodgkinson, V.C., Agarwal, V., D, EL, Fox, |.N,, McManus, P.L, Mahapatra, TK.,
Kneeshaw, PJ., Drew, P, Lind, MJ., Cawkwell, L., 2012. Pilot and feasibility
study: comparative proteomic analysis by 2-DE MALDI TOF/TOF MS reveals 14-
3-3 proteins as putative biomarkers of response to neoadjuvant chemotherapy
in ER-positive breast cancer. J. Proteomics 75, 2745-2752.

Honore, B, Buus, S., Claesson, M.H., 2008. Identification of differentially expressed
proteins in spontaneous thymic lymphomas from knockout mice with deletion
of p53. Proteome Sci. 6, 18.

Hussien, R, Brooks, G.A., 2011. Mitochondrial and plasma membrane lactate
transporter and lactate dehydrogenase isoform expression in breast cancer cell
lines. Physiol. Genomics 43, 255-264.

Janicijevic, A., Sugasawa, K., Shimizu, Y., Hanaoka, F., Wijgers, N., Djurica, M.,
Hoeijmakers, J.H., Wyman, C, 2003. DNA bending by the human damage
recognition complex XPC-HR23B. DNA Repair (Amst) 2, 325-336.

Ji, H., Moritz, RL, Kim, Y.S., Zhu, HJ., Simpson, R.J., 2007. Analysis of Ras-induced
oncogenic transformation of NIH-3T3 cells using differential-display 2-DE
proteomics. Electrophoresis 28, 1997-2008.

Jiang, C.C.,, Mao, Z.G., Avery-Kiejda, K.A,, Wade, M., Hersey, P., Zhang, X.D., 2009.
Glucose-regulated protein 78 antagonizes cisplatin and adriamycin in human
melanoma cells. Carcinogenesis 30, 197-204.

Kageyama, T., Nagashio, R., Ryuge, S., Matsumoto, T., Iyoda, A, Satoh, Y., Masuda, N.,
Jiang, S.X, Saegusa, M., Sato, Y., 2011. HADHA is a potential predictor of
response to platinum-based chemotherapy for lung cancer. Asian Pac. |. Cancer
Prev. 12, 3457-3463.

Kahali, S, Sarcar, B, Fang, B., Williams, E.S., Koomen, J.M.,, Tofilon, PJ., Chinnaiyan,
P., 2010. Activation of the unfolded protein response contributes toward the
antitumor activity of vorinostat. Neoplasia 12, 80-86.

Kamiya, T., Nishihara, H., Hara, H., Adachi, T., 2012. Ethanol extract of Brazilian red
propolis induces apoptosis in human breast cancer MCF-7 cells through
endoplasmic reticulum stress. J. Agric. Food Chem. 60, 11065-11070.

Kavallaris, M., 2010. Microtubules and resistance to tubulin-binding agents. Nat.
Rev. Cancer 10, 194-204.

Kim, J.S., Chang, |W., Yun, HS., Yang, KM, Hong, EH. Kim, D.H., Um, HD,,
Lee, KH., Lee, SJ., Hwang, S.G., 2010. Chloride intracellular channel 1
identified using proteomic analysis plays an important role in the
radiosensitivity of HEp-2 cells via reactive oxygen species production.
Proteomics 10, 2589-2604.

Kim, J.H., Kim, EL, Lee, YK, Park, C.B., Kim, BW., Wang, HJ., Yoon, C.H, Lee, S.].,
Yoon, G.,2011. Decreased lactate dehydrogenase B expression enhances claudin
1-mediated hepatoma cell invasiveness via mitochondrial defects. Exp. Cell Res.
317, 1108-1118.

Kinoshita, T., Nohata, N., Yoshino, H., Hanazawa, T., Kikkawa, N., Fujimura, L,
Chiyomaru, T., Kawakami, K., Enokida, H., Nakagawa, M., Okamoto, Y., Seki, N.,
2012. Tumor suppressive microRNA-375 regulates lactate dehydrogenase B in
maxillary sinus squamous cell carcinoma. Int. J. Oncol. 40, 185-193.

Koumenis, C., 2006. ER stress, hypoxia tolerance and tumor progression. Curr. Mol
Med. 6, 55-69.

Lahat, G., Zhu, Q.S., Huang, K.L, Wang, S., Bolshakov, S, Liu, |, Torres, K., Langley,
RR., Lazar, AJ., Hung, M.C, Lev, D., 2010. Vimentin is a novel anti-cancer
therapeutic target; insights from in vitro and in vivo mice xenograft studies.
PLoS One 5, e10105.

Li, J., Lee, A.S., 2006. Stress induction of GRP78/BiP and its role in cancer. Curr. Mol.
Med. 6, 45-54.

Li, F, Awale, S, Tezuka, Y., Kadota, S., 2008. Cytotoxic constituents from Brazilian
red propolis and their structure-activity relationship. Bioorg. Med. Chem. 16,
5434-5440.

Liu, R, Li, Z, Bai, S., Zhang, H., Tang, M., Lei, Y., Chen, L, Liang, S., Zhao, Y.L., Wei, Y.,
Huang, C., 2009. Mechanism of cancer cell adaptation to metabolic stress:
proteomics identification of a novel thyroid hormone-mediated gastric
carcinogenic signaling pathway. Mol. Cell Proteomics 8, 70-85.

Lizarbe, M.A, Barrasa, J.I, Olmo, N. Gavilanes, F., Turnay, J., 2013. Annexin-
phospholipid interactions. Functional implications. Int. J. Mol. Sci. 14, 2652-
2683.

Lustosa, S.R., Galindo, A.B., Nunes, L.C.C, Randau, K.P., Neto, PJ.R., 2008. Propolis:
atualizacdes sobre a quimica e a farmacologia. Rev. Bras. Farmacogn. 18, 447-
454,

Maiti, AK., 2012. Reactive oxygen species reduction is a key underlying mechanism
of drug resistance in cancer chemotherapy. Chemotherapy 1. http://dx.doi.org/
10.4172/2167-7700.1000104.

Mhaidat, N. Jaradat, S., Aldaher, A, Ghabkari, A, 2011. Inhibition of GRP78
sensitizes colorectal cancer cells to paclitaxel-induced apoptosis by activation
of caspase-4. Int. |. Biol. Biomed. Eng. 5, 41-48.

Mukhopadhyay, S., Good, D., Miller, R.D., Graham, ].E., Mathews, S.A,, Timms, P.,
Summersgill, J.T., 2006. Identification of Chlamydia pneumoniage proteins in the
transition from reticulate to elementary body formation. Mol. Cell Proteomics 5,
2311-2318.

Myung, |.K, Afjehi-Sadat, L., Felizardo-Cabatic, M., Slavc, I, Llubec, G. 2004.
Expressional patterns of chaperones in ten human tumor cell lines. Proteome
Sci. 2, 8.

Neher, T.M., Rechkunova, N.L, Lavrik, O.1, Turchi, JJ., 2010. Photo-cross-linking of
XPC-Rad23B to cisplatin-damaged DNA reveals contacts with both strands of
the DNA duplex and spans the DNA adduct. Biochemistry 49, 669-678.

Nodale, C., Sheffer, M., Jacob-Hirsch, ]., Folgiero, V., Falcioni, R, Aiello, A, Garufi, A.,
Rechavi, G., Givol, D., D'Orazi, G., 2012. HIPK2 downregulates vimentin and
inhibits breast cancer cell invasion. Cancer Biol. Ther. 13, 198-205.

Noh, D.Y., Ahn, S J., Lee, R.A,, Kim, S.W.,, Park, LA., Chae, H.Z., 2001. Overexpression of
peroxiredoxin in human breast cancer. Anticancer Res, 21, 2085-2090.

Okoli, AS., Fox, EM., Raftery, M., Mendz, G.L, 2007. Effects of Helicobacter
hepaticus on the proteome of HEp-2 cells. Antonie Van Leeuwenhoek 92, 289-
300.

Orsolic, N., Basic, 1, 2003. Immunomodulation by water-soluble derivative of
propolis: a factor of antitumor reactivity. |. Ethnopharmacol. 84, 265-273.
Pan, T.L, Wang, P.W,, Huang, C.C, Yeh, C.T.,Hu, T.H., Yu, | S., 2012. Network analysis
and proteomic identification of vimentin as a key regulator associated with
invasion and metastasis in human hepatocellular carcinoma cells. |. Proteomics

75, 4676-4692.

Park, |.H., Kim, Y.S., Lee, H.L,, Shim, ].Y., Lee, K.S., Oh, Y., Shin, 8., Choi, Y.H., Park,
KJ., Park, RW,, Hwang, S.C., 2006. Expression of peroxiredoxin and thioredoxin
in human lung cancer and paired normal lung. Respirology 11, 269-275.

Piccinelli, AL, Lotti, C, Campone, L. Cuesta-Rubio, 0., Campo Fernandez, M.,
Rastrelli, L, 2011. Cuban and Brazilian red propolis: botanical origin and
comparative analysis by high-performance liquid chromatography-photodiode
array detection/electrospray ionization tandem mass spectrometry. J. Agric.
Food Chem. 59, 6484-6491.

Pinheiro, M.S., 2009. Avalia¢do da atividade antimicrobiana e citoprotetora gastrica
dos extratos de mangaba, caju e prépolis vermelha. Universidade Tiradentes,
Aracaju.

Reed, ].C., 2000. Methods in Enzymology. Academic Press, San Diego, CA.

Righi, AAA., Alves, T.R, Negri, G., Marques, L.M., Breyer, H., Salatino, A, 2011.
Brazilian red propolis: unreported substances, antioxidant and antimicrobial
activities. J. Sci. Food Agric. 91, 2363-2370.

Rodrigues-Lisoni, F.C,, Peitl Jr, P, Vidotto, A, Polachini, G.M., Maniglia, L.V,
Carmona-Raphe, J., Cunha, BR. Henrique, T. Souza, CF., Teixeira, RA.,
Fukuyama, E.E., Michaluart Jr., P., de Carvalho, M.B,, Oliani, S.M., Head Neck
Genome Project, G., Tajara, EH., Cury, P.M,, de Carvalho, M.B., Dias-Neto, E.,
Figueiredo, D.L., Fukuyama, E.E., Gois-Filho, ].F., Leopoldino, AM., Mamede, R.C.,
Michaluart-Junior, P., Moyses, RA., Nobrega, F.G., Nobrega, M.P., Nunes, F.D.,
Ojopi, EF, Serafini, LN., Severino, P, Silva, A.M,, Silva Jr, WA, Silveira, NJ.,
Souza, S.C, Tajara, E.H., Wunsch-Filho, V., Amar, A., Bandeira, C.M., Braconi,
M.A,, Brandao, L.G,, Brandao, RM,, Canto, AL, Cerione, M., Cicco, R,, Chagas, M.J.,
Chedid, H., Costa, A,, Cunha, B.R,, Curioni, O.A,, Fortes, C.S., Franzi, S.A., Frizzera,
AP, Gazito, D., Guimaraes, P.E, Kaneto, CM., Lopez, RV, Macarenco, R.,
Magalhaes, M.R., Meneses, C., Mercante, AM., Pinheiro, D.G., Polachini, G.M,,
Rapoport, A,, Rodini, C.0., Rodrigues-Lisoni, F.C,, Rodrigues, R.V., Rossi, L., Santos,
AR, Santos, M., Settani, F., Silva, F.A, Silva, LT., Souza, T.B., Stabenow, E.,
Takamori, J.T., Valentim, P.J., Vidotto, A., Xavier, F.C., Yamagushi, F., Cominato,
M.L, Correa, P.M., Mendes, G.S., Paiva, R., Ramos, 0., Silva, C, Silva, M., Tarla,
M.V, 2010. Genomics and proteomics approaches to the study of cancer-stroma
interactions. BMC Med. Genomics 3, 14,

Sahab, Z]., Kirilyuk, A., Zhang, L., Khamis, ZI., Pompach, P,, Sung, Y., Byers, SW.,
2012. Analysis of tubulin alpha-1A/1B C-terminal tail post-translational poly-
glutamylation reveals novel modification sites. ]. Proteome Res. 11, 1913-1923.

Sawicka, D., Car, H., Borawska, M.H., Niklinski, J., 2012, The anticancer activity of
propolis. Folia Histochem. Cytobiol. 50, 25-37.

Seda Vatansever, H., Sorkun, K., Ismet Deliloglu Gurhan, S., Ozdal-Kurt, F., Turkoz, E.,
Gencay, 0., Salih, B, 2010. Propolis from Turkey induces apoptosis through
activating caspases in human breast carcinoma cell lines. Acta Histochem. 112,
546-556.

Semenza, G.L., 2008. Tumor metabolism: cancer cells give and take lactate. J. Clin.
Invest. 118, 3835-3837.

Sforcin, ].M., 2007. Propolis and the immune system: a review. J. Ethnopharmacol.
113,1-14.

Sforcin, .M., Bankova, V., 2011. Propolis: is there a potential for the development of
new drugs? |. Ethnopharmacol. 133, 253-260.

Shen, K., Rice, S.D., Gingrich, D.A.,, Wang, D., Mi, Z,, Tian, C., Ding, Z., Brower, S.L,
Ervin Jr,, P.R,, Gabrin, M ], Tseng, G., Song, N., 2012. Distinct genes related to
drug response identified in ER positive and ER negative breast cancer cell lines.
PLoS One 7, e40900.

Silva, M.S.e.C., 2007. Estudo do efeito da fracdo BRVD obtida a partir da prépolis
brasileira tipificada, na proliferagdo de células tumorais. Universidade de Sao
Paulo, Sdo Paulo,

Siqueira, A.B., Gomes, B.S., Cambuim, I, Maia, R., Abreu, S., Souza-Motta, CM., de
Queiroz, LA, Porto, AL, 2009. Trichophyton species susceptibility to green and
red propolis from Brazil. Lett. Appl. Microbiol. 48, 90-96.

Smith-Pearson, PS., Kooshki, M., Spitz, D.R,, Poole, LB., Zhao, W., Robbins, M.E.,
2008. Decreasing peroxiredoxin Il expression decreases glutathione, alters cell
cycle distribution, and sensitizes glioma cells to ionizing radiation and
H(2)O(2). Free Radic. Biol. Med. 45, 1178-1189.

Soini, Y., Kallio, J.P., Hirvikoski, P., Helin, H., Kellokumpu-Lehtinen, P., Kang, SW.,
Tammela, T.L,, Peltoniemi, M., Martikainen, P.M,, Kinnula, V.L,, 2006. Oxidative/
nitrosative stress and peroxiredoxin 2 are associated with grade and prognosis
of human renal carcinoma. APMIS 114, 329-337.

Sonveaux, P., Vegran, F., Schroeder, T., Wergin, M.C., Verrax, J., Rabbani, ZN., De
Saedeleer, C.J., Kennedy, K.M., Diepart, C., Jordan, B.F., Kelley, M., Gallez, B.,
Wahl, M.L,, Feron, O., Dewhirst, M.W.,, 2008. Targeting lactate-fueled respiration
selectively kills hypoxic tumor cells in mice. J. Clin. Invest. 118, 3930-3942.

Stresing, V., Baltziskueta, E, Rubio, N., Blanco, |., Arriba, M., Valls, J., Janier, M.,
Clézardin, P., Sanz-Pamplona, R, Nieva, C,, Marro, M., Dmitri, P., Sierra, A,, 2012.

49



204 C.0. da Silva Frozza et al./ Food and Chemical Toxicology 63 (2014) 195-204

Peroxiredoxin 2 specifically regulates the oxidative and metabolic stress
response of human metastatic breast cancer cells in lungs. Oncogene 32, 724-
735;

Sugasawa, K., Akagi, J., Nishi, R., Iwai, S., Hanaoka, F., 2009. Two-step recognition of
DNA damage for mammalian nucleotide excision repair: directional binding of
the XPC complex and DNA strand scanning. Mol. Cell 36, 642-653.

