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RESUMO

A proépolis vermelha brasileira tem atraido interesses cientificos e econémicos
devido as suas variadas atividades biologicas. Este produto natural possui composicao
quimica diferente de acordo com a regido na qual € encontrado, sendo necessaria uma
completa caracterizacdo quimica para cada tipo de prépolis, a fim de se elucidar os
compostos presentes e possivelmente responsaveis por estas atividades. Dentre as atividades
biologicas mais investigadas, destacam-se as atividades antioxidante e antitumoral. Neste
trabalho, buscou-se caracterizar quimicamente o extrato hidroalcodlico da propolis vermelha
brasileira, avaliar as atividades antioxidantes e antitumorais, além de investigar o padrao
proteico de células tumorais de laringe tratadas e ndo tratadas com extratos da propolis
vermelha através da andlise protebmica comparativa.

A caracterizacdo quimica realizada através de espectrometria de massas com
ionizacdo por electrospray mostrou que a propolis apresenta moléculas complexas,
principalmente isoflavonoides, compostos com importantes atividades bioldgicas. Os
extratos hidroalco6licos obtidos a partir da prépolis vermelha revelaram um significante
contetdo de polifendis associados a uma habilidade de sequestrar radicais livres DPPH". Os
extratos também apresentaram atividades superdxido-dismutase-like e catalase-like,
indicando que podem exercer um papel fundamental na manutencéo fisioldgica do equilibrio
redox quando em um organismo.

A atividade citotoxica dos extratos da propolis foi avaliada nas linhagens tumorais
Hep-2, HelLa e ndo tumoral Hek-293, sendo que os valores de 1C50 foram menores para a
linhagens tumorais em relacdo a ndo tumoral. Desta forma, sugere-se uma seletividade da
prépolis vermelha quanto as linhagens tumorais.

A anélise protebmica, usando eletroforese bidimensional associada a cromatografia
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liquida de alta eficiéncia acoplada a espectrometro de massa, permitiu a comparacdo dos
mapas proteicos da linhagem Hep-2, na auséncia ou presenca de extratos da prépolis
vermelha, nas concentracbes 6 ug/mL (ndo citotoxica) e 120 ug/mL (IC50). A excisdo
manual de 325 spots foi efetuada nos géis 2D- SDS-PAGE, em que 177 proteinas foram
identificadas. Estas proteinas foram relacionadas com diversos processos metabdlicos e
estruturais como produgdo e conversdo de energia, transporte e metabolismo de
carboidratos, modificacdo pos-traducional, reciclagem de proteinas e chaperonas, proteinas
do citoesqueleto, proteinas de reparo, entre outros. Das proteinas identificadas com
expressdo diferencial, cinco apresentaram expressdo reduzida na presenca do extrato da
prépolis, este em sua maior concentracdo (120 pug/mL). Apenas duas proteinas identificadas
neste estudo mostraram expressdo aumentada na concentracdo nao citotoxica (6 ug/mL) do
extrato da propolis vermelha.

Os resultados da protebmica comparativa mostram que a propolis interfere em um
conjunto de eventos intracelulares e, assim, passa a ser uma candidata promissora para inibir
o0 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 as atividades antioxidantes e antitumorais aqui observadas.

Palavras-chave: prépolis vermelha, antitumoral, antioxidante, protedbmica



ABSTRACT

Brazilian red propolis has attracted scientific and economic interests because of its
varied biological activities. This natural product has different chemical compositions
according to the region in which it is found, requiring a robust chemical characterization to
elucidate the compounds responsible for the activities in each type of propolis investigated.
So far antioxidant and antitumor properties are amongst the most studied biological
activities. This study aimed to characterize chemically the hydroalcoholic extract of
Brazilian propolis from the state of Sergipe, evaluate the antitumor and antioxidant
activities, and to investigate the pattern of proteins in tumor cells of the larynx treated or not
with extracts of propolis through comparative proteomic analysis.

The chemical characterization by mass spectrometry with electrospray ionization
showed that propolis presents complex molecules, especially isoflavones, which has
important biological and antioxidant capacity. The hydroalcoholic extracts obtained from
propolis revealed a significant content of polyphenols associated with the ability to scavenge
DPPH’ radicals. The extracts also showed significant activities for superoxide dismutase-like
and catalase-like, indicating an important role in maintaining physiological redox
equilibrium, decreasing oxidative stress.