Umthong, S., Phuwapraisirisan, P., Puthong, Songchan, Chanchao, Chanpen, 2011. In
vitro antiproliferative activity of partially purified Trigona laeviceps propolis
from Thailand on human cancer cell lines, BMC Complement Altern. Med. 11,
3%

Valente, M.],, Baltazar, A.F., Henrique, R., Estevinho, L, Carvalho, M., 2011. Biological
activities of Portuguese propolis: protection against free radical-induced
erythrocyte damage and inhibition of human renal cancer cell growth
in vitro. Food Chem. Toxicol. 49, 86-92.

Vangestel, C., Van de Wiele, C., Mees, G., Peeters, M., 2009. Forcing cancer cells to
commit suicide. Cancer Biother. Radiopharm. 24, 395-407.

Wang, T., Tamae, D., LeBon, T., Shively, |.E., Yen, Y., Li, ].J., 2005. The role of
peroxiredoxin Il in radiation-resistant MCF-7 breast cancer cells. Cancer Res. 65,
10338-10346.

Wang, M., Wey, S., Zhang, Y., Ye, R, Lee, AS., 2009. Role of the unfolded protein
response regulator GRP78/BiP in development, cancer, and neurological
disorders. Antioxid. Redox. Signal 11, 2307-2316.

Watanabe, M.A, Amarante, MK, Conti, B, Sforcin, M. 2011. Cytotoxic
constituents of propolis inducing anticancer effects: a review. ]. Pharm.
Pharmacol. 63, 1378-1386.

Wilmet, |.P., Tastet, C., Desruelles, E., Ziental-Gelus, N., Blanckaert, V., Hondermarck,
H., Le Bourhis, X., 2011. Proteome changes induced by overexpression of the
p75 neurotrophin receptor (p75NTR) in breast cancer cells. Int. . Dev. Biol. 55,
801-809.

Zhang, ., Jiang, Y., Jia, Z,, Li, Q.,, Gong, W,, Wang, L., Wei, D., Yao, |, Fang, S,, Xie, K.,
2006. Association of elevated GRP78 expression with increased lymph node
metastasis and poor prognosis in patients with gastric cancer. Clin. Exp.
Metastasis 23, 401-410.

Zhang, H,, Cao,R,, Lee, W.N,, Deng, C., Zhao, Y., Lappe, ]., Recker, R., Yen, Y., Wang, Q.,
Tsai, M.Y., Go, V.L, Xiao, G.G., 2010. Inhibition of protein phosphorylation in
MIA pancreatic cancer cells: confluence of metabolic and signaling pathways. |.
Proteome Res. 9, 980-989.

Zhou, H., Zhang, Y., Fu, Y., Chan, L, Lee, AS, 2011. Novel mechanism of anti-
apoptotic function of 78-kDa glucose-regulated protein (GRP78): endocrine
resistance factor in breast cancer, through release of B-cell lymphoma 2 (BCL-2)
from BCL-2-interacting killer (BIK). J. Biol. Chem. 286, 25687-25696.

50



CAPITULO 2

LC-MS analysis of Hep-2 and Hek-293 cell lines treated with Brazilian red

propolis reveals differences in protein expression

Artigo publicado na revista Journal of Pharmacy and Pharmacology

51



JOURNAL OF

Pharmacy and Pharmacology

OYAL
PHARMACEUTICAL
SOCIETY

JPP

JPP

Journal of Pharmacy
And Pharmacology

Research Paper

LC-MS analysis of Hep-2 and Hek-293 cell lines treated with
Brazilian red propolis reveals differences in protein
expression

Caroline O. da Silva Frozza® Emyle da Silva Brum?, Anjali Alving®, Sidnei Moura®,
Joao A. P. Henriques® and Mariana Roesch-Ely®

2Laboratory of Genomics, Proteomics and DNA Repair, Biotechnology Institute, University of Caxias do Sul, Caxias do Sul, RS, Brazil, "Bruker
Daltonics, Billerica, MA, USA and “Laboratory of Natural and Synthetic Products, Biotechnology Institute, University of Caxias do Sul, Caxias do
Sul, RS, Brazil

Keywords
cancer; proteomics; red propolis

Abstract

Objective Red propolis, an exclusive variety of propolis found in the northeast
Correspondence of Brazil has shown to present antitumour activity, among several other biologi-
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cal properties. This article aimed to help to evaluate the underlying molecular
mechanisms of the potential anticancer effects of red propolis on tumour, Hep-2,
and non-tumour cells, Hek-293.

Methods Differentially expressed proteins in human cell lines were identified
through label-free quantitative MS-based proteomic platform, and cells were
stained with Giemsa to show morphological changes.

Key findings A total of 1336 and 773 proteins were identified for Hep-2 and
Hek-293, respectively. Among the proteins here identified, 16 were regulated in
the Hep-2 cell line and 04 proteins in the Hek-293 line. Over a total of 2000 pro-
teins were identified under MS analysis, and approximately 1% presented differ-
ential expression patterns. The GO annotation using Protein Analysis THrough
Evolutionary Relationships classification system revealed predominant molecular
function of catalytic activity, and among the biological processes, the most
prominent was associated to cell metabolism.

Conclusion The proteomic profile here presented should help to elucidate fur-
ther molecular mechanisms involved in inhibition of cancer cell proliferation by
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red propolis, which remain unclear to date.

extracts that were identified previously by our group.'®

Introduction Some of these compounds have been cited by the literature

Propolis is a resinous substance produced by honeybees by
mixing their salivated secretions with resins collected from
the cracks of the tree bark.'"! The red propolis variety is
obtained exclusively in the northeast of Brazil. Its botanical
origin is Dalbergia ecastophyllum (L) Taud. (Legumi-
nosae)'?! and presents two molecules responsible for its
pigments: retusapurpurin A and B.P!

For the last decade, red propolis has been attributed as a
source of potential anticancer activity product.“"” This is
characterized by a complex mixture of molecules including
flavonoids, chalcones and isoflavonoids.!”! Liquiritigenin,
formononetin and biochanin A are some examples of
important target compounds present in red propolis

as natural anticancer products. Isoflavones participate in
cell death induction patterns using culture models, and bio-
chanin A is attributed to decrease invasive activity of
glioblastoma lines."”®! Formononetin and liquiritigenin
also showed inhibition of tumour growth in osteosarcoma
and HeLa cancer cell lines, respectively.[g"(’]

In vitro studies have shown that red propolis extract is
effective against several types of cancer including leukae-
mia,[“I pancreatic,“z] breast,“}] bladder,“'” laryngeal epi-
dermoid carcinoma and cervical adenocarcinoma.'®’ An
increase of reports dealing with red propolis and its effects
in cancer cell metabolism has arisen; however, the molecu-
lar mechanisms in which red propolis act are yet not fully
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understood. Recently, laryngeal carcinoma tissue has been
submitted to proteomic analysis to screen potential diag-
nostic and therapeutic targets compared to normal tissue
phenotype.“sl Some of these proteins identified are listed
here and modulated after red propolis extract treatment,
suggesting that red propolis extract is interacting in a direct
or indirect way with cancer cell metabolism.

Proteomics is a great tool to investigate protein
expression and modifications due to altered physiological
conditions in biological systems. This technology has
been used to investigate cellular effects of general drug
treatment and development of drug resistance.!'®’ Here,
a comparative proteomic analysis combined with high-
resolution mass spectrometer (HRMS) and gel-free quan-
tification was performed to identify and determine the
profiles of proteins in the Hep-2 and Hek-293 cell lines
treated or not with total extract of red propolis. So far,
there are no reports on proteomics comparing tumour
and normal cell lines treated with red propolis extracts
through LC-MS analysis. The different compounds pre-
sented in red propolis extract can act alone or com-
bined, generating synergistic effects. Therefore, further
studies from our group are also focusing in evaluating
the effects of fractions and isolated compounds in cancer
cell metabolism.

Materials and Methods

Chemicals

Dulbecco’s modified eagle’s medium-high glucose
(DMEM), trypsin—EDTA, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT), dimethyl sulfoxide
(DMSO), Giemsa, biochanin A, formononetin, and liquirit-
igenin standards were purchased from Sigma-Aldrich (St.
Louis, MO, USA); ethanol was from Merck (Darmstadt,
Hesse, Germany). Heat-inactivated fetal bovine serum
(FBS) was purchased from Cultilab Lab Inc. (Campinas,
SP, Brazil) and penicillin—streptomycin was purchased
from GIBCO™ Invitrogen (Grand Island, NY, USA). All
other chemicals were of ultrapure grade and obtained from
Sigma-Aldrich. For chemical analysis, ethanol was pur-
chased by Tedia (Fairfield, OH, USA) and was used water
prepared in MilliQ ® Eppendorf.

Red Propolis Sample

Red propolis was collected in the Capivara Apiary in Brejo
Grande, state of Sergipe located in the northeast of Brazil
(10° 28’ 25" S and 36° 26’ 12" W). The propolis was pro-
tected from light and frozen at 20 °C until extract prepara-
tion. The hydroalcoholic extract was processed and
characterized as reported by our group [6].

Caroline Olivieri da Silva Frozza et al.

Briefly, red propolis samples were ground to a fine pow-
der. A total of 50 g was mixed with 500 ml of EtOH-H,O
70-30% (v/v) and shaken at room temperature for 24 h.
After extraction, the mixture was filtered and the solvent
was evaporated and produced a red fine powder. The dry
extract was kept frozen at —20 °C and prepared at two
different concentrations with EtOH-H,O 50% (v/v) and
finally filtered through a 0.22 pm polyethersulfone
membrane (TPP; Techno Plastic Products, Switzerland).

Chemical Composition — LC-MS-MS

The extract was dissolved in a solution of 50% (v/v) chro-
matographic grade acetonitrile (Tedia, Fairfield, OH, USA),
50% (v/v) deionized water and 0.1% formic acid, which
was filtered on a nylon membrane (0.45 pum). The solution
was infused directly or with UFLC (Shymadzu) assistance
into the ESI source. For direct infusion was used a syringe
pump (Harvard Apparatus) at a flow rate of 10 pl/min.
The UFLC separation was performed with a 5 pm LiChro-
spher RP18 column at a flow rate of 0.6 ml/min according
to Ku-Ciikboyaci et al.''”). The compounds have been
identified by HRMS ESI(+)-MS and tandem ESI(+)-MS/
MS, which were acquired using a hybrid Orbitrap mass
spectrometer (Thermo Fisher Scientific, USA), under the
following conditions: capillary and cone voltages were set
to +3500 V and +40 V, respectively, with a desolvation
temperature of 100 °C. For ESI(+)-MS/MS, the energy for
the collision induced dissociations (CID) was optimized for
each component. The Xcalibur software was used for data
acquisition and processing. The compounds were identified
by the comparison of their ESI(+)-MS/MS dissociation pat-
terns with standards or previous studies reported. For com-
pounds quantification, three molecules (biochanin A,
formononetin and liquiritigenin) which may be considered
as potential interfering agents of cancer progression were
further investigated using ultra-fast liquid chromatography
(UFLC) and compared to their commercial standards.

Cell Culture and Treatment

Hep-2 (human laryngeal epidermoid carcinoma cell) and
Hek-293 (human normal epithelial embryonic kidney)
were obtained from American Type Culture Collection
(ATCC), USA. Cells were grown in Dulbecco’s modified
eagle’s medium-high glucose, supplemented with 10% (w/
v) FBS. The cultures were maintained in a humidified
atmosphere at 37 °C, 5% CO,. The study was performed as
cells reached 70-80% confluence.

Initially, 2.6 x 10° cells were seeded into 75-cm? culture
flasks with supplemented culture medium. After 24 h,
Hep-2 cells were treated with red propolis extract with
120 pg/ml and Hek-293 cells with 220 pg/ml for 1 h,
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followed by 24 h of supplemented culture medium. These
treatment concentrations were chosen according to their
IC50, determined by previous survival experiments,
through MTT assay, reported by our group.!® The negative
control groups were treated with the same amount of
hydroalcoholic solution (2.5% ethanol) used for the
extracts. Experimental procedures were performed at least
in triplicate.

Morphological Examination

Cells were seeded into 24-well plates containing coverslips.
After 24-h incubation, Hep-2 and Hek-293 were treated
with red propolis hydroalcoholic extract at 120 and 220 pg/
ml, respectively, for 1 h, followed by cultivation in extract-
free medium for 24 h. The negative control group was trea-
ted with EtOH-H,0 50% (v/v) for the same period. Cells
were stained with Giemsa (Accustain; Sigma-Aldrich)
according to standard Giemsa procedure established by the
supplier. Morphological changes of the cells were observed
and photographed under a light microscope at 200x
(Olympus).

Protein Extraction and Digestion

Cells were harvested and lysed in 0.5 ml of lysis buffer (7 m
urea, 2 M thiourea, 40 mm Tris base pH 8.5, 20 mwm Dithio-
threitol (DTT), 4% (w/v) CHAPS and 1% (w/v) protease
inhibitor). After 30 min at room temperature shaking at
90 rpm, the lysate was scraped, transferred into microtubes
and centrifuged at 20,817 x g rpm for 30 min, at 4 °C. The
supernatant was collected and frozen at —20 °C. The proce-
dure was repeated three times until a pool was formed.

After protein extraction, samples were dialysed for 24 h,
at 4 °C, with gentle agitation on a magnetic stirrer, chang-
ing four times Milli-Q water every 6 h. Bradford assay
(BioRad Laboratories, Hercules, CA, USA) was used to
determine protein quantification, according to the manu-
facturer’s instructions. Aliquots of 0.4 mg of protein were
frozen at —80 °C. Protein precipitation was processed with
20% trichloroacetic acid in cold acetone overnight, followed
by five washes with cold acetone. Next, pellet received 25 pl
ammonium bicarbonate stock solution (100 mm), followed
by 25 pul trifluoroethanol denaturation agent and 2.5 pl
DTT stock solution (200 mm). The samples were mixed in
Vortex and heated (90 °C for 20 min). A total of 10 ul
iodoacetamide (IAM) stock solution (200 mm) was added
and allowed to stand at room temperature for 1 h in the
dark. To eliminate excess of IAM, 2.5 pl DTT stock solution
was added, and samples were kept 1 h in the dark. Next,
300 pl of water diluted the denaturant solution and 100 pl
ammonium bicarbonate stock was inserted. Fresh stock
solution of trypsin was made and added at 1 : 20 enzyme:
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substrate and further incubated overnight at 37 °C. Finally,
2 ul TFA was used to lower the pH and stop trypsin activity.
The samples were frozen at —80 °C and lyophilized (Lab-
conco FreeZone; Labconco Corporation, Kansas, MO,
USA). Peptides were then resuspended in 0.1% formic acid
for further mass spectrometry analysis.

Protein Composition - LC-MS/MS

For the LC-MS/MS analysis, the tryptic digests were first
trapped on a PepMap trapping column (2 cm x 100 pum;
Thermo Scientific) and later separated on a PepMap
Acclaim UHPLC column (50 cm x 75 pm, 2 pum particles;
Thermo Scientific) with a 60 min acetonitrile gradient
from 2 to 40% B (mobile phase A : 0.1% formic acid;
mobile phase B : 100% acetonitrile in 0.1% formic acid). A
CaptiveSpray nanoBooster source, with acetonitrile as a
dopant, was used to interface the LC system to the impact
HD benchtop UHR-Q-TOF system (Bruker Daltonics,
Billerica, MA, USA).

Label-Free Quantitative Analysis of MS Data:
Workflow Using ProfileAnalysis™ and
ProteinScape™ Software (Bruker Daltonics)

Each LC-MS run was processed with Bruker Daltonics
Compass DataAnalysis software to generate a list of molec-
ular features. A molecular feature contains all signals in the
LC-MS run which originate from the same peptide. There-
fore, a molecular feature corresponds to a peptide. After
molecular features of all LC-MS runs were elucidated, they
were used to derive peptide quantification ratios in Pro-
fileAnalysis. Using statistical tests, significantly regulated
peptides were determined. Peptide regulation ratios were
transferred to the ProteinScape database system.

LC-MS/MS analyses were processed in DataAnalysis soft-
ware. The resulting peak lists were transferred to the
ProteinScape database system. Using ProteinScape, MS/MS
spectra were searched against a sequence database to iden-
tify peptides. A combined protein list based on all acquired
MS/MS spectra of the experiment was generated. Identified
peptides were linked to their regulation ratios using accu-
rate mass and retention time as assignment criteria. Finally,
protein regulations were determined.

Statistical Analysis in ProfileAnalysis ™

To derive peptide regulation ratios in ProfileAnalysis, an
MS-T-Test model was calculated. The result of the MS-T-
Test model calculation is reported in two tables: the Bucket
Table and the T-Test Result Table. Each bucket is charac-
terized by a retention time and MH+ value and corre-
sponds to a peptide. Each bucket defines a row in the
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Bucket Table and in the T-Test Result Table. A value speci-
fied for a particular bucket in a column is the intensity of a
peptide measured in the corresponding LC-MS run. For
each bucket, the average intensity is calculated per group
attribute. As we have one group defined with two attri-
butes, we have two average intensities for each peptide. The
ratio of the average intensities is the regulation ratio of a
bucket. It is reported in the T-Test Result Table in the col-
umn Average Ratio. The T-Test Result Table was trans-
ferred to ProteinScape where quantification and
identification of peptides were combined to a final protein
list showing regulation ratios for each protein.

Protein Identification in ProteinScape™

LC-MS/MS data were processed with Bruker’s ProteinS-
cape™ bioinformatics software suite. Database searches
were performed with Mascot 2.4 triggered by ProteinScape.
The parameters used in Mascot searches were as follows:
carbamidomethylation of cysteine was set as a fixed modifi-
cation and variable modifications was the Acetyl (N-term),
Gln — pyro-Glu (N-term Q), Glu — pyro-Glu (N-term E)
and Oxidation (M). Trypsin was specified as the proteolytic
enzyme, and one missed cleavage was allowed. Peptide
mass tolerance was set at 10 ppm, fragment mass tolerance
was set at 0.5 Da and peptide charges were set at +1,+ 2,
and + 3. Mascot results were filtered with Mascot Percola-
tor to improve the accuracy and sensitivity of the peptide
identification. The accepted peptide false discovery rate was
set to <1%.

Results

The chemical composition of the red propolis extract from
Sergipe state (Brejo Grande) was previously analyzed by
our group trough HRMS.'”) Among the compounds
identified, most are of phenolic acids and flavonoids:
6-acetyl-2,2-dimethyl-3-hydroxychroman (m/z 221.1204);
hydroxychroman-2-hydroxy-4-methoxychalcone (m/z 255.
1022); liquiritigenin (m/z 257.0811); formononetin (m/z
269.0820); medicarpin (m/z 271.0975); biochanin A (m/z
285.0765); retusapurpurin B (m/z 523.1751); and hes-
peretin-7-rhamnoglucoside (m/z 611.1965) (Figure 1).
Three of the compounds identified by Frozza et al.'®' are of
great interest in cancer research investigation and were fur-
ther quantified through UFLC (Figure 2). The available
standards were biochanin A, formononetin and liquiriti-
genin and presented ¥ of 0.9987; 0.9986; 0.9998, respec-
tively. Sergipe red propolis extract showed biochanin A
0.41 £ 0.007 mg/g; formononetin 2.37 + 0.010 mg/g and
liquiritigenin 1.54 + 0.015 mg/g. The remaining com-
pounds were not quantified, only qualified by MS/MS as
previously reported.“’l

Caroline Olivieri da Silva Frozza et al.

Red propolis extract rich in phenolic acids and flavo-
noids was initially tested through cytotoxic essays. After-
wards, cells were treated with different concentrations of
extract and compared to the control untreated group: Hep-
2 with 120 pg/ml and Hek-293 with 220 pg/ml, concentra-
tions that correspond to the IC50 found in the previous
MTT analysis. Cell morphology was further investigated
using Giemsa staining that revealed altered morphological
structure after treatment (Figure 3). The cells in the nega-
tive control group that received hydroalcoholic solution of
2.5% (v/v) presented a rounded-like morphology, sur-
rounded by abundant, defined and intact cytoplasm (Fig-
ure 3 a, ¢). Cells that received treatment with red propolis
extracts — IC50 from each cell line — presented detachment
and shrinkage, indicating several biological changes upon
extract activity (Figure 3b, d).

For protein profile analysis, total soluble proteins were
extracted from three independent biological replicate sam-
ples and exposed to nano-LC-MS/MS analysis. A total of
2109 proteins were identified, 1336 in Hep-2 and 773 in
Hek-293 group (Table S1 and S2, respectively). Proteins
were identified with at least two unique peptide matches
(P < 0.05). Identification was made in triplicate and repro-
ducibility was secured. For better visualization, the double
fold change for the log2 values derived from the quotient
(treated/control) is presented in Figure 4 as a Volcano plot,
statistically restricted by a 0.01 P-value line, at 2.0 (y axis-
log10).

Considering that most peptides identified were taken
from the tumour line sample, proteins exclusively from
these samples were further analyzed and organized accord-
ing to biological processes. From the 1336 Hep-2 proteins
identified, approximately 15% were present in all triplicates
in the control group (207) and treated group (208)
(Table S3 and S4, respectively). Comparing the proteins
identified in the two groups of Hep-2 (control and treated)
analyzed, 110 proteins (Table S5) were in accordance for
both groups (Figure 5a).

To better understand their biological functions, proteins
were further functionally classified using the Protein
Analysis THrough Evolutionary Relationships (PANTHER,
v. 9.0) bioinformatics tool (http://www.pantherdb.org).
The matching proteins (n = 110) were classified according
to the GO annotations ‘biological process’ (Figure 5b)
where 30% were associated to metabolism, followed by cel-
lular (20%), developmental (14%) and biogenesis (12%).

Proteins identified in both cell lines were also classified
and are presented in Figure 6 by percentage of their ‘molec-
ular function’. Similar molecular function profiles of
identified proteins were observed for both tumour and
non-tumour lines. Predominant functions for both groups
were of catalytic activity (36%), followed by protein bind-
ing properties (33%) and structural molecule activity (13%
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Figure 2 (a) Chromatographic profile of liquiritigenin, formononetin and biochanin A; and (b) Full high-resolution mass spectrometer (HRMS) of
Sergipe red propolis extract.
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Figure 3 Morphological changes of Hep-2 and Hek-293 cell lines by Giemsa staining. (a) Hep-2 control, (b) Hep-2 treated with 120 pg/ml of red
propolis extract, (c) Hek-293 control, (d) Hek-293 treated with 220 pug/ml of red propolis extract.
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Figure 4 Volcano plot of peptide areas, extracted by ProfileAnalysis
software from triplicate LC-MS/MS data set associated with t-test.
Each point represents the difference in expression (fold-change) plot-
ted against the level of statistical significance, with double fold
change for the log2 values derived from the quotient (treated/control)
of Hep-2 cell line. There are two areas of interest in the plot — those
points that are found towards the top of the plot are far to either the
left- or the right-hand side. These represent values that display large
magnitude fold changes (hence being left or right of centre) as well
as high statistical significance (hence being towards the top).

and 14%). Functions as enzymatic regulatory, nucleic acid
binding transcription factor, transporter and translation
regulator activity were also observed in less proportions for
both groups.

Comparing Hep-2 cell line treated with red propolis with
the control group, 16 proteins were regulated (Table 1),

two of them were upregulated and the majority downregu-
lated. Hek-293 cell line presented 04 proteins downregu-
lated (Table 1). Both of the analysis considered P < 0.05.

Discussion

Proteomics offers a powerful platform for identifying pro-
tein expression using in vitro cell models. Accurate pro-
teomic studies can provide a representation of cellular
signalling mechanisms, which can be used to the develop-
ment of drugs that target multiple cellular components. So
far, there are no reports on proteomics comparing tumour
and normal cell lines treated with Brazilian red propolis
total extracts through LC-MS analysis.

The mechanism involved in proliferation inhibition of
cancer cells upon red propolis activity is still unclear,
thereby proteomics to globally search for differentially
expressed proteins in Hep-2 and Hek-293 cells affected by
red propolis extract may help to clarify some of the molec-
ular mechanisms underlying carcinogenesis. Functional
category analysis suggests that the alterations in protein
expression after red propolis treatment are associated with
different biological processes and molecular functions.
Most of the proteins here identified in the tumour sample
that presented significant differential expression are
reported in literature and involved in regulation of cancer
cell metabolism. These proteins can be modulated in a
variety of ways, depending on the experimental design, if
samples are taken from tissue or in vitro models, treated
or not with total extracts, fractions or isolated com-
pounds. Tumour cell lines submitted to a particular
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Figure 5 (a) Venn Diagram representing proteins presented in all triplicate of the tumour Hep-2 line groups analyzed. A total of 110 proteins
were in accordance for both groups. (b) 110 proteins were classified according to the GO annotations ‘biological process’, using the PANTHER
classification system.
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Figure 6 Molecular function of identified proteins from Hep-2 ((a) — 1336 proteins) and Hek-293 ((b) — 773 proteins) cell lines analysed with
PANTHER tool (http:/Awww.pantherdb.org). Similar molecular function profiles of identified proteins were observed for both tumour and non-
tumour lines.

treatment will present several effects related to protein cell that the tumour samples analyzed here revealed a larger
modulation when compared to the untreated group, as panel of regulated proteins compared to the non-tumour
observed in this study. It is also important to highlight sample.
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Among the proteins identified in the normal Hek-293
cell line, 04 proteins were downregulated, most of them are
from the cytoskeleton compartment, TBA1B, ACTG,
ACTB. Exception was for thioredoxin domain-containing
protein 5 (TXNDCS5), which belongs to the disulphide iso-
merase family. The endoplasmic reticulum (ER) presented
in eukaryotic cells is a specialized organelle that is the cen-
tral site of synthesis and folding of proteins. The dispropor-
tion between the amount of protein and folding capacity
cause ER stress, which is involved in many pathologies such
as cardiovascular disease, diabetes, neurodegenerative dis-
eases and cancer.'®! In the deficiency to reestablish ER
homoeostasis, the apoptotic pathways can be activated.
Protein disulphide isomerases (PDI) has been associated
with the regulation of apoptotic signalling events.!"®!
Thioredoxin domain-containing protein 5 (TXNDCS5) that
belongs to the PDI family and plays several functions, also
involved in protein folding and chaperone activity.
Recently, this multifunctional protein has been considered
as a biomarker for cancer,“9] and in this study showed to
be downregulated in the treated group.

In contrast, among the proteins identified in the tumour
Hep-2 cell line, 14 were downregulated and 02 upregulated.
Protein disulphide isomerase A3 (PDIA3) showed similar
function to the TXNDCS5 found in Hek-293 cell line. It has
been reported to protect against oxidative stress-induced
apoptosis as it was upregulated in a disease associated to
the conjunctiva, generating a benign growth of these tis-
sue.?% The expression of PDIA3 protein was also reported
to be upregulated in melanomas that subsequently metasta-
sized.?!)

From the cytoskeleton compartment and organization,
04 downregulated proteins were identified (TLN1, EPIPL,
FSCN1, vinculin) in the tumour Hep-2 line. The talin 1
(TLN1) regulates integrin adhesion and was found overex-
pressed in prostate cancer cell line, promoting active sur-
vival signal, adhesion, migration and invasion.'””! Zhang
et al.”*®' found that talin 1 can be considered a biomarker
for the diagnosis and prognosis of hepatocellular carcinoma
as it may be related in the process of carcinogenesis, infil-
tration and metastasis. Lai et al.*! found this protein
upregulated in oral squamous cell carcinoma, correlating
the TLN1 level with early tumour stages and poor clinical
response. Tang et al.”*®! reported that the TLN1 expression
was decreased in ovarian serous carcinoma by miR-9 as
tumour suppressor agent.

Also as part of cytoskeleton compartment, Epiplakin
(EPIPL) belongs to the plakin family and it maintains the
integrity of keratin intermediate filament networks in
epithelial cells.”®) This protein was found upregulated
in oral squamous cell carcinoma.®”! It was also upregulated
in buccal mucosa tissue 2 days postchemotherapy in acute
myelogenous leukaemia patients."**’

© 2016 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, 68 (2016), pp. 1073-1084
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Fascin is a protein with 55 kDa that bundle the actin and
plays a role in regulation, conservation and support of par-
allel bundles of filamentous actin in various cellular condi-
tions. Here, cytoskeleton protein fascin 1 (FSCN1) was
downregulated, playing an important role in multiple
epithelial tumours development, invasion and metasta-
sis.2? %) Tan et al.'*®! found that fascin 1 expression could
be considered a biomarker or therapeutic target onto sev-
eral carcinomas. Finally, vinculin is a protein found in large
quantities associated with cell—cell and cell-matrix interac-
tions. Vinculin has been reported to suppress tumour by
supporting anchorage-dependent cell growth and to repress
metastasis by diminishing cell motility.*"!

Here, a protein related to replication, recombination and
repair pathway was found downregulated. DNA-(apurinic
or apyrimidinic site) lyase (APEX1) is a protein with several
functions involved in base excision repair of DNA damage
and has been considered an attractive molecular target in
the diagnosis, treatment and prevention of breast can-
cer.®?! Its overexpression in osteosarcoma was correlated
with recurrence, metastasis and survival of patients.”*!
Deregulation of APEXI is reported to be associated to
increased risk of head and neck cancer.®* Soya isoflavones
seem to decrease the expression of APE1/Ref-1 in vitro and
in vivo, with a mechanism of cell killing and inhibition of
prostate tumour growth.[35]Our group has previously iden-
tified several compounds in red propolis total extract,
among them, an isoflavone known as formononetin, which
may contribute to APEX1 downregulation.!®’ Here, we
quantified formononetin in red propolis extract from Ser-
gipe state, as well as biochanin A and liquiritigenin. For-
mononetin ~ showed to  be more  prevalent
(2.37 + 0.010 mg/g) compared to the other compounds
quantified through UFLC. Overall, isoflavone exerts inhibi-
tory effects on carcinogenesis and cancer progression by
induction of apoptosis and inhibition of cell prolifera-
tion.®!

Another downregulated protein identified is correlated
to chemokine binding and ion transmembrane transport.
The expression of proteolipid protein 2 (PLP2), a four-
transmembrane protein, was found upregulated in MDA-
MB231 breast cancer cells when exposed to cadmium.®’
This protein was downregulated in HepG2 cells treated
with radiofrequency electromagnetic fields”®”! and in the
Y925F-mutated FAK-transfected cells.*®! Sonoda et al.!**
have shown that mice injected with PLP2 cells increased
risk to metastasis compared to those that received empty
vector-transfected cells.