Cytotoxic activity was assessed for tumor cell lines Hep-2, HeLa and non-tumor cell
line Hek-293, showing IC50 values greater for Hek-293 compared to Hep-2 and HelLa cells,
which suggests a selectivity of propolis for the tumor lines.

The proteomic analysis using two-dimensional electrophoresis associated with high
performance liquid chromatography coupled with mass spectrometer allowed the
comparison of the protein maps of Hep-2 cell line in the absence or presence of propolis

extracts in concentrations of 6 pg/mL (not cytotoxic) and 120 pg/mL (1C50). 325 spots were
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manually excised from the gels 2D SDS-PAGE and 177 proteins were identified. These
proteins have been linked to various structural and metabolic processes, such as production
and energy conversion, transport and carbohydrate metabolism, post-translational
modification, protein turnover and chaperones, cytoskeletal proteins, repair proteins, among
others. From the identified proteins that showed differential expression five were down-
regulated in the presence of propolis extract in the highest concentration (120 pg/mL). Only
two proteins identified in this study showed increased expression in the no cytotoxic
concentration (6 pg/mL) of the red propolis extract.

The results of comparative proteomic showed that the propolis interacts with a series
of intracellular events and hence becomes a promising candidate to inhibit cellular growth
and contribute to the different steps related to the process of carcinogenesis. Although the
molecular mechanisms by which propolis interacts with the metabolism of the cells remain
unknown, additional studies will better elucidate the antitumor and antioxidant activities

here observed.

Keywords: red propolis, antitumor, antioxidant, proteomic
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1. INTRODUCAO

Os produtos naturais apresentam estruturas quimicas complexas e sdo 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 caso
de infeccdes, canceres, imunodeficiéncias, entre outras. A avaliacdo do potencial terapéutico
dos produtos naturais e de alguns de seus constituintes, tais como flavondides,
alcaloides, triterpenos, taninos, etc, tem sido objeto de incessantes estudos, onde ja foram
comprovadas varias acOes farmacoldgicas. Desta forma, muitas substancias que séo
descobertas, isoladas ou caracterizadas tém grandes possibilidades de futuramente virem a
ser aproveitadas como agentes medicinais.

A propolis tem sido empregada popularmente como agente terapéutico na medicina
alternativa por muitas décadas e vem se destacando entre uma série de produtos naturais em
virtude de seu imenso potencial na prevencdo e tratamento de diversas doencas. Ela é um
produto resinoso elaborado pelas abelhas, as quais a utilizam para se protegerem contra a
invasao de insetos e para assepsia da colmeia.

Dentre os diversos tipos de prépolis brasileiras, a vermelha tem despertado interesses
cientifico e econdmico devido as atividades bioldgicas recentemente apresentadas. Ainda
que a maioria dos estudos tenha seu foco na prépolis verde, por ser bem caracterizada e
conhecida em todo o mundo, a variedade vermelha, encontrada principalmente no Nordeste
brasileiro, vem sendo estudada por apresentar caracteristicas fisico-quimicas e bioldgicas
diferenciais. Daugsch et al. (2008) classificaram a prépolis vermelha como um novo tipo de
prépolis, diferente das 12 anteriormente classificadas por Park et al. (2000), e identificaram-

na como sendo pertencente a um novo grupo, conhecido como 13° grupo.



Os diferentes tipos da propolis possuem composi¢do quimica variada de acordo com
a regido em gue sao encontrados, desta forma, se faz necessaria uma caracterizacdo quimica
precisa para que sejam identificados 0s compostos responsaveis por suas atividades
bioldgicas. Dentre as acdes bioldgicas mais estudadas em prépolis, destacam-se a atividade
antioxidante e a antitumoral.

Antioxidantes sdo conhecidos por protegerem contra o estresse oxidativo, o qual esta
envolvido no desenvolvimento de varias doencas como as neurodegenerativas, vasculares,
canceres, entre outras. Eles podem prevenir a formacao de espécies reativas, neutralizar ou
remover estas espécies, além de inibir reacdes em cadeia eliminando os radicais livres.

A atividade antitumoral da propolis, por sua vez, tem sido estudada como novo
recurso terapéutico frente a alta incidéncia de diferentes tipos de tumores que acometem a
populacdo. O cancer € a segunda causa de morte registrada no mundo, precedida apenas de
doencas de origem vascular. Desta forma, buscam-se um melhor entendimento quanto a
etiopatogenia das neoplasias e o0 desenvolvimento de novas estratégias preventivas e
terapéuticas no seu combate.