A protein involved in RNA processing and modification
heterogeneous nuclear ribonucleoprotein A1 (ROA1) was
also found downregulated in this study. ROA1 was upregu-
lated, however, in myeloid leukaemia cells lines after treat-
ment with a potent anticancer molecule, adaphostin.*?!
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Other protein from the same protein class, heterogeneous
nuclear ribonucleoprotein H (HNRH1), was shown to be
downregulated upon coxsackievirus B3 infections in HeLa
and HepG2 cell lines'*”’ and small nuclear ribonucleopro-
tein Sm D1 (SmD1). Small nuclear ribonucleoproteins are
splicing factors and present inhibitory effect in tumour cell.
[41]

Two proteins were found upregulated in Hep-2 cells in
this study after red propolis treatment. One of them was
the protein Alpha-2-HS-glycoprotein (FETUA), involved in
diverse physiological and pathological processes, consid-
ered an acute phase regulator.'*?’ Gangneux et al.'*’!
reported upregulation of FETUA that could bring benefits
to patient in risk, for example, septic syndrome compli-
cated with multiple organ failure. Upregulation of FETUA
was also associated with the development of docetaxel resis-
tance.'*! Another upregulated protein here identified was
splicing factor U2AF 35 kDa subunit (U2AF1). U2AF1 was
found to be upregulated and related to constitutive and
enhancer-dependent splicing by mediating protein—protein
interactions and protein—RNA interactions in patients with
acute myeloid leukaemia.'*!

Some of the proteins identified here (TLN1, EPIPL,
FSCN1, VINC and ROAL1) are reported to be upregulated
in laryngeal tumour tissue compared to the normal pheno-
type.'"! In contrast with the results presented by Li
et al."™® that compared normal and tumour phenotypes
without treatment exposition, the expression of these pro-
teins is shown to be downregulated in our study after red
propolis extract treatment. U2AF1 protein also presented a
discrepant expression pattern, according to Li et al.!"! was
downregulated in laryngeal tumour, while our results
showed a upregulation of U2AF1 after red propolis exposi-
tion. Those conditions reflect that many changes in tumour
cell metabolism are processed after propolis exposition and
extract incubation may regulate protein levels that are over-
expressed in tumour samples back to basal levels.

Changes in protein expression are related to the activity
of several molecules found in propolis composition, as

Caroline Olivieri da Silva Frozza et al.

many compounds have been reported to present anticancer
activities. For example, biochanin A was found to
decreased uPAR protein levels considerably in human
glioblastoma cell line (U87MG). The overexpression of
uPAR levels correlates with tumour invasiveness in this
particular cell line 7). Because red propolis total extract
presents a complex chemical composition, which can pro-
mote several synergistic effects in cell metabolism, our
group is now focusing in fractionating and isolating major
compounds. These molecules will be tested in cell lines and
further evaluated through proteomic analysis.

Conclusion

Taken together, tumour and non-tumour cells treated with
red propolis revealed differentially expressed proteins
related to a series of metabolic pathways. Importantly, all
regulated proteins here identified have been reported in
recent literature and participate, direct or indirectly, of can-
cer cell signalling mechanisms. Thus, our results provided a
comprehensive overview for the understanding of protein
expression of red propolis in Hep-2 cells. Those results can
easily be compared and complement other proteomic
reports, benefiting future clinical application and the devel-
opment of cancer drugs from natural products. Additional
proteomic studies will be necessary to evaluate cell metabo-
lism and if there are synergisms among compounds present
in extract or if major activities are promoted by isolated
players.
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Abstract

Continuous increases in the rates of tumor diseases have highlighted the need for
identification of novel and inexpensive antitumor agents from natural sources. In this study,
we investigated the effects of enriched fraction from hydroalcoholic Brazilian red propolis
extract against Hep-2 cancer cell line. Initially 201 fractions were arranged in 12 groups
according to their chromatographic characteristics (A — L). After an in vitro cell viability
screening, J and L were further selected as promising enriched fractions for this study. The
chemical characterization was performed by LC - ESI(+) — MS/MS and Biochanin A,
Formononetin, and Liquiritigenin compounds were quantified. The hydroalcoholic Brazilian
red propolis (HBRP) showed the following values 0.277 + 0.011, 1.52 + 0.04 and 1.66 +
0.03 mg/qg, respectively. Through MTT viability assay and morphological changes observed
by Giemsa and DAPI staining, the results showed that red propolis inhibited cancer cells
growth. Flow cytometry results indicated effects that were partly mediated through
programmed cell death as confirmed by externalization of phosphatidylserine, DNA cleaved
assay, increase at SUB G1-GO phase in cell cycle analysis and loss of mitochondrial
membrane potential. In conclusion, our results demonstrated that red propolis enriched
fractions promoted apoptotic effects in human cancer cells through the mechanisms
involving mitochondrial perturbation. Therefore, red propolis fractions contain candidate
agents for adjuvant cancer treatment, which further studies should elucidate the

comprehensive mechanistic pathways.

Keywords: Red Propolis, Cancer, Apoptosis, Hep-2, Fractions

66



1. Introduction

Cancer is a worldwide major public health problem (Siegel et al., 2016). The
number of new estimated cases for 2020, excluding non-melanoma skin cancer, will reach
more than 17 million and cancer deaths more than 10 million until 2020 (WHO 2016). This
reinforces the need for anticancer compounds screening from natural sources, which have
been used for centuries to treat a variety of diseases.

Propolis is a natural resinous product made by melliferous bees, used in
traditional medicine all over the world. This resin is known to have chemical composition,
which presents biological properties such as anti-inflammatory, antifungal, antibacterial,
antioxidative and anticancer (Frozza et al., 2013; Kamiya et al., 2012a). Brazilian red
propolis was found at mangrove regions of northeastern Brazilian states, which the major
botanical source is Dalbergia ecastophyllum (Daugsch et al., 2007). The propolis chemical
composition has been characterized and varies according to its source (Machado et al.,
2016). With the improvement of purification process and instrumental analysis, most
compounds can be further qualified and quantified. However, few studies have identified
and characterized chemical composition and activity from red propolis enriched fraction (de
Mendonca et al., 2015; Novak et al., 2014), which is considering the first step toward
discovery unknown bioactive compounds (Hayacibara et al., 2005).

Various studies have shown the anticancer properties of Brazilian red propolis and
its compounds, which are effective in reducing cancer cell survival by affecting various
growth-promoting and apoptotic pathways (Begnini et al., 2014; de Mendonca et al., 2015;
Frozza et al., 2014). The aim of this present study was to analyze the chemical profile of
enriched fractions of hydroalcoholic Brazilian red propolis (HBRP) extract, and to
demonstrate its antiproliferative effect on laryngeal cancer cells. In addition, to understand

the antitumor benefits of red propolis, some parameters related to apoptosis as ROS
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accumulation, mitochondrial membrane potential, were analyzed to help to elucidate cell

signaling involved in propolis mechanism of action.

2. Materials and methods

2.1 Chemicals

Dulbecco’s modified eagle’s medium-high glucose (DMEM), trypsin—-EDTA, 3-
(4,5-dimethylthiazol-2-yl)-2,5-dipheyl-tetrazolium bromide (MTT), dimethyl sulfoxide
(DMSO), Biochanin A, Liquiritigenin, Formononetin and Giemsa were purchased from
Sigma-Aldrich (St. Louis, MO, USA); ethanol was from Merck (Darmstadt, Hesse, GE).
Heat-inactivated fetal bovine serum (FBS) was purchased from Cultilab Lab Inc. (Campinas,
SP, BR) and penicillin—streptomycin were purchased from GIBCO™ Invitrogen (Grand
Island, NY, USA). All other chemicals were of ultrapure grade and obtained from Sigma—

Aldrich (St. Louis, MO, USA).

2.2 Red propolis sample

Red propolis was collected in 2013 in state of Alagoas located in the northeast of
Brazil. The propolis was protected from light and frozen at -20 °C until extract preparation
was proceeded. Samples of red propolis were ground to a fine powder and 50 g of red
propolis powder was mixed with 500 mL of EtOH-H,O 70% - 30% (v/v) and shaken at
room temperature for 24 h. After extraction, the mixture was filtered and the solvent was
evaporated (37 °C) with subsequent lyophilization. The dry extract was kept frozen at -20 °C
and prepared at different concentrations with EtOH - H,O 50% (v/v) (HBRP), and finally
filtered through a 0.22 pm polyethersulfone membrane (TPP, Techno Plastic Products,

Switzerland).
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2.3 Fractionation

The dry extract of red propolis (5 g) was fractionated on a silica gel column (4 x 45
cm). Chloroform (90 to 100%), methanol (0 to 10%) and 0.1% acetic acid; ethanol (100%)
and Milli-Q® water were used for the mobile phase in sequence. The fractions were analyzed
by Thin Liquid Chromatography (TLC) using chloroform: methanol: acetic acid (95:4:1) as
mobile phase. The plates were revealed with vanillin:chloridric acid:sulphuric acid:ethanol
(1:4:5:90) and chromatograms were evaluated under 254 and 365 nm yielding 12 fractions
(A — L) (Figure 1). After, the solvent was removed under reduced pressure, and all the

fractions were individually stored in amber vials at -20 °C.

2.4 Chemical characterization by ESI — MS/MS and quantification

After an in vitro cell viability screening, J and L were further selected as promising
enriched fractions for this study therefore the dry samples (J and L fractions and HBRP)
were dissolved in a solution of 50% (v/v) chromatographic grade acetonitrile (Tedia,
Fairfield, OH, USA), 50% (v/v) deionized water and 0.1% formic acid for ESI(+). The
solutions were infused individually into the ESI source by means of a syringe pump
(Harvard Apparatus) at a flow rate of 10ul/min. ESI(+)-MS were acquired using a hybrid
high-resolution and high accuracy (5ulL/L) microTOF-QIl mass spectrometer (Bruker®
Daltonics) under the following conditions: capillary and cone voltages were set to +3500 eV
and +40 eV, respectively, with a de-solvation temperature of 100 °C. Diagnostic ions were
identified by the comparison of exact m/z with compounds determined in previous studies
(Table 1). Hystar software (Bruker® Daltonics) was used for data acquisition and

processing. The data were collected in the m/z range of 70-800 at the speed of two scans per
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second, providing the resolution of 50.000 (FWHM) at m/z 200. No important ions were
observed below m/z 150 or above m/z 800.

The quantification was performed by HPLC-UV and ESI-MS in a Quadrupole Time—
of—Flight (Q—-TOF) mass spectrometry (MicrOTOF-QII Bruker) in a positive mode. The
following conditions were used: the TOF capillary voltage was set at 4000 eV for 30 min at
a flow rate of 0.5 mL/min. The nebulizer gas pressure was 2 Bar, and the N, drying gas was
maintained at a flow rate of 8 L/min at 200 °C. MS spectra were collected over the range of
50-800 m/z and then processed using Compass Data Analysis 4.0 software.

The linearity was determined by the analysis of three authentic curves, constructed
with sample solutions, in five levels of concentration ranged from 0.001 to 1.0 ug/mL. The
curves were constructed by plotting the average values of the areas according to the
concentration. The results were analyzed by calculating the linear regression in order to
define the determination coefficient (R?). The calibration curves of standards solutions
(Biochanin A, Liquiritigenin, Formononetin) were used if the correlation coefficient was

0.99 or higher.

2.5 Cell culture

Hep-2 (human laryngeal epidermoid carcinoma cell) was obtained by the American
Type Culture Collection (ATCC, Manassas, VA, USA). Cells were grown in DMEM
supplemented with 10% (w/v) heat-inactivated FBS and 1% (w/v) penicillin—streptomycin.
The cultures were maintained in a humidified atmosphere at 37 °C, 5% CO, and 95% air.

The study was performed as cells reached 70-80% confluence.

2.6 Cytotoxic assay
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Cell viability was measured using the MTT assay (Mosmann, 1983). Briefly, cells
were seeded into the 96-well plates at a density of 5 x 10* cells/mL. After 24 h, cells were
treated with different concentrations (5 — 175 pg/mL) of HBRP and fractions and incubated
for 24 h and 48 h. Negative controls were treated with the same amounts of hydroalcoholic
solution. The medium was removed and 1 mg/mL MTT dye in serum-free medium was
added to the wells. Plates were incubated at 37 °C for 2 h in humidified 5% CO,
atmosphere. Subsequently, the MTT solution was removed and the obtained formazan violet
product was dissolved in 100 pL DMSO. Absorbance was measured using a microplate
reader (Spectra Max 190, Molecular Devices, USA) at 570 nm. All readings were compared
with the control, which represented 100% viability. The IC50 (concentration pg/mL that
inhibits cell growth by 50%) ratio of cancerous cell was also calculated. Each experiment
was performed in triplicate and independently repeated at least four times.

The fractions that yielded best results after a screening with MTT assay, J and L
fractions, were used in the following tests. For the cells treatment the dry extract and the
fractions were prepared at different concentrations with EtOH-H20 50% (v/v), and filtered

through a 0.22 um polyethersulfone membrane (TPP, Techno Plastic Products, Switzerland).

2.7 Morphological examination of cancer cells

Cells were seeded into 24-well plates containing coverslips. After 24 h incubation,
the cells were treated with red propolis hydroalcoholic extract and fractions at 50 and 75
pg/mL (concentrations close to the 1C50 values) for 24 h. The negative control group was
treated with EtOH-H,0 2.5% (v/v) instead of extract for the same period. Then they were
stained with Giemsa (Accustain®— Sigma-Aldrich), according to standard Giemsa
procedure established by the supplier. Morphological changes of the cells were observed

and photographed under a light microscope at 200 x (Olympus®).
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In DAPI (4, 6-diamidino-2-phenylindole) staining, after 24h extract treatment, cells
were washed with PBS and fixed with 4% paraformaldehyde for 15 min at room
temperature, and then washed again with PBS. The fixed cells were incubated with 1 mg/mL
DAPI solution for 5 min at room temperature in the dark. After washing twice with PBS,
cells undergoing apoptosis, represented by the morphological changes of apoptotic nuclei,
were examined under an inverted fluorescence microscope. The apoptotic cells were

identified by the presence of highly condensed chromatin or fragmented nuclei.

2.8 Flow Cytometry

Cell cycle, apoptosis, mitochondrial membrane potential (MMP), and reactive
oxygen species (ROS) were measured by flow cytometry. An amount of 2.6 x 10° cells were
seeded into 75 cm? culture flasks with supplemented culture medium. After 24 h, tumor cells
were treated with 50 pg/mL and 75 pg/mL for 24 h. The negative control groups were
treated with the same amount of hydroalcoholic solution used for the extracts. The intensity
of fluorescence from 10,000 cells were quantified by a BD FACSCalibur four colors flow
cytometer (Becton Dickinson LTDA). Data were collected by CellQuest Pro software (BD
Biosciences) and analyzed using FlowJo (TreeStar, Inc). Experimental procedures were
performed at least in triplicate.

2.8.1 Annexin-V/PI Assay

The procedure was conducted according to methodology provided in Annexin V-
FITC Apoptosis Detection Kit (catalog number APOAF, Sigma, USA). All adhering and
floating cells were harvested and washed twice with PBS before being transferred into
sterile centrifuge tube. The cell pellet was then suspended in 100 pL of binding buffer (10
mM HEPES/NaOH pH 7.4; 140 mM NaCl; 2.5 mM CaCl,). This cell suspension was

transferred to a microtube, to which 5 puL of Annexin V-FITC conjugate and 10 pL of
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propidium iodide were added. The cells were incubated in the dark for 15 minutes at room
temperature. The fluorescence of the cells was determined by flow cytometry using FL1
(488/533) and FL3 (488/670) filters.
2.8.2 Mitochondrial Membrane Potential Analysis
Changes in the MMP as a result of mitochondrial depolarization were measured
using the method of incorporation of 3,3'-dihexiloxacarbocianina iodate (DioC6(3);
Molecular Probes Inc., USA) according to Nocentini et al., (1997). Briefly, treated and
untreated Hep-2 cells were harvested by trypsin, washed once in PBS, and then stained with
DioC6(3) (175 nM) 30 min and analyzed by flow cytometry using FL1 filter.
2.8.3 ROS Analysis
Measurement of intracellular levels of ROS in Hep-2 cells were stained by 2,7-
dichlorodihydrofluorescein diacetate (DCFH-DA, Sigma) and by dihydrorhodamine 123
(DHR123) according to Shan et al., (2016) methodology with modifications. DCFH-DA
penetrates into the intracellular matrix of cells to be oxidized by ROS to fluorescent
dichlorofluorescein (DCF) and DHR123 is oxidized to rhodamine 123. Fluorescent dye
solutions (10 uM) was added to the cells and incubated for 30 min at 37 °C in the dark. The
levels of ROS were analyzed at an excitation 488 nm and emission 533 nm.
2.8.4 Cell Cycle Analysis
Hep-2 cells were cultured with or without red propolis or vehicle (ethanol 2.5%) for
24 h. Following treatment, cells were washed in PBS, trypsinized and collected for
centrifugation (1800 rpm for 7 min) in PBS. Cell pellets were gently resuspended, fixed in
ice-cold 70% ethanol and stored overnight at —20 °C (Wlodkowic et al., 2009). Prior to
analysis, cells were again collected by centrifugation to remove ethanol, gently resuspended
in PBS and re-pelleted. Cells were then resuspended and permeabilized in Triton X-100 in

PBS and incubated with RNAse A and propidium iodide in the dark for 30 min at room
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temperature. All cell samples were immediately analyzed by flow cytometry for DNA

content.