O estudo dos extratos totais da prépolis e de seus compostos quimicos, de forma
isolada ou em associacdo, € empregado para determinar citotoxicidade e seletividade destas
moléculas em linhagens tumorais e ndo tumorais. A determinacdo quanto a atividade
antioxidante destes extratos traz uma informacgdo adicional importante em relacdo a
associacao redox destes com as células estudadas.

A protedbmica consiste de uma ferramenta de grande potencial que utiliza uma
combinagdo de métodos analiticos, tais como eletroforese bidimensional, cromatografia
liquida e espectrometria de massas, o que permite a identificacdo de alteracdes especificas e

perfis proteicos associados com as neoplasias. Os estudos protedmicos também contribuem



para determinacdo de diagndsticos precoces, novas possibilidades terapéuticas e melhor
entendimento dos mecanismos biolégicos.

Em face ao exposto, este trabalho teve como objetivo caracterizar quimicamente o
extrato da propolis vermelha brasileira, avaliar as atividades antioxidantes e antitumorais e
analisar o padrdo proteico de células tumorais de laringe tratadas com os extratos da propolis
vermelha por analise protebmica comparativa. Assim, 0s objetivos especificos foram: 1)
caracterizar quimicamente o extrato da propolis vermelha por espectrometria de massa com
ionizacdo por electrospray; 2) quantificar o teor de polifendis, determinar a capacidade de
sequestrar radicais livres e a atividade das enzimas antioxidantes superdxido dismutase e
catalase no extrato da propolis vermelha; 3) determinar a citotoxicidade dos extratos da
prépolis em culturas de células tumorais de laringe (Hep-2), de cancer cervical (HeLa) e em
células ndo tumorais de rim (Hek-293); e 4) avaliar o padrdo proteico de células tumorais de
laringe tratadas com os extratos da propolis vermelha através da analise protebmica

comparativa.



2. REVISAO BIBLIOGRAFICA

2.1 Propolis

Propolis é um produto resinoso elaborado pelas abelhas do género Apis melifera,o
qual tem origem de varias plantas, brotos ou exsudatos (Daugsch et al., 2008; Silva et al.,
2008). A palavra prépolis é derivada do grego pro-, em defesa, e polis-, comunidade,
considerado assim, um produto utilizado pelas abelhas na defesa da colmeia (Marcucci,
1996). 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 mumificagdo de insetos invasores (Marcucci, 1996; Marcucci et al.,
2001; Bankova, 2009).

A coloragdo da propolis pode variar de amarelo claro até marrom avermelhado
dependendo de sua procedéncia (Marcucci 1996; Burdock, 1998; Salatino et al., 2005).
Apresenta-se com odor caracteristico de acordo com a amostra analisada, ou mesmo pode
ainda nao possuir qualquer odor (Marcucci, 1996).

As abelhas fragmentam os &pices vegetativos das plantas com as mandibulas,
coletando, neste processo, as resinas liberadas. 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 (Figura 1) (Teixeira et al., 2005).

O Brasil é o terceiro maior produtor mundial de prépolis, com 150 toneladas
produzidas a cada ano (Tribuna Hoje, 2012). O Japdo é o principal mercado importador da
propolis brasileira, absorvendo cerca de 80% da producdo (EMBRAPA, 2012). Por

apresentar alto valor agregado, a comercializagdo da propolis pode ser uma alternativa de



renda importante para o apicultor. Os precos variam de acordo com sua qualidade, origem

botanica e mercado a que é destinada (EMBRAPA, 2012).

Corbicula

Figura 1. A- Abelha com prépolis vermelha depositada na corbicula; B- estruturas da pata
da abelha.

O Brasil, devido a sua biodiversidade, possui uma grande variedade de prépolis. Em
2000, 12 tipos distintos de propolis brasileira foram quimicamente classificados (Park et al.,
2000). Alguns anos apés, em 2008, Daugsch et al. (2008) classificaram uma 132 propolis, a

qual recebeu 0 nome de propolis vermelha.

2.1.1 Propolis Vermelha

A prépolis vermelha, denominada assim devido a sua intensa coloracdo vermelha, é
encontrada na regido Nordeste brasileira, principalmente nos estados de Sergipe, Alagoas,
Bahia, Pernambuco e Paraiba (Daugsch et al., 2008). Segundo Silva et al. (2008), a sua
origem botanica 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 Flérida

(EUA) ao Brasil, desde o litoral Norte até Palhoga-SC, ocorrendo também no continente



africano (Souza, 2010). E uma espécie escandente’, associada a estuarios, mangues e dunas
e bem adaptada as condi¢6es de alta salinidade (Souza, 2010).