2.9 DNA cleavage assay

To assess the nuclease activity of the crude extract and the L and J fractions of red
propolis, samples, according to Biscaro et al., (2013) method, in concentrations of 0
(negative control), 5, 15, 25, 35, 50 and 75 pg/ml were incubated in 20 pL of a water
solution containing pBSKII plasmid DNA (300 ng) and 10 mM of HEPES buffer (pH 7.4)
for 16 h at 37 °C. Subsequently, these solutions were loaded onto agarose gels containing
ethidium bromide (EB), and after electrophoresis, bands corresponding to supercoiled form
(FI), open circular form (FIlI) and the linear form (FIIlI) were photodocumented.
Fluorescence intensity of EB stained bands was measured with ImageJ® and a correction
factor of 1.47 was applied to FI according to a previous study (Biscaro et al., 2013). The

data were plotted in form of tables and graphics.

2.10 Statistical analysis

Results were expressed as mean + standard deviation obtained from three
independent experiments. Statistical significance was evaluated using t-test and one way
analysis of variance (ANOVA) with post hoc multiple comparisons procedure (Tukey test)
to assess statistical differences in normal distribution. Significance was accepted at p lower
than 0.05 using the Statistical Package for Social Sciences (SPSS, version 19.0) for

Windows.
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3. Results and Discussion

3.1 Chemical characterization and quantification

Chemical composition of Brazilian red propolis extracts has been characterized by
our study group (Frozza et al., 2013). In this work, the chemical composition was
determined using ESI(+)-MS in a Q-TOF (Q-TOF-11 Bruker® Daltonics), which allows to
analyze a wide range of compounds at the same time.

The exact mass, the isotopic ratio and the fragmentation pathway were used in order
to distinguish the molecules. The identified compounds are listed in Table 1, accepted
accuracy threshold for confirmation of elemental compositions of 5 ppm. Many other
compounds are presented in red propolis, however it was not possible to identify all of them.
All of the identified compounds have been found in Brazilian red propolis from different
regions (Awale et al., 2008; Bueno-Silva et al., 2013; Trusheva et al., 2006). The chemical
structures of all them are presented in the Figure 2.

In fact, the set of information generated from High Resolution Mass Spectrometry
(HRMS) in tandem (MS-MS) assisted chemical characterization. From the fragmentation
pathways it was possible the differentiation of isobars Cis-asarone or Trans-isoelemicin
from Elemicin (m/z 209.1180) by the presence of ion m/z 194.0969 ([M - CH3]"), as well as,
Vestitol or Isovestitol from Neovestitol by the presence of ions m/z 149.0562 and 123.0482

which are referents at [M - C;H;0]" [M - CgHgO]" respectively.
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Red propolis
Hydroalcoholic extract

Silica Column

* Chloroform (90 — 100%)
* Methanol (1-10%)

* Ethanol (100%)

+  Milli-Qwater (100%)

FRACTIONS

TLC

ABCDEFGHIIJKL

* HPLC—-UV—-ESI-MS
* Biologicaltests

Figure 1. Workflow of fractionation by solvents and column chromatography. 12 fractions

(A — L) were collected out of 201 samples, which were grouped according to chemical

similarities.
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Table 1. The major compounds in red propolis hydroalcoholic extract and their fractions.

Elem.

e Precursor Diff. Fragmentation ions (%0) .
Entry Identification Comp.+ ionmiz  ppm [MS-MS] Fragmentation pathways Ref.
(M+H)
HBRP Benzoic acid (1) C/H,0,  123.0450 3.215 (/:;Ier;%%r;;t
2H-1-Benzopyran-7- (Alencar et
HBRP ol CoHsO,  149.0607 2.99 al., 2007)
(Alencar et
al., 2007;
HBRP Methoxyeugenol (3) CyHisOs  195.1016 2.662 Righi et
al., 2011)
Righi et
. 209.1180 (14); 194.0969 (
Cis-asarone (4a); or + +, al, 2011;
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(37) 2006)
257.0810 (10); 153.0177 +
(24); 1470848 (33, ]CB[F,\';;] M oy, (Piccinelli
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N 271.0970 (73); 243.1078 M - COJ"; [M - C¢HsQO]";  (Piccinelli
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HBRP

HBRP

HBRP

HBRP

HBRP

HBRP

Naringenin (8)

Vestitol (9a); or
Isovestitol (9b)

Biochanin A (10)

(3S)-Vestitone (11)

(3S)-Ferreirin (12)

(3S)-Mucronulatol

C15H1305

C16H1704

C16H1305

ClGHlSOS

C16H1506

C17H1905

273.0771

273.1136

285.0768

287.0920

303.0871

303.1226

2.935

3.354

1.76

0.18

0.78

2.140

(12); 161.0643 (10);
151.0422 (40); 149.0562
(6); 147.0448 (10);
137.0514 (70); 131.0523
(13); 123.0412 (11).
273.0771 (16); 255.0881
(3); 163.0797 (32);
153.0177 (15); 149.0640
(56); 147.0448 (8);
137.0588 (100); 123.0412
(93); 121.0674 (7).

273.1136 (73); 163.0716
(19); 149.0562 (22);
137.0588 (95); 123.0482
(71).

285.0768 (63); 270.0559
(100); 253.0512 (32);
242.0581 (16); 229.0905
(29); 225.0570 (61);
214.0637 (33); 213.0603
(31); 137.0666 (17);
137.0216 (48).
287.0920 (68); 269.0955
(10); 241.0897 (12);
167.0331 (28); 163.0716
(31); 153.0570 (24);
137.0588 (100).
303.0871 (71); 285.0746
(36); 193.0972 (10);
167.0825 (44); 123.0412
(30).

303.1226 (100); 285.0745

C6H602]+; [M - C8H80]+;
[M - C/HsO,]"; [M -
C7HgO:]"; [M - C;Hs05]";
[M - CoHgO,]".

[M - CsH,04]"; [M -
CgHgOl"; [M - CsH405]";
M - C6H603]+; [M -
C7H4O5]"; [M - CgHgO3];
[M - C;H,O,]".

M - 96H602]+; M - .
C7HeO,]"; [M - Cs"l403] ;
[M - CoH100,] "

[M - CHa]"; [M - CH,OT';
[M - C,H;0]"; [M -

C202]+; [l\f' - C2H402]+; ['Y'
- C3H30,]"; [M - C3H,O,]

[M - C9H802]+'

[M - CH,0,]"; [M -
C8H6O]+; [M - CeH403]+;
[M - C8H60]+; [M -
CsHoO,]".

M - OH2]+; M-
C7H702]+; [M - C9H804]+-

[M - CoHoO,]"; [M -

2011)

(Piccinelli
etal.,
2011)

(Awale et
al., 2008;
Bueno-
Silva et
al., 2013)

(Piccinelli
etal.,
2011)

(Awale et
al., 2008)

(Awale et
al., 2008)

(Awale et
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(13) (38); 257.1129 (13); H1003]"; [M - CoH1005]";  al., 2008;
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Isovestitol (9b) (19); 149.0562 (22); C;Hs0,]"; [M - CgH,0:]";  al., 2008;
137.0588 (95); 123.0482 [M - CgH100,]". Bueno-
(72). Silva et
al., 2013)
303.0871 (71); 285.0746
. ] . (36); 193.0972 (10); [M - OH,]"; [M - (Awale et
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(30).
257.0810 (10); 153.0177 -
(24); 147.0448 (33): c H['\g ]C‘ﬁ\'/?] c['n or" (Piccinelli
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(12); 123.0483 (4); 6o 2011)
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Figure 2. Structures of compounds 1-14 detected in red propolis sample (HBRP) and
fractions.
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Our group has identified and quantified previously (Frozza et al., 2013; Frozza
et al., 2016) typical compounds present in red propolis extracts as Liquiritigenin,
Formononetin and Biochanin A, which were further analyzed in this work. The MS
fingerprint of HBRP showing the isoflavones is presented in Figure 3. Formononetin
has recognized pro-apoptotic activity in different cancer cells (Hu & Xiao, 2015; Zhang
et al., 2014) as well as Biochanin A (Bhardwaj et al., 2014). Liquiritigenin has also
been investigated with potential activity against cancer (Sareddy & Vadlamudi, 2015).

In order to quantify, was developed a method using HPLC-UV and ESI-MS,
which was applied Liquiritigenin, Formononetin and Biochanin A standards. Limits of
quantification (LOQ) and limits of detection (LOD) were estimated for each analyte
from the regression analysis using the standard deviation of the intercept and the slope.
The R? values were > 0.997 for all analytes, indicating a good linear relationship.

Table 2 shows the quantified compounds and the respective detection and
quantification limits were 0.3 ppb and 1ppb, respectively. Linear working range was
from 1 to 1000 ppb; for Biochanin A, y = 1606.558027x +3930.724446, R = 0.999096;
for Formononetin, y = 3849.958134x + 4377.617848, R = 0.997997 and for
Liquiritigenin, y = 648.050189x +1827.463225, R = 0.999283.

The quantified compounds were isoflavonoids that could be potentially
responsible to antitumor activity. These results are different from previous studies that
evaluated the compositions of Brazilian red propolis especially for Formononetin which
presented a smaller value from others studies, however, account should be taken of the

diversify composition of samples (Table 3).
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Table 2. Biochanin A, Formononetin and Liquiritigenin’s composition in HBRP and its
active fractions (J and L) at mg/1 g of extract. Results are expressed as mean + standard

deviations of three determinations.

Sample Biochanin A (mg/g) Formononetin (mg/g)  Liquiritigenin (mg/g)

J Fraction n.d. 0.09 £ 0.004 11.65 + 0.450
L Fraction n.d. n.d. 0.04 £ 0.006
HBRP 0.28 +0.011 1.52 +0.040 1.66 + 0.030

n.d.; not detected

Table 3. Biochanin A, Formononetin and Liquiritigenin’s composition in HBRP from

other studies. Results are expressed as mg/1g of extract.

Origin of Brazilian

Ref. and Method - Biochanin A Formononetin Liquiritigenin
Red propolis
Daugsch et al., (2007)
RPHPLC / RPHPTLC Northeast 0.5 mg/g 10.2 mg/g 1.8 mg/g
Franchi et al., (2012)
RPHPLC Northeast 1.5 mg/g 19.5 mg/g 7.1 mg/g
Neves et al., (2016) Pernambuco 0.56 mg/g 2.86 mg/g nd
HPLC (2 samples) 0.17 mg/g 1.71 mg/g '
Cavendish et al., (2015) .
HPLC Sergipe n.d 21.62 mg/g n.d
Ribeiro et al., (2015) .
HPLG Sergipe 0.67 mg/g 23.29 mg/g n.d
Frozza etal., (2016) Sergipe 0.41 mg/g 2.37 mglg 1.54 mg/g
UFLC
This work Alagoas 0.27 mg/g 1.52 mg/g 1.66 mg/g

n.d.; not determinated
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3.2 Viability and morphological changes

The ability of the crude extract (HBRP) and their fractions (J and L) to inhibit
growth of laryngeal cancer cell was determined by MTT assay. According to the 1C50
results from cell viability after 24 h and 48 h extract incubation (Table 3), the HBRP
and fractions demonstrated potent cytotoxic activity. Moreover, both fractions, J and L,
exerted a stronger effect compared to the crude extract. The J fraction presented the
most cytotoxic effect against Hep-2 cells. This suggests that the cell line was more
sensitive to the fractions than to HBRP and the increased sensitivity may be correlated
with the purification of the sample. Fractionation decreases the number of compounds
in the treatment, and may increase the concentration of active compounds when
compared to exposure of the crude extract. By the way, some of these compounds have
been cited in the literature as natural anticancer products. According to Novak et al.,
(2014), which have tested red propolis fraction in others cell lines, the antiproliferative
and cytotoxic activities of Brazilian red propolis fractions on cancer cells may not
correspond singularly to the concentration of a unique component, but instead arise
from the synergistic antiproliferative activity of the individual compounds and further
isolation may be necessary to fully determine all of the active components.

In order to assess whether fractions induce any morphological changes, cells
were treated for 24 h, colored with Giemsa and then observed under a microscope. As
shown in Figure 4 red propolis treatment changed considerably the cellular morphology.
The examination of cancer cells through Giemsa staining revealed altered
morphological structure dependent of the concentration of sample used. The cells in the
negative control group that received hydroalcoholic solution of 2.5% (v/v) showed a
regular appearance, intensive growth, surrounded by abundant cytoplasm, represented

as healthy cells (Figure 4A). Different morphological patterns were observed in the cell
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culture that received J and L fraction (50 pg/mL) treatment (Figure 4 B and D). The
cells that received higher concentrations (75 pg/mL) (Figure 4 C and E) exhibited
decreased growth, loss of volume, cytoplasmic shrinkage, nuclear condensation and
deformation to a round appearance indicating several biological changes upon extract
cytotoxic activity. To confirm the condensation and fragmentation of nuclear DNA was
performed a more specific assay, DAPI. In the control group, the nuclei were roundish
and homogeneously stained with DAPI (Figure 5A). In contrast, the nuclei in the treated
Hep-2 cells were irregularly shaped, small, detached, presenting condensed chromatin
and had apoptotic bodies that are typical of the early and late stages of apoptosis (Figure

5B).

Table 3. IC50 results from cell viability after 24 h and 48 h extract incubation. The

values represent the media and standard deviation of at least triplicates.

Red propolis samples 24 h treatment 48 h treatment
IC50 (pg/mL) IC50 (pg/mL)

J Fraction 60.96 + 4.06° 30.71 + 3.54°

L Fraction 74.60 £ 2.39° 43.73 £ 2.84°
HBRP 145.40 + 6.56° 57.54 + 0.98

Different superscript letters within the same column indicate significant
differences between tested samples (p < 0.05, ANOVA One-way).
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Figure 4. Morphological structure of Hep-2 cancer cells through Giemsa staining

after 24 h of treatment. (A) control, (B) J fraction (50 pg/mL), (C) J fraction (75
pg/mL), (D) L fraction (50 pg/mL) and (E) L fraction (75 pg/mL). Arrows indicate

nuclear condensation.
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Control

J Fraction

8,

50 pg/mL

Figure 5. Nuclear morphological changes in Hep-2 cells after treatment with red
propolis samples for 24 hours followed by DAPI staining. (A) Control cells treated with

media with 2.5% ethanol; (B) Treated groups with 25, 50 and 75 pug/mL of J and L
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Fractions and HBRP. Arrows indicate apoptotic bodies of nuclear fragmentation

observed at 40x magnification under an inverted fluorescence microscope.