O Brasil, por meio do Estado de Alagoas, passou a ser reconhecido como 0 Unico
produtor dessa espécie de propolis no mundo com a denominacdo de origem (IG 201101)
concedida em julho de 2012 (Figura 2), pelo Instituto Nacional de Propriedade Industrial
(INPI, 2012). Pela sua singularidade, o quilograma deste produto bruto chega a custar 500
reais no mercado externo e se tornou a solucdo para o sustento das familias de pescadores
que enfrentavam dificuldades com a expressiva reducdo de peixes e caranguejos na regiao
(Tribuna Hoje, 2012), além de ter mudado a vida dos criadores de abelha que produzem

prépolis vermelha em Alagoas.

Figura 2. Simbolo da denominacédo de origem da prépolis vermelha de Alagoas.

2.2 Composicao quimica da propolis

A propolis é considerada uma das misturas bioldgicas mais heterogéneas encontradas
em fontes naturais. Mais de 300 componentes de propolis ja foram identificados e/ou
caracterizados em diferentes amostras (Salatino et al., 2005; Araujo, 2009). A composi¢ao

quimica e bastante complexa e variada. Ela esta relacionada com a flora de cada regido

! Escandente - espécie de planta que trepa, prendendo-se de alguma forma ao seu suporte.



visitada pelas abelhas (Park et al., 2002; Bankova 2005) e com as caracteristicas geograficas
e climaticas do local (Silva et al., 2008). Além disso, a variabilidade genética das abelhas
também pode influenciar na composicao quimica da prépolis (Koo & Park, 1997).

As amostras de propolis de regides tropicais, especialmente as brasileiras, tém
mostrado diferencas significantes na sua composi¢do quimica em relacdo a propolis da zona
temperada, devido a sua rica biodiversidade. Por esta razdo, a propolis brasileira tem se
tornado objeto de grande interesse por parte dos cientistas (Bankova, 2005; Trusheva et al.,
2006). Silva et al. (2008) acreditam que esta grande variedade de compostos necessita ser
investigada como uma fonte de novas substancias bioativas.

A resina obtida das plantas € mastigada pelas abelhas, que adicionam enzimas
salivares durante a coleta e o material, parcialmente digerido, € misturado com a cera de
abelha e usado na colméia (Burdock, 1998). Os resultados desta modificacdo enzimatica sdo
hidrolises dos compostos fendlicos como, por exemplo, os flavonoides heterosideos (Najafi
et al., 2007).

De modo geral, as propolis de diversas partes do mundo contém 50% de resinas,
30% de ceras, 10% de O6leos essenciais, 5% de grdos de poélen, 5% de varias outras
substancias como, por exemplo, elementos inorganicos (aluminio, célcio, ferro, cobre,
manganés) e pequenas quantidades de vitaminas B1, B2, B6, C e E (Marcucci, 1996;
Burdock, 1998; Menezes, 2005).

A composicdo quimica da propolis em geral inclui flavonoides (como a galangina,
quercetina, pinocembrina e kaempferol), acidos e ésteres aromaticos, terpendides,
fenilpropanoides (como os &cidos cafeico e clorogénico), esteroides, polissacarideos e
acidos graxos (Lustosa et al., 2008).

A propolis verde apresenta 0s seguintes componentes principais: flavonoides,

compostos fenolicos, terpenoides (incluindo sesqui, di e triterpenoide) e fenilpropanoides



prenilados. Estes ultimos consistem de acidos fenolicos contendo um grupo prenila e séo
formados a partir do acido cindmico e seus derivados, como por exemplo, a artepilina C
(&cido 3,5 diprenil-4-hidroxicindmico), muito conhecida por sua atividade antitumoral
(Bankova, 2005; Teixeira et al., 2008).

A propolis vermelha difere quimicamente das demais por possuir compostos como
os isoflavonoides (daidzeina, formononetina, biochanina A, medicarpina, vestitol), chalcona
(isoliquiritigenina), flavanona (liquiritigenina), neoflavonoide (dalbergina) e isoflavanol
(neovestitol) (Alencar et al., 2007; Daugsch et al., 2008; Oldoni et al., 2011). Alem disso,
Nunes et al. (2009) identificaram 34 constituintes volateis, sendo os majoritarios trans-
anetol, a-copaeno e metil cis-isoeugenol.

Os flavonoides sdo considerados 0s principais compostos responsaveis pelos efeitos
benéficos da prépolis, sendo a eles atribuidas as propriedades antibacteriana, antiviral e
antioxidante (Barbosa et al., 2009). Os flavonoides apresentam estrutura hidrocarbonada do
tipo C6-C3-C6 nas quais as duas unidades C6 (anel A e anel B) possuem natureza fendlica
(Figura 3) (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 Gltimas podem ser principalmente
encontradas nas plantas da familia de leguminosas, como por exemplo, em D. ecastophyllum
e possuem na sua estrutura o anel B ligado na posicdo C3 do anel C (Figura 3) (Tsao,
2010). De modo geral, os flavonoides apresentam-se hidroxilados, metoxilados e/ou
glicosilados, sendo que o acucar ligado frequentemente é uma glicose ou ramnose (Singh et
al., 2008).

A identificacdo e caracterizacdo dos diversos compostos quimicos podem ser
efetuadas por espectrometria de massas com ESI, considerada uma técnica analitica rapida e

confiavel para a analise direta de extratos hidroalcoolicos de propolis (Buriol et al., 2009).
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Figura 3. Estrutura basica dos flavonoides e subclasses (Fonte: Tsao, 2010).

2.3 Atividades bioldgicas da prépolis vermelha

A propolis € um dos muitos produtos naturais que vem sendo utilizado desde a
antiguidade pela humanidade (Castaldo & Capasso, 2002). Os egipcios conheciam as
propriedades antiputrefativas da propolis e a empregavam para embalsamar cadaveres Além
disso, existem relatos da utilizacdo da prdpolis como antisséptico e cicatrizante no
tratamento de feridas na Idade Média.

A propolis vermelha é conhecida pelos seus beneficios & saide humana e entre as
atividades bioldgicas mais estudadas, encontram-se a antibacteriana (Cabral et al., 2009;
Righi et al., 2011), antifungica (Siqueira et al., 2009), anti-inflamatoria (Barreto, 2008),
antiulcerativa (Pinheiro, 2009), antioxidante (Cabral et al., 2009; Righi et al., 2011) e

antitumoral (Alencar et al., 2007; Li et al., 2008).



2.3.1 Atividade antioxidante

O termo antioxidante é utilizado para denominar a funcdo de protecdo celular contra
os efeitos danosos dos radicais livres. Radicais livres sdo atomos, moléculas ou ions com
elétrons desemparelhados que s@o altamente instaveis e reativos (Carocho & Ferreira, 2013).
Eles podem ser derivados de trés elementos quimicos: oxigénio, nitrogénio e enxofre. Entre
as espécies reativas oriundas do oxigénio, podem ser incluidos o anion superoxido (O), o
radical hidroxil (OH’), o perdéxido de hidrogénio (H.0,), entre outros (Carocho & Ferreira,
2013). No organismo humano, existem dois sistemas de defesas antioxidantes que agem
contra os danos causados pelas espécies reativas, as defesas enzimaticas e as néo
enzimaticas. Contudo, quando ocorre um desequilibrio entre estas defesas e a formacédo de
espécies reativas, ocorre uma condicdo fisioldgica designada como estresse oxidativo
(Halliwell & Gutteridge, 2007).

Quanto as defesas antioxidantes enzimaticas, podem ser citadas as enzimas
superdxido-dismutase (Sod), catalase (Cat), glutationa-peroxidase (GPx), entre outras (Da
Costa et al.,, 2012). A enzima Sod dismuta o anion superdxido (O,”) formando H,O,
(Equacdo 1) o qual é menos reativo, e pode ser degradado por outras enzimas, como a Cat

ou a GPx, formando &gua e oxigénio molecular (Equacéo 2) (Fukai & Ushio-Fukai, 2011).