3.3 Flow Cytometry
3.3.1 Annexin/Pl

Cells were exposed to different concentrations of red propolis fractions revealed
that the percentages of late apoptosis cells were gradually increased (Figure 6).
According to our previous studies with samples from Sergipe (Frozza et al., 2014), red
propolis extract induced apoptosis in Hep-2 cancer cells in a dose-dependent manner
and the signaling to late apoptosis/necrosis increased in a significant way in the cells
treated with higher concentrations comparing with control group. Begnini et al., (2014)
also presented that red propolis extract induced in 5637 cells a higher percentage of late
apoptosis at 100 pg/mL concentration compared to the control. Note that most cells
exposed to enriched fractions presented a late stage of apoptosis phenotype compared to
the crude extract (HBRP). The low quantity of apoptotic cells were not eminent in the

HBRP once the concentrations used were below the 1C50 for 24 hours of treatment.
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Figure 6. Representative data after 24 h red propolis treatment incubation in Hep-2

cell line. The percentage of Annexin V-positive and Pl-negative cells in early stages of

apoptosis (bottom right) and Annexin V-positive and PI positive cells that were dead or

in late-stages of apoptosis (top right), are presented in each quadrant.
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3.3.2  Mitochondrial Membrane Potential and ROS measurement

Loss of mitochondrial membrane potential is an important event during the
mitochondrial pathway of apoptosis, so we investigated whether red propolis could
induce the loss of MMP in Hep-2 cells. As shown in Figure 7, the percentages of cells
with loss of MMP increased in cells treated with red propolis fractions at 50 and 75
pg/mL, respectively (Figure 7 A and B). This profile was not representative for HBRP
(Figure 7 C). These data provide evidence that red propolis triggers an intrinsic
mitochondrial apoptotic pathway in Hep-2 cells.

On the other hand, ROS generation is also linked to mitochondria. Fluorescence
probe DCFH-DA and DHR123 was used to determine the levels of ROS production in
Hep-2 cells. Levels of ROS in control and red propolis-treated cells are depicted in
Figure 8. Considering the damage to the cells upon treatment over the range of high
concentrations of red propolis in fractions J and L, ROS decreased levels in Hep-2 cells,
evidenced by the decreased 2—7-diacetyl dichlorofluorescein fluorescence. Kamiya et
al., (2012a) showed that red propolis has inhibitory effect on CdCI2-induced

cytotoxicity associated by the reduction of intracellular ROS accumulation.
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Figure 7. Effects of red propolis samples in MMP determined by fluorescence intensity. A, B — Red propolis fractions (J and L) and C — Crude
extract (HBRP).

91




T n

] Solvent Control
L1 Fraction 50 pg/mL
“ ] .2 J Fraction 75 pg/mL

Count
count

100 -

100 1

E H

§ 3

H %

o )
9
0 ' j 1 ' j 2 j 3 4
1[|4 10 10 10 10 10
DHR123 fluorescence

H Solvent Control
¥ . [ L Fraction 50 pg/mL
200 2°Z L Fraction 75 pg/mL
b 150 = I
§ § 200
(5] (3]
100 =
100 -
50 -
u 0 T T T
1l:l|:l 10 102 10 1l:l4 1IZI|:| 1IZI1 1IZI2 1IZI3 1IZI4
H2DCFDA fluorescence

DHR123 fluorescence

200 ' h

300 Solvent Control
L] HBRP 50 pg/mL
L7 HBRP 75 pg/mL

150

200 -

Count

Count

100

50 = 100

DHR123 fluorescence

g H d
| p .
T T T T
vias
! 2 3 o T "3 H
10 10 10 10 10
HZDCFDA fluorescence

Figure 8. Effects of red propolis samples on intracellular ROS which were determined by

fluorescence intensity. A, B — red propolis fractions (J and L) and C — crude extract (HBRP).

92



3.3.3 Cell Cycle Analysis

To determine whether the cytotoxic effect of the samples on Hep-2 cells was
associated with an induction of cell cycle arrest, the distribution of cells in various phases of
the cycle was analyzed using flow cytometry. The treated groups showed an accumulation
of cells in SUB G1-G0, S and G2-M phase (Figure 9). This increase in SUB G1-GO0 phase
can be considered as reflecting the induction of cell death. It has been generally accepted
that the increase of cells having SUB G1-GO DNA content is a marker of apoptotic cell
death (Mojzisova et al., 2016). In cell treatments a gradual decrease in the G1-GO0 phase was
observed. Novak et al., (2014) demonstrated that treated B16F10 cells with a fraction (I1V)
of Brazilian red propolis for 48 h revealed a significant increase of DNA fragmented (SUB

G1-GO0 phase) compared to control group.
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Figure 9. Cell cycle analysis of Hep-2 cells treated with red propolis samples (50
pg/mL or 75 pug/mL) or vehicle (2.5 % ethanol) for 24 h. Cells were stained with propidium
iodide and analyzed by flow cytometry to determine the percentage of cells in each stage of
the cell cycle. Representative histograms (panels A, B and C) are shown for red propolis

treatment with the quantification of the percentage of cells.
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3.1 DNA cleavage assay

To investigate the precise mechanism of the cell death induced by samples we
examined the mode of cell death by DNA cleavage assay. The fractions J and L
presented a stronger activity showing, respectively, a fast complete transformation of
the FI form to FII form trough single strand breaks (Figure 10 A) or even double strand
breaks with the formation of linear form (FIIl) (Figure 10 B). The crude extract,
however, presented no significant cleavage activity on plasmid DNA, but a slight
reduction of the supercoiled form (FI) with the corresponding increase in the open
circular form (FIl) (Figure 10 C). These results indicate that there are probably
antagonist substances in the crude extract or that the substances present in the fractions

only reaches the DNA molecule when purified.
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Figure 10. Graphics and photos showing the cleavage activity of J fraction (A),
L fraction (B) and of crude extract (C) on plasmid DNA. It can be observed that the
activity is higher in the fractions than in the crude extract and the fraction L present the
higher activity of all.

According to Kamiya et al (2012b) DNA fragmentation was observed in MCF-7

cells treated with ethanol extracts of Brazilian red propolis but the same was not seen in
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human Fibroblast cells. They indicated that endoplasmic reticulum stress plays a major

role in the ethanol extract of Brazilian red propolis, which triggers apoptosis.

4. Conclusion

In conclusion, our findings indicate that Brazilian red propolis fractions were
most effective against Hep-2 cancer cells in vitro when compared to crude extract.
Chemical characterization demonstrated that each fraction presents compounds that act
distinctly on cell metabolism bringing different responses of the cell signaling.

It is well known that single parameters will not define responses of a role
system, therefore combination of methods for reliable detection of apoptosis should be
considered. In this study, we found that fractions induced apoptosis in Hep-2 cells, as
verified by the formation of apoptotic nuclei that are characterized by chromatin
condensation and DNA fragmentation and these results are consistent with an
accumulation of cells in the sub-G1 apoptotic phase. However these fractions are
enriched with a group of compounds which needs to be isolated and tested individually
in further studies. In order to elucidate whether these molecules respond best as isolated
compound or generate increase activity in combination within enriched fraction, further

studies are mandatory.
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4. DISCUSSAO

Os beneficios da propolis tém sido amplamente explorados em vaérias areas da
medicina como um importante recurso na prevencdo, gestdo e tratamento de doencas
bucais e sistémicas (Freires et al., 2016). O numero crescente de publicacbes sobre as
propriedades antiproliferativas da prépolis vermelha brasileira e de seus constituintes
revela um enorme potencial no desenvolvimento de novos agentes anticancerigenos. A
maioria dos estudos com prépolis vermelha sdo baseados em ensaios de citotoxicidade
in vitro contra uma gama de células tumorais (de Mendonca et al., 2015; Franchi et al.,
2012). Além disso, efeitos sobre o perfil de expressdo diferencial de proteinas de
linhagens de cancer e efeitos moduladores sobre a carcinogénese in vivo também tém
sido relatados (Freires et al., 2016).

Os primeiros estudos do nosso grupo efetuaram uma abordagem com extratos
brutos da propolis vermelha oriunda de Sergipe, mostrando a composi¢do rica em
polifendis (151 mg/g) com capacidade de eliminar radicais livres, o que foi
comprovado pela medicdo do radical livre DPPHe, e inibir o crescimento de células
tumorais de forma seletiva em relacdo as células ndo tumorais (Frozza et al., 2013). Os
efeitos citotdxicos da propolis vermelha neste trabalho foram observados nas linhagens
tumorais Hep-2 e HelLa (adenocarcinoma cervical) e na linhagem ndo tumoral Hek-293
pelos periodos de 1 hora e 24 horas, sendo que a inibicdo do crescimento celular foi
estatisticamente maior nas linhagens tumorais.

O presente estudo investiga a prépolis oriunda de Alagoas na sua forma bruta e
fracionada e mostra que a identificagdo quimica reforca a complexidade de seus
compostos, entre eles pode-se citar flavondides como a Formononetina, Liquiritigenina,

Medicarpina e Biochanina A, além da identificacdo de novas moléculas como a
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Narigenina, (3S)-Vestitona, (3S)-Ferreirina, entre outras que ndo haviam sido
identificadas na amostra de Sergipe. Cada amostra de prépolis possui composi¢es
quimicas qualitativamente e quantitativamente diferentes de acordo com a localizagao
de procedéncia. Estes compostos identificados ja foram citados por outros autores e
alguns séo considerados marcadores da propolis vermelha (Lopez et al., 2014). Muitos
outros compostos estdo presentes nas amostras de prépolis, contudo ndo € possivel
identificar todos eles, desta forma, neste trabalho, a massa exata, a razdo isotdpica as
vias de fragmentacdo foram utilizadas para identificar e distinguir o maior niumero de
moléculas possivel. O conhecimento do perfil quimico das amostras de propolis faz com
que seja possivel entender melhor suas promissoras propriedades terapéuticas, sendo
que esta identificacdo e caracterizacdo podem ser efetuadas através da espectrometria de
massas com ionizacdo por electronspray, considerada uma técnica analitica rapida e
confiavel para a andlise direta de extratos hidroalcodlico de prdpolis (Buriol et al.,
2009).

O fracionamento, apresentado no Capitulo 3, possibilitou a aquisicdo de fracGes
com composicBes quimicas distintas, o que pode ser comprovado ndo sO pela
identificacdo quimica como também através dos efeitos distintos observados nos
ensaios bioldgicos. Em relacdo aos ensaios de citotoxicidade, as fracfes J e L tiveram
um resultado melhor do que ao extrato hidroalcodlico, sendo que a fracdo J foi a mais
citotoxica em ambos os periodos de tratamento (24 h e 48 h) (Tabela 3, Capitulo 3). Da
mesma forma, Novak et al., (2014) também realizaram um fracionamento da propolis
de Alagoas e testaram a melhor fracdo (contendo Xantoquimol e Formononetina) em
diversas linhagens celulares e em roedores. Os valores de 1C50 encontrados por eles
tambem foram inferiores ao extrato hidroalcodlico precursor das fragdes (Novak et al.,

2014). A citotoxicidade elevada das fragdes em relacdo aos extratos brutos pode néo ser
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exclusivamente devido a concentragdo de um Unico componente presente na amostra,
mas sim, a partir da atividade antitumoral sinérgica de varios compostos, 0s quais
devem ser identificados (Novak et al., 2014).

A quantificagdo dos compostos Biochanina A, Formononetina e Liquiritigenina
realizada neste estudo permite a comparagdo das duas amostras, de Sergipe e Alagoas
(Capitulo 2 e 3). Os valores encontrados para 0s trés compostos analisados nos extratos
brutos ndo foram discrepantes nesta comparacdo, contudo foi salientada a grande
quantidade de Liquiritigenina encontrada na fracdo J da amostra de Alagoas. Como,
ambas as fragdes, J e L, apresentaram comportamento citotoxico na linhagem tumoral,
pode-se esperar um sinergismo de compostos que atuem inibindo o crescimento celular,
ja que a grande quantidade deste composto na fracdo J ndo refletiu na sua atividade
bioldgica na mesma proporgao.

Com relagdo ao mecanismo de agéo, a inducdo de apoptose tem sido um dos
fatores propostos para os efeitos terapéuticos antitumorais da propolis, contudo o
mecanismo exato de atuacdo permanece obscuro, uma vez que cada amostra possui
particularidades Unicas. A escolha de parametros individuais ndo pode definir a resposta
de um sistema por inteiro, sendo assim, uma combinacdo de métodos deve ser
considerada para uma deteccdo fiel de apoptose, tendo em vista a quantidade de tipos de
morte celulares existentes (Galluzzi et al., 2012). A morte celular esta intrinsicamente
relacionada ao tratamento do céncer, servindo como funcao efetora principal de muitas
terapias antitumorais, sendo assim, as vias mitocondriais, associada com a morte celular
por apoptose, tem sido considerada um alvo terapéutico para o cancer (Lopez & Tait,
2015).

Neste estudo, conforme apresentado nos Capitulos 1 e 3, verificou-se que as

amostras induziram, ao menos em parte, apoptose em células Hep-2. As coloracfes por
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Giemsa (Fig. 4, Capitulo 1; Fig. 3, Capitulo 2 e Fig. 4, Capitulo 3), as quais
demostraram o efeito citotdxico tanto do extrato hidroalcodlico quanto das fracGes sobre
a morfologia celular, e por DAPI, onde foi verificada a formacgdo de corpos apoptéticos
e a condensacdo de cromatina, evidenciaram caracteristicas marcantes de apoptose. A
propolis proveniente de Sergipe (Capitulo 1) mostrou aumento de células em apoptose
tardia no ensaio de TUNEL e na marcacdo in situ de Anexina-V/PI (Fig. 3 e 5, Capitulo
1), da mesma forma, a propolis proveniente de Alagoas, também apresentou este
aumento de células em apoptose tardia, nos grupos tratados com as fra¢fes, no ensaio
Anexina-V/PI utilizando citometria de fluxo (Fig. 6, Capitulo 3). Além do mais, 0
aumento do ndmero de células na fase SUB G1-GO do ciclo celular (Capitulo 3)
também é um marcador de morte celular por apoptose (MojZzisova et al., 2016).

Alguns constituintes da propolis ja foram descritos como pré-apoptoéticos em
células cancerosas. O aumentou do indice de células em apoptose foi observado em
células cancerosas de péancreas e de pulmdo no tratamento com Biochanina A e
Formononetina, respectivamente (Bhardwaj et al., 2014; Yang et al., 2014). Ja a
Liquiritigenina apresentou efeitos citotdxicos contra células de carcinoma hepatocelular
causando alteracbes apoptdticas mitocondriais (Wang et al., 2014). Como estes
flavonoides estdo presentes nas amostras, isto pode justificar, em parte, os resultados
encontrados.

Os resultados provenientes do ensaio de ROS (Capitulo 3) revelaram que as
fracOes e o extrato hidroalcodlico ocasionaram diminuicdo na formacdo de ROS nas
células que receberam tratamento. Kamiya et al., (2012a) também relatou esta
diminuicdo causada pelo tratamento com prépolis vermelha, o autor acrescenta que as
especies reativas de oxigénio, as quais estdo relacionadas a varias doencas, podem ser

diminuidas através de produtos naturais. Contudo, a diminuicdo de ROS encontrada
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aqui pode ser justificada pela diminuicdo do potencial de membrana (Ferranti et al.,
2003), pois uma vez a membrana estando exaurida, a mesma fica incapaz de gerar novas
espécies reativas. Enquanto que a fragmentacdo do DNA Plasmidial, observada no
Capitulo 3, pode ser corroborada com os estudos de Kamiya et al., (2012b) que também
relataram a fragmentacdo do DNA da linhagem MCF-7 de cancer de mama, tratada com
extrato hidroalcodlico de prépolis vermelha.

A andlise protedmica realizada utilizando as concentracdes (IC50) de extrato
hidroalcodlico de propolis vermelha em células tumorais Hep-2 e na linhagem Hek-293,
ndo tumoral, pelo periodo de 1 hora, indicou perfis proteicos diferentes quando
comparado ao controle que recebeu a mesma quantidade de solugdo hidroalcodlica
(Capitulo 2). Tomadas em conjunto, as células tumorais e ndo tumorais tratadas com
propolis vermelha apresentaram proteinas diferencialmente expressas relacionadas com
uma série de vias metabdlicas. Algumas proteinas identificadas (TLN1, EPIPL, FSCN1,
VINC e ROAL1) apresentam-se em grande quantidade nos tecidos dos tumores de laringe
comparado ao fenotipo dos tecidos sem tumor, as quais apresentaram expressao
diminuida apés tratamento com extratos da propolis (Li et al., 2014). Ainda mais
importante, a grande maioria das proteinas que sofreram regulacdo foram relatadas em
literatura recentemente e participam, direta ou indiretamente, dos mecanismos de
sinalizacdo celular do cancer (Ali et al., 2014; Sonoda et al., 2010; Tan et al., 2013).
Assim, os resultados forneceram uma visdo abrangente para a compreensao da
expressdo proteica apds exposicao a propolis vermelha, principalmente nas células Hep-
2. Esses resultados podem ser facilmente comparados e complementados com outros
estudos protedmicos, beneficiando uma futura aplicacéo clinica e o desenvolvimento de

medicamentos contra o cancer.
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Os resultados da protedmica comparativa mostram que a propolis interage com
um conjunto de eventos intracelulares e, assim, passa a ser uma candidata promissora
para inibir o crescimento celular e contribuir para os diferentes passos relacionados com
0 processo de carcinogénese. Os efeitos sobre algumas proteinas aqui identificadas
sugerem outras aplicacdes como alvos moleculares para intervencdo terapéutica em
varios tipos tumorais como € o caso da proteina TLN1, a qual esté relacionada ao cancer
de prostata (Sakamoto et al., 2010), carcinoma hepatocelular (Zhang et al., 2011) e ao
carcinoma de células escamosas orais (Lai et al., 2011).

Ensaios baseados em estudos protedmicos sdo particularmente valiosos na
busca de agentes terapéuticos, ndo somente ao selecionar atividade contra um alvo
molecular particular, mas também para outras propriedades desejaveis, tais como as
interagBes proteina-proteina e para permear as células e reter atividade bioldgica.
Embora os mecanismos moleculares pelos quais a prépolis vermelha interaja com o
metabolismo das células permanecem ainda desconhecidos, estudos adicionais,
incluindo testes citogenéticos e moleculares servirdo para melhor elucidar a atividade

antitumoral aqui observada.
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CONCLUSOES

Os dados obtidos neste estudo permitem concluir que:

Os extratos hidroalcodlicos de prépolis vermelha, de Sergipe e de Alagoas,
possuem em suas constituicbes principalmente flavonoides que conferem
importantes propriedades bioldgicas;

As concentracdes de extrato hidroalcodlico de prépolis vermelha e as fracGes
utilizadas foram capazes de inibir o crescimento de células tumorais;

A coloracdo com DAPI permitiu a visualizacdo de corpos apoptdticos e
condensacédo da cromatina na linhagem Hep-2 tratada com propolis vermelha;
Tratamentos com prépolis vermelha diminuiram a producdo de ROS e o
potencial de membrana mitocondrial das células Hep-2;

Tratamentos com as propolis vermelhas, provenientes de Sergipe e de Alagoas,
resultaram em aumento de apoptose tardia em células Hep-2;

O DNA plasmidial apresentou danos apds exposi¢do a propolis vermelha;

A linhagem Hep-2 apresentou perfil proteico distinto na presenca ou auséncia de
extratos da propolis vermelha comparada a linhagem nao tumoral,

Dentre as proteinas identificadas na linhagem Hep-2, apds exposicao a prépolis
vermelha, algumas apresentaram expressao diferencial em relacdo ao grupo

controle, as quais estdo relacionadas ao processo de carcinogénese.
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PERSPECTIVAS FUTURAS

Como continuidade deste trabalho seria importante:

Avaliar e validar a expressdo de proteinas diferencialmente expressas na
linhagem Hep-2 apo6s tratamento com prépolis vermelha através de
imunofluorescéncia indireta e Western blot;

Avaliar as caspases envolvidas no processo de apoptose nas células Hep-2
tratadas com propolis vermelha;

Realizar estudos protebmicos a partir de linhagens tratadas com as fracGes de
prépolis;

Realizar isolamento de compostos a partir das fracdes;

Testar 0s compostos obtidos, a partir das fragdes, em linhagens tumorais in vitro
em conjunto e isoladamente;

Realizar ensaios in vivo com 0s compostos mais ativos das fraces de propolis

vermelha em células tumorais.
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Propolis is known for a long time for its health benefits and biological activities. Here, the red variety from
the northeast of Brazil was chemically analyzed and extracts were investigated regarding their antioxi-
dant and antitumor activity. Hydroalcoholic extracts, obtained from the red propolis, revealed polyphenol
content, 2,2-diphenyl-1-picrylhydrazyl scavenging potential and enzymatic activities for catalase-like
and superoxide dismutase-like. Cytotoxic activity was evaluated for human laryngeal epidermoid carci-
noma cell (Hep-2), human cervical adenocarcinoma (HeLa) and human normal epithelial embryonic kid-
ney (Hek-293). Survival analysis for non-tumor cell line showed greater IC50 compared to tumor cell
lines, suggesting an increased sensitivity that may correlate with the higher proliferative index of the
tumor vs. normal cells. Our results indicate that the Brazilian red propolis is capable of inhibiting cancer

cell growth and constitutes an excellent source of antioxidant and antitumor natural agent.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Propolis is a natural resinous product of honey bees that has
been used for centuries in traditional medicine all over the world
(Burdock, 1998; Castaldo and Capasso, 2002; Daugsch et al.,
2008). More than 300 compounds have been identified so far from
different propolis samples. The composition of propolis varies
according to its botanical origin; generally it contains resin and
vegetable balsams, wax, essential and aromatic oils, pollens, and
others (Lustosa et al., 2008; Sforcin, 2007).

In the last 30 years, different sort of propolis became subject of
intense pharmacological and chemical studies to improve health
and prevent illnesses (Li et al., 2008; Lustosa et al., 2008; Sforcin,
2007). Brazilian propolis was classified into 12 groups based on
their physicochemical characteristics (Park, 2000). The propolis
type most commercialized is known as “green propolis” and it
has been extensively studied and used in foods and beverages

* Corresponding author. Address: Universidade de Caxias do Sul, Rua Francisco
Gettlio Vargas 1130, 95070-560 Caxias do Sul, RS, Brazil. Tel.: +55 54 218 2100; fax:
+55 54 218 2664.

E-mail address: mrely@ucs.br (M. Roesch-Ely).

0278-6915/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.fct.2012.11.013

(Moraes et al., 2010). However 13th type named red propolis has
been an important source of investigation since 2007 by local
and international research groups. Beside differences in chemical
composition, Franchi et al. (2012) reported that red propolis is
more cytotoxic than the green sort in cell lines of leukemia.

The red propolis variety is obtained in the northeast of Brazil.
This unique propolis composition has not been found elsewhere
out from this country. Its botanical origin is Dalbergia ecastophyl-
lum (L) Taud. (Leguminosae), responsible for the red color of the
propolis (Daugsch et al., 2008; Franchi et al., 2012; Piccinelli
et al.,, 2011; Silva et al., 2008; Silva, 2007), with the presence of
two pigments: retusapurpurin A and B (Piccinelli et al., 2011).

Red propolis has been shown to present several biological activ-
ities such as: antibacterial (Cabral et al., 2009; Righi et al., 2011),
antifungal (Siqueira et al., 2009), anti-inflammatory (Barreto,
2008), antiulcerative (Pinheiro, 2009), antioxidant (Cabral et al.,
2009; Righi et al., 2011), antitumor (Alencar et al., 2007; Li et al.,
2008), among others. Antioxidants are known to protect against
oxidative stress, which has been involved in the development of
several chronic diseases, including cardiovascular disease and can-
cer (Da Costa et al., 2012). They can prevent the formation of reac-
tive species, scavenge, neutralize and remove reactive species,


http://dx.doi.org/10.1016/j.fct.2012.11.013
mailto:mrely@ucs.br
http://dx.doi.org/10.1016/j.fct.2012.11.013
http://www.sciencedirect.com/science/journal/02786915
http://www.elsevier.com/locate/foodchemtox

138 C.0. da Silva Frozza et al./Food and Chemical Toxicology 52 (2013) 137-142

beside inhibiting oxidative chain reactions, chelating reactive met-
als, and repairing damage to biological molecules (Da Costa et al.,
2012). The antitumor activity of propolis has been widely studied
(Valente et al., 2011).

The aim of this study was to investigate the major compounds
presented in the hydroalcoholic red propolis extracts from the
northeast of Brazil, Sergipe. Moreover, this study also evaluated
the antioxidant activity and the cytotoxic effect of red propolis ex-
tract against well-known classic tumor cancer cell lines (Hep-2,
HeLa), which was compared with as the non-malignant one
(Hek-293), all lines presenting the same epithelial morphology.

2. Materials and methods
2.1. Chemicals

Dulbecco’s modified eagle’s medium-high glucose (DMEM), trypsin-EDTA,
3-(4,5-dimethylthiazol-2-yl)-2,5-dipheyl-tetrazolium bromide (MTT), Folin-
Ciocalteu’s phenol reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH"), dimethyl sulfox-
ide (DMSO) and crystal violet were purchased from Sigma-Aldrich (St. Louis, MO,
USA); ethanol was from Merck (Darmstadt, Hesse, GE). Heat-inactivated fetal
bovine serum (FBS) was purchased from Cultilab Lab Inc. (Campinas, SP, BR) and
penicillin-streptomycin were purchased from GIBCO™ Invitrogen (Grand Island,
NY, USA). All other chemicals were of ultrapure grade and obtained from Sigma-
Aldrich (St. Louis, MO, USA).

2.2. Red propolis sample

Red propolis was collected in the year 2010, in the Capivara Apiary in Brejo
Grande, state of Sergipe in the northeast of Brazil (10°28'25”S and 36°26'12"W).
The propolis was protected from light and frozen at —20 °C until extract preparation
was proceeded.

2.3. Preparation of red propolis extract

Propolis was ground to a fine powder and 1g (dry weight) was mixed
with10 mL of EtOH-H,0 70% (v/v) and shaken at room temperature for 24 h. After
extraction, the mixture was filtered and the solvent was evaporated and produced a
red fine powder. The dry extract was kept frozen at —20 °C and prepared at different
concentrations with EtOH-H,0 50% (v/v), and finally filtered through a 0.22 um
polyethersulfone membrane (TPP, Techno Plastic Products, Switzerland).

2.4. Chemical characterization

The propolis dry extract was dissolved in a solution of 70% (v/v) chromato-
graphic grade ethanol (Tedia, Fairfield, OH, USA), 30% (v/v) deionized water and
0.1% formic acid. The propolis solution was infused directly into the ESI source by
means of a syringe pump (Harvard Apparatus) at a flow rate of 10 uL min~".
ESI(+)-MS and tandem ESI(+)-MS/MS were acquired using a hybrid high-resolution
and high accuracy (5 pL/L) Orbitrap mass spectrometer (Thermo Fisher Scientific,
USA) under the following conditions: capillary and cone voltages were set to
+3500V and +40V, respectively, with a desolvation temperature of 100 °C. For
ESI(+)-MS/MS, the energy for the collision induced dissociations (CID) was opti-
mized for each component. Diagnostic ions in the different propolis samples were
identified by the comparison of their ESI(+)-MS/MS dissociation patterns with com-
pounds identified in previous studies (indicated in Table 1). For data acquisition and
processing, Xcalibur software (Thermo Fisher Scientific, USA) was used. The data
were collected in the m/z range of 70-700 at the speed of two scans per second, pro-
viding the resolution of 50.000 (FWHM) at m/z 200. No important ions were ob-
served below m/z 200 or above m/z 650, therefore ESI(+)-MS data is shown in the
m/z 200-650 range.

2.5. Determination of total phenolic content

Total phenolic content of the extract was measured by using the Folin-Ciocalteu
colorimetric method of Singleton and Rossi (1965) with slight modifications. Briefly,
100 pL of the hydroalcoholic extract (1 mg/mL) was mixed with 400 pL of sodium
carbonate (7.5%, w/v) and 500 pL of Folin-Ciocalteu reagent. After 30 min in the
dark, the absorbance was measured at 765 nm in a spectrophotometer (model
UV-1700 spectrophotometer, Shimadzu, Kyoto, Japan). Gallic acid was used as stan-
dard to produce the calibration curve. The total phenolic content was expressed in
mg of gallic acid equivalents/g of dry extract.

2.6. Antioxidant activity assays

2.6.1. DPPH' radical scavenging assay

DPPH: assay was carried out using a modified Yamaguchi et al. (1998) method.
Briefly, the extract was diluted at different concentrations (25-750 pg/mL) and
added to Tris-HCI buffer (100 mM, pH 7.0) containing 250 umol L~ DPPH" dis-
solved in ethanol. The tubes were stored in the dark for 20 min and absorbance
was measured at 517 nm. Results were expressed as IC50 (amount of the extract
needed to scavenger 50% of DPPH").

2.6.2. SOD-like and CAT-like assays

To evaluate enzyme-like activities, red propolis extracts were prepared in a con-
centration of 100 pg/mL. SOD-like assay was done by measuring the inhibition of
self-catalytic adrenochrome formation rate at 480 nm, in a reaction medium con-
taining 60 mM/L of adrenaline (pH 2.0), and 50 mM/L of glycine (pH 10.2). This
reaction was performed at 30 °C for 3 min (Bannister and Calabrese, 1987) with dif-
ferent volumes of propolis extract (50, 25 and 10 pL). The result was expressed in
units of Sod-like.

CAT-like assay was performed by determining hydrogen peroxide (H,0,)
decomposition rate at 240 nm (Aebi, 1984). This reaction, containing 2910 puL of
phosphate buffer (pH 7.0), 70 uL of H,0, (0.3 M) and 20 pL of red propolis extract,
was performed at 30 °C for 3 min. Results were expressed as millimoles of H,0»
decomposed/min.

2.7. Cell culture

Hep-2 (human laryngeal epidermoid carcinoma cells) and HeLa (human cervical
adenocarcinoma) cancer cell lines and Hek-293 (human normal epithelial embry-
onic kidney) non-tumor cell line were purchased from American Type Culture Col-
lection (ATCC), Manassas, VA, USA. Cells were cultured in DMEM supplemented
with 10% heat-inactivated FBS, and 1% penicillin-streptomycin. Cells were main-
tained in a humidified atmosphere at 37 °C, in 5% CO,, and 95% air. The cytotoxicity
study was performed when the cells reached 70-80% confluence.