1) 20,7+ 2H" = H,0, + O, Acdo da enzima superdxido dismutase

(2) 2H0, 2> 2H,0+ 0O, Acéo da enzima catalase

O sistema de defesa ndo enzimaético, por sua vez, ¢ formado pelos compostos
provenientes da dieta, tais como vitaminas, carotendides e polifenois. Dentre estes, 0s
polifendis sdo os antioxidantes exdgenos mais estudados (Singh et al., 2008; Tsao, 2010).
Também conhecidos como compostos fendlicos, 0s mesmos estdo presentes nos vegetais,
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como substancias antioxidantes mais abundantes da dieta humana e podem ser classificados
em flavonoides, citados anteriormente, e ndo flavonoides (Singh et al., 2008). Os compostos
ndo flavonoides podem ser divididos principalmente em dois grandes grupos: os derivados
do acido benzoico (C6-C1), como os acidos vanilico e galico, e os derivados do acido
cinamico (C6-C3), como os acidos p-cumarico e cafeico (Tsao, 2010).

Diferentes metodologias tém sido desenvolvidas para avaliar o contetdo polifenolico
total de um extrato/produto e sua capacidade antioxidante. O método mais utilizado para a
determinacéo de polifenois é a técnica colorimétrica Folin-Ciocalteu (Singleton et al., 1999).
Ja para a determinacdo da atividade antioxidante, utiliza-se a medida da capacidade da
inibicdo do radical livre 2,2-difenil 1-picrilhidrazil (DPPH®). Esta técnica vem sendo
empregada para avaliar o potencial antioxidante de diferentes compostos, de forma sensivel
e rapida (Brand-Williams et al., 1995; Cheng et al., 2006). O radical livre em questdo
caracteriza-se por ser um cromoforo extremamente estdvel que apresenta uma faixa de
absor¢do no comprimento de onda de 515 nm e conforme vai sendo reduzido por um
antioxidante tem o desaparecimento da sua absortividade (Brand-Williams et al., 1995).
Adicionalmente, os ensaios de Sod e Cat-like, que avaliam a capacidade das amostras em
mimetizar a acdo das enzimas Sod e Cat, também sdo utilizados com a mesma finalidade de
avaliar a capacidade antioxidante (Dani et al., 2007; Spada et al., 2008).

A atividade antioxidante da propolis foi verificada em amostras de diversas
localidades através de varias metodologias. Extratos da propolis vermelha de Alagoas e
Sergipe apresentaram significativa atividade de varredora de radicais livres DPPH" e grande
teor de polifendis totais (Cabral et al., 2009; Araujo, 2009; Righi et al., 2011). Contudo, nao

hé relatos da medida de Sod e Cat-like nestes extratos.
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2.3.2 Atividade antitumoral da prépolis

Segundo o Instituto Nacional do Cancer (INCA) o termo cancer é empregado para
designar mais de uma centena de diferentes doencas. No Brasil, as estimativas para o ano de
2013 apontam a ocorréncia de mais de 500 mil novos casos de cancer, incluindo os casos de
pele ndo melanoma, reforcando a magnitude do problema do cancer no pais (INCA 2012).
Os tipos mais incidentes sdo os canceres de pele do tipo ndo melanoma, prostata, pulmao,
célon, reto e estbmago para o sexo masculino; e os canceres de pele ndo melanoma, mama,
colo do Utero, célon e reto e glandula tireoide para o sexo feminino (INCA 2012).

Atualmente, o desenvolvimento de estratégias para otimizacdo da terapéutica
complementar e adjuvante e consequente diminuicdo do numero de vitimas desta doenca
tem sido um foco na terapia antitumoral (Choi et al., 2012). A busca por substancias
bioativas é 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. Existe hoje uma grande tendéncia para o
aproveitamento de recursos naturais na terapéutica de tumores (Shan et al., 2011; Choi et
al., 2012), por apresentarem vantagens econdmicas, serem eficientes e mostrarem poucos
efeitos nocivos a saude.

Extratos brutos e substancias isoladas da propolis vém sendo estudados quanto a sua
atividade antitumoral com linhagens sensiveis a sua acao citotoxica. Os testes com culturas
celulares (método in vitro) vém, neste contexto, sendo utilizados com sucesso por serem
reprodutiveis, rapidos, sensiveis e financeiramente viaveis. Watanabe et al. (2011) relatam
que amostras de propolis de varios paises foram testadas em diferentes células tumorais e
apresentaram capacidade antitumoral dose e linhagem dependentes. Extratos de propolis
vermelha brasileira, ou fragdes destes, ja foram testados em varias celulas humanas,

conforme apresentado no Quadro 1.
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Quadro 1. Relacao das células tumorais tratadas com propolis vermelha.

Origem da .
. . Referéncia
Linhagem celular humana propolis . .
(Método utilizado)
vermelha
) Pharma Filardi, 2010
HepG-2 Carcinoma hepatocelular
Nectar Ltda. (vermelho neutro)
) ) Alencar et al., 2007
HelLa Cervical adenocarcinoma Alagoas
(MTT)
. » . Awale et al., 2008
PANC-1 Cancer pancreatico Paraiba .
(WST-8 kit)
RPMI-8226 Mieloma mdltiplo
HL60 Leucemia promielocitica )
o ] Silva, 2007
K562 Leucemia mieldide cronica Alagoas ]
. . (Azul tripan)
FP Fibroblastos de prepucio
MRC-5 Fibroblastos de pulméo
RC-58T/h/AS Cancer de prostata Nordeste Moraes et al., 2010
PreCc Primarias Epiteliais de prdstata brasileiro (Celltiter kit)
K562 Leucemia cronica mielogena
HL60 Leucemia promielocitica
NB4 Leucemia promielocitica
Raji HBL Linfoma de Burkitt
Ramos HBL Linfoma de Burkitt Nordeste Franchi Jr. et al., 2012
B15 Precursora de leucemia brasileiro (MTT)
REH Precursora de leucemia
Nalm16 Precursora de leucemia
Nalm6 Precursora de leucemia
RS4 Precursora de leucemia

As linhagens celulares utilizadas neste trabalho foram a linhagem Hep-2, que
consiste de células epiteliais de carcinoma de laringe, muito utilizada em modelos de
carcinogénese e mutagénese (Lima et al., 2005), a qual ndo possui relato de estudos
envolvendo tratamento de prépolis vermelha; a linhagem Hela, caracterizada por células de
cancer cervical, sendo uma das linhagens celulares humanas mais antigas e mais comumente

usada em pesquisas; e a linhagem Hek-293, que se refere a células epiteliais embrionarias de
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rim humano, representando um tipo de célula ndo tumoral que possui a mesma morfologia
epitelial das células tumorais investigadas.

Dentre os métodos que avaliam a citotoxicidade em linhagens celulares, 0 que vem
se destacando por ser um método colorimétrico rapido e preciso € 0 ensaio em que ocorre a
reducdo do sal 3-(4,5-dimetiltiazol 2-il)-2,5difenil brometo de tetrazolina (MTT) (Mosmann,
1983). O MTT, quando incubado com células metabolicamente ativas, € reduzido por
enzimas mitocondriais, transformando-se de um composto amarelo para um composto azul
escuro pela formacéo dos cristais de formazan (Mosmann, 1983). O ensaio clonogénico vem
como alternativa e permite verificar a capacidade de uma célula em proliferar-se
indefinidamente, mantendo assim a sua capacidade reprodutiva e a habilidade de formar
colénias apds o tratamento com os compostos em estudo (Mirabelli et al., 1985). Através
destes métodos, pode-se avaliar a citotoxicidade do extrato da prépolis vermelha em
diferentes linhagens celulares e obter a concentracdo do extrato necessaria para inibir em

50% o crescimento celular (IC50).

2.4 Avaliacao do perfil proteico de células tumorais

A protedmica € uma ferramenta sensivel empregada na identificacdo de alteracfes
especificas e perfis proteicos em amostras bioldgicas, oferecendo diagnésticos precoces e
possibilidades terapéuticas quando associada a estudos de neoplasias (Plebani, 2005). Esta
utiliza uma combinacdo de métodos, incluindo eletroforese bidimensional, cromatografia
liquida e espectrometria de massas (MS), permitindo a caracterizacdo diferencial de
moléculas proteicas (Canelle et al., 2005; Chuthapisith et al., 2007; Bianchi et al., 2011).

Atualmente, verifica-se que a comunidade cientifica tem aumentado o seu interesse

na quantificagdo global das proteinas de amostras biologicas (tecidos, 0Orgdos ou
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organismos). Juntamente com o avanc¢o das técnicas envolvendo espectrometria de massas,
surgem variacdes de metodos de quantificacdo, como por exemplo, a técnica utilizando a
afinidade de marcadores isotopicos (ICAT, do inglés isotope-coded affinity tags) (Molloy et
al., 2005; Ramus et al., 2006), marcacdes metabélicas com °N ou *3C (Snijders et al., 2005a
e 2005b), marcadores isobaricos para quantificacdo relativa ou absoluta (iTRAQ, do inglés
isobaric tags for relative and absolute quantitation) (Unwin et al., 2005; Zhang et al., 2005)
e marcadores isotopicos estaveis atraves de aminoacidos em cultura celular (SILAC) (Berard
etal., 2012).

A MS é uma técnica que determina a relacdo entre massa e carga (m/z) de espécies
ionizadas. O espectrémetro de massas possui uma fonte de ioniza¢do, um analisador de
massas, um detector e um sistema de aquisi¢do de dados (Cantu et al., 2008). As fontes de
ionizacdo utilizadas na andlise das proteinas caracterizam-se por adicionar cargas negativas
ou positivas as moléculas, evitando a ruptura da estrutura polipeptidica e por transferir para
a fase gasosa as espécies que serdo analisadas (Cantu et al., 2008). As razfes para que a
identificacdo de proteinas seja feita a partir de peptideos inclui a sensibilidade do
espectrdbmetro de massas, menor para as proteinas quando comparada aos peptideos, e
propriedades fisico-quimicas em relacdo a molécula inteira e/ou hidrolisada (Steen & Mann,
2004).

Segundo os estudos de Klose (2009), a separagdo de proteinas por sistema
bidimensional é uma alternativa para o estudo de variabilidade do organismo a nivel
proteico, pois permite a detec¢do de variantes causadas por substituicdes de aminoacidos,
isoformas de proteinas, mudancas quantitativas ou variagdes devido a presencga/auséncia de
moléculas no organismo. As variantes podem ser detectadas entre centenas de proteinas e
avaliadas lado a lado no mesmo sistema (Klose, 2009). Um desequilibrio do proteoma

celular pode representar um primeiro passo para o desenvolvimento de uma doenca, como
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no caso do cancer. A medida que uma proteina esteja superexpressa na célula, outras
proteinas devem estar expressas em menor intensidade para manter um arranjo quantitativo
em equilibrio no sistema metabolico.

Entre os estudos protedmicos apresentados, a linhagem tumoral Hep-2 tem sido
utilizada como modelo experimental para avaliar 0 padréo proteico obtido apds tratamento
com diversas drogas antitumorais, ou para fins diagnosticos e prognoéstico (Bianchi et al.,
2011; Kim et al., 2010). Contudo, ainda ndo ha relatos da utilizacdo da plataforma 2D
acoplada a andlise de massas com amostra da propolis vermelha. Assim, a aquisi¢do de
perfis proteicos de células Hep-2 tratadas com extratos da propolis vermelha pode fornecer
informacdes importantes sobre alteracGes moleculares observadas em células tumorais antes
e apés a acdo destes extratos, revelando também mapas de proteinas diferencialmente

expressas que possam atuar em uma serie de fungdes bioldgicas celulares.

16



3. RESULTADOS E DISCUSSAO

Os resultados deste trabalho estdo apresentados na forma de dois artigos cientificos.
O primeiro (em anexo), intitulado Chemical characterization, antioxidant and cytotoxic
activities of Brazilian red propolis, DOI 10.1016/j.fct.2012.11.013, o qual foi aceito pela
revista Food and Chemical Toxicology em novembro de 2012 e publicado no volume 52
(2013) nas péaginas 137-142. O segundo, intitulado Proteomic analysis identifies
differentially expressed proteins after red propolis extract treatment in Hep-2 cells, o qual

sera submetido a uma revista internacional.
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Abstract

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 antioxidant 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 carcinoma cell (Hep-
2), human cervical adenocarcinoma (HeLa) and human normal epithelial embryonic kidney
(Hek-293). Survival analysis for non-tumor cell line showed greater 1C50 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 agents.

Keywords: propolis, chemical characterization, antioxidants, cell line.

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).
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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 et al., 2000). The propolis type most
commercialized is known as “green propolis” and it has been extensively studied and used
in foods and beverages (Moraes et al., 2010). However, a 13th type, named red propolis, has
been an important source of investigation since 2007 by local and international research
groups. Besides differences in chemical composition, Franchi Jr. 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 ecastophyllum (L) Taud. (Leguminosae), responsible for the red color of the
propolis (Daugsch et al., 2008; Franchi Jr 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 activities 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) and antitumoral (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 cancer
(Da Costa et al., 2012). They can prevent the formation of reactive species, scavenge,
neutralize and remove reactive species, besides inhibiting oxidative chain reactions,
chelating reactive metals, and repairing damage to biological molecules (Da Costa et al.,

2012). The antitumoral activity of propolis