2.8. Cytotoxic assay

2.8.1. MTT assay

Cell viability was measured using the MTT assay, which is based on the conver-
sion of MTT to formazan crystals by mitochondrial dehydrogenases (Mosmann,
1983). Briefly, cells were seeded into the 96-well plates at a density of 5.0 x 10 -
cells/mL, in a volume of 100 pL of supplemented culture media. After 24 h, cells
were treated with different concentrations (50-150 pg/mL) of red propolis extract
and incubated at 37 °C in 5% CO, for 1 or 24 h. Negative controls were treated with
the same amounts of hydroalcoholic solution. Cells treated for 1 h with propolis ex-
tract were subsequently incubated in fresh medium for 24 h. The medium was re-
moved and 1 mg/mL MTT dye in serum-free medium was added to the wells. Plates
were incubated at 37 °C for 2 h in humidified 5% CO, atmosphere. Subsequently, the
MTT solution was removed and the obtained formazan violet product was dissolved
in 100 puL DMSO. Absorbance was measured using a microplate reader (Spectra Max
190, Molecular Devices, USA) at 570 nm. All readings were compared with the con-
trol, which represented 100% viability. The percentage growth inhibition was calcu-
lated using the equation developed by Monks et al. (1991): cell viability
(%) = (absorbance of experimental wells/absorbance of control wells) x 100. The
IC50 (concentration pg/mL that inhibits cell growth by 50%) ratio of cancerous
(HeLa and Hep-2) and non-tumor (Hek-293) cell was also calculated. Each experi-
ment was performed in triplicate and independently repeated at least four times.

2.8.2. Clonogenic assay

The clonogenic assay is based on the ability of cell to form colonies after the ex-
tract treatment (Mirabelli et al., 1985). After trypsinization, 200 Hep-2 cells were
added to each 06-well microtiter plate and incubated overnight at 37 °C in 5%
CO, atmosphere. The supernatant was discarded and the cells were exposed to dif-
ferent concentrations (0.01-10 pg/mL) of the hydroalcoholic extracts for 24 h.
Afterward, the medium was replaced with a fresh one. Colonies were allowed to
grow for 1 week at 37 °C, 5% CO,. The medium was then removed, the colonies were
fixed in methanol and stained with 0.1% crystal violet and then counted. The toler-
ance limit was determined by the ability of a cell to form a colony containing more
than 50 cells.

2.9. Statistical analysis

Results were expressed as mean * standard deviation obtained from three inde-
pendent experiments. Statistical significance was evaluated using t-test and one-
way analysis of variance (ANOVA) with post hoc multiple comparisons procedure
(Tukey test) to assess statistical differences in case of normal distribution. Signifi-
cance was accepted at p lower than 0.05 using the Statistical Package for Social Sci-
ences (SPSS, version 19.0) for Windows.
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Table 1
ESI(+)-MS/MS data for major compounds found in red propolis from Sergipe.
Entry  Precursor ion Identification Elem. Diff. Fragment ions MS/MS (%)[MS2]{MS3} Fragmentation pathways Ref.
m|z (%) comp. (ppm)
1 221.1204 (25) 6-Acetyl-2,2- C3H1705 2392 206.0969(100)[196.5332(100); 137.1431(80)]. 206.0969 [M—CHs] Valcic
dimethyl-3- et al.
hydroxychroman (1999)
2 255.1022 (8) 2-Hydroxy-4- CieH1503  0.316 Righi
methoxychalcon et al.
(2011)
3 257.0811(9) Liquiritigenin Ci5H1304  1.068  242.0582(20); 239.0700(100) [211.0755(100) 239.0708 [M—OH]; 211.0759 Piccinelli
{(196.5468(80); 183.0809(15); 137.177(100)}; [M—-OH-CO); 196.5468(M—OH- et al.
196.5520(20); 137.1649(20)]; 229.0868(25); CH,); 147.0441[M-CgHgO2]; (2011)
211.0755(30); 178.9466(15); 163.0888(7); 137.0236[CgHq0,]*
147.0441(100); 137.0236(100).
4 269.0820 (100) Formononetin CigH1304 0265  254.0575(100) [237.0552(100); 226.0624(30); 254.0575[M—CHs]; Piccinelli
136.0155(10)]; 241.0865(15); 237.0552(60) 237.0552[M—OH-CH]; et al.
[209.0604(100)]; 213.0917(100) [198.0680(100);  136.0155[M—CH5-PhOH-C,H,]  (2011)
195.0810(70); 182.0725(20)]; 107.0492(15).
5 271.0975 (16) Medicarpin CieH1504  0.125  253.0858(30) [225.0909(100); 196.5134(20); 253.0858|[M—OH]; Piccinelli
137.1273(20)]; 239.0700(5); 229.0868(5); 239.0700[M—0CHs]; et al.
177.0546(7); 163.0388(7); 151.0394(100) 151.0394[CgH,05]* (2011)
[137.0600(10); 131.0494(100)]; 137.0600(5);
131.0494(30).
6 285.0765 (44)  Biochanin A CigHi30s  0.707  270.0534(100) [253.0493(60); 242.0582(20); 270.0534[M—CHs]; Piccinelli
214.0621(30); 137.0236(100)]; 257.0811(25); 257.0811[M—CO]; et al.
253.0493(60) [225.0552(100) {197.0599(100); 253.0493[M—OCH;]; (2011)
137.1576(100}]; 229.0868(30) [211.0755(90); 137.0236[C7H505]*
197.0599(100); 183.0809(20)]; 225.0552(20);
152.0104(7); 137.0236(25).
7 523.1751 (8) Retusapurpurin ~ C3pHp;0; 0 399.1220(50) [387.1244(100); 373.1066(20)]; 399.1220 [M—Ph-OH-OCH3]; Piccinelli
B 387.1244(100) [371.0919(100); 355.0979(30); 387.1244 [M—Ph-OCH3-OCH,]; et al.
279.0645(30); 196.5436(5)]; 386.1164(30); 386.1164 [Co4H505]"; 371.0919  (2011)
371.0919(15). [C23H1505]*
8 611.1965 (10) Hesperetin 7- CygH35015  1.792 Sulaiman
rhamnoglucoside et al.
(2011)

3. Results and discussion
3.1. Chemical characterization

Red propolis was collected from a geographic region on north-
east of Brazil known as Brejo Grande, situated in the state of Serg-
ipe. To our knowledge, this is the first report that investigates the
major compounds presented in the hydroalcoholic red propolis ex-
tracts from Sergipe by ESI-MS and ESI-MS/MS techniques and con-
firms its antioxidant activity and cytotoxic effect against cancer
cell lines. In this study is shown that the red Brazilian propolis ex-
tract from Sergipe is characterized by a complex mixture of inter-
esting chemical compounds, similar to the red propolis found in
other regions of the northeast of our country. Chemical composi-
tion of Brazilian red propolis extracts from the northeast region
has been extensively characterized by several recent studies, most
of them describe similar components, including the major com-
posts here investigated and listed in Table 1. The red propolis pre-
sents high concentration of phenolic acids and flavonoids such as
formononetin, isoliquiritigenin, liquiritigenin, medicarpin, and
biochanin A (Awale et al.,, 2008; Daugsch et al., 2008; Franchi
et al,, 2012; Li et al.,, 2008; Moraes et al., 2010; Piccinelli et al.,
2011). These compounds have been associated with a variety of
health benefits (Li et al., 2008).

Considering the complex constituents of the red propolis sam-
ple, we used ESI-MS and ESI-MS/MS techniques, which are impor-
tant tools to characterize and identify metabolites. They have been
applied for the rapid analysis of natural products, such as flavo-
noids (Vessecchi et al., 2011) and terpenoids (Yang et al., 2007).
The measurements were done in high-resolution direct-infusion
mass spectrometry (HR-DIMS) Orbitrap (Thermo Fisher Scientific,
USA). Formic acid was introduced into the sample solution and

the system operated in positive mode. The instruments accurate
mass measurement gives the elemental composition of parent
and fragment ions. For direct comparison with different propolis
samples reported in the literature, the majority of compounds
could be detected in the positive ion mode (Table 1). Since the
widely accepted accuracy threshold for confirmation of elemental
compositions was established as 5 ppm (Lacorte and Fernandez-
Alba, 2006), this usually provides highly reliable identification of
the target compounds. In addition, mass measurement accuracy
is also easily obtained for all the characteristic fragment ions, thus
providing two sets of important information for unequivocal iden-
tification, being able to differentiate also isobaric interferences.
Thus, the main chemical compounds are shown in Table 1.

The full mass spectrum in Fig. 1 shows the isoflavones formo-
nonetin (m/z 269.0820) and biochanin A (m/z 285.0785) as the
main components. They have been described in most articles iden-
tifying propolis chemical compositions (Awale et al., 2008; Franchi
et al., 2012; Piccinelli et al., 2011). In the same way, the hesperetin-
7-rhamnglucoside, a sugar group substituted for some of the
hydrogen atoms of the flavones, also has been reported (Gémez-
Romero et al., 2011; Lu et al., 2004; Sulaiman et al., 2011). The
structural elucidation of other product ions in MS spectrum is
not trivial and the deduction needs further confirmation.

The fragmentor voltage usually cannot be fixed for each com-
pound independently due to the proximity of other targets, and
the appropriate collision energy was changed in accordance. From
these fragmentation pathways we can infer the presence of liquir-
itigenin (m/z 257.0811), instead of isoliquiritigenin (m/z 257.0811)
(Fig. 2). Because of its structural difference, the loss of carbon mon-
oxide (—CO) would not be seen in isoliquiritigenin.

Li et al. (2008) investigated the in vitro cytotoxic activities of
several Brazilian red propolis isolated compounds. Among the mol-
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Fig. 2. ESI(+)-MS/MS of liquiritigenin (m/z 257.0811).

ecules investigated, isoliquiritigenin and medicarpin showed po-
tent activity against cancer cell lines as colon 26-L5, B16-BL6 and
Hela, whereas formononetin, biochanin A and liquiritigenin
showed cytotoxic activity against the colon 26-L5 line. Kanazawa
et al. (2003) showed that isoliquiritigenin has a potent activity
against prostate cancer.

3.2. Total polyphenol content and antioxidant activity

Hydroalcoholic extract obtained from red propolis showed high
polyphenolic content (Table 2). Polyphenols are part of the chem-
ical composition found in red propolis that varies according to the
year and location of collection. Extracts taken from the northeast of

Table 2

Brazil revealed different amounts of polyphenols: 154 mg/g
(Moraes, 2009), 232 mg/g (Alencar et al., 2007) and 257 mg/g
(Cabral et al., 2009). This difference is possible due the different
method of extraction, beside the geographic localization. Phenolic
compounds present in propolis are known to possess antioxidant
properties, and these properties may play a key role in the
anticancer activity.

The hydroalcoholic extract of red propolis showed important
DPPH: scavenging ability. DPPH:" is a widely used method to evalu-
ate antioxidant activity. This simple and highly sensitive assay
measures the ability of the extract to donate electrons to the stable
radical DPPH (Moon and Shibamoto, 2009). Red propolis extract
showed similar results (Table 2) to those obtained by Pinheiro

Total phenolic content, DPPH. radical scavenging, superoxide dismutase-like, and catalase-like activities in red propolis extracts.

Sample Total phenolic content DPPH. radical scavenging Superoxide dismutase-like Catalase-like activity (mmol of H,0, decomposed/min)
mg/g dry extract? I1C50° USOD-like
Red propolis 151.55+1.95 270.13 £24.77 466.90 + 12.40 13.13 £2.65

Results presented as mean + SD.
@ Gallic acid equivalents.

> Amount (pg/mL) of red propolis extract required to scavenge 50% of the DPPH. radical.
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Fig. 3. Inhibitory effects of red propolis on Hep-2 and HeLa cancer cell lines and on Hek-293 normal cell line.

(2009) with red propolis from the same geographic region, with
IC50 of 294 pg/mL, confirming the potential DPPH' scavenging.

Superoxide dismutase is an important enzyme that catalyzes
the dismutation of superoxide anion (02~) to oxygen and H,0,,
while catalase converts H,O, to water and molecular oxygen
(Halliwell and Gutteridge, 2007). The extract prepared from red
propolis showed important SOD-like and CAT-like activities (Ta-
ble 2). It is known that antioxidant enzymes have an important
role in maintaining physiological redox equilibrium, decreasing
oxidative stress.

3.3. In vitro cytotoxic activity

3.3.1. MTT assay

In order to investigate cytotoxic effects of red propolis, this
work analyzed the hydroalcoholic extract activity on tumor
(Hep-2 and HeLa) and non-tumor (Hek-283) established cell lines.
Fig. 3 shows the results from cell viability after 1 h extract incuba-
tion using a concentration range (10-150 pg/mL) of red propolis
extract. Inhibitory effects of red propolis hydroalcoholic extract
were more significant in higher concentrations on tumor cell lines
when compared to the non-tumor ones, suggesting an increased
sensitivity that may correlate with the higher proliferative index
of the tumor vs. normal cells, once the same concentration of ex-
tract was able to inhibit cell proliferation more efficiently in the tu-
mor lines here investigated. Results are even more prominent in
24 h propolis extract treatment (Table 3), where no IC50 was ob-

Table 3
IC50 for 1 h and 24 h treatment with red propolis extracts in different cell lines.

Treatment (pg/mL) IC50 (pg/mL)

Normal cell line
Hep-2 Hela Hek-293

1-h 128.12+5.33 85.77 £1.00 >150
24-h 63.48 +3.30 81.40 £ 6.40 >150

Tumor cell lines

IC50 (pg/mL) presented as mean * SD.

" Statistical significance between 1- and 24-h of treatment in Hep-2 cells. No sta-
tistical significance was found for HeLa and Hek-293 for 1- and 24-h of treatment,
according to t-test (p < 0.05).

tained for normal cell lines. Although longer red propolis extract
incubation time has been reported in the literature for different
cell lines (Alencar et al., 2007; Filardi, 2010; Franchi et al., 2012;
Silva, 2007) previous results from our group (data not shown) gen-
erated spectra interference for long incubation periods, probably
due to colorimetric responses caused by the inherit red pigmenta-
tion of the extract in higher doses.

A recent report using primary cultures of normal and malignant
cells showed that methanol extracts of Portuguese propolis also
presented in vitro selectivity (Valente et al., 2011). Results were
also observed on primary prostate cancer cells compared to normal
human prostate epithelial cells, which showed higher inhibitory
efficiency in treated cells with propolis extracts (Moraes et al.,
2010). It is known that selectivity is an important parameter in
cancer prevention, as in therapy associated to the development
of natural products, where new and effective drugs with reduced
collateral effects are discovered.

3.3.2. Clonogenic assay

To discard possible colorimetric interference, extracts tested in
Hep-2 were also submitted to the clonogenic assays, which
showed lower IC50 value (1.86 +0.01 pg/mL) compared to the
absorbance-based (MTT) assay. The clonogenic test is a method
that consists of a direct investigation with colony formation after
168 h, where colorimetry plays no interference. In the clonogenic
assay, no colony formation was observed at 10 pg/mL of red prop-
olis extract, showing the importance of evaluating effects of
chronic exposure (168 h) compared to short-term (1 and 24 h) as-
says. Considering that MTT-based method is still one of the most
widely used assays for measuring acute cytotoxic effects of com-
pounds and that consists of an easy, sensitive, rapid and low cost
assay, results here presented were based on this experimental
protocol.

The inhibitory effect against cancer cell growth exhibited by dif-
ferent propolis samples may be related to an overall effect of the
phenolic compounds present in each extract, the region and year
where the material was collected. Our results confirm the in vitro
cytotoxic effects of red propolis in different tumor cell lines, indi-
cating a clear anticancer activity by inhibiting cell growth prolifer-
ation at different levels.
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4. Concluding remarks

The data here presented indicate that red propolis is composed
of complex molecules and exhibits important biological properties
with capacity to scavenge free radicals and to inhibit tumor cell
growth. Although the molecular mechanisms by which propolis
interacts with cell metabolism remain unclear, further studies
including isolation of major bioactive compounds with cytogenetic
and molecular tests will better elucidate the antioxidant and anti-
cancer activities here observed. Isolated compounds should also be
investigated regarding its biological properties against different tu-
mor and non-tumor cell lines, using both MTT-based and clono-
genic assays. The biological effects of chronic exposure for
clonogenic assays observed by natural products including propolis
should be considered as a validation method and a critical tool for
testing natural compounds.
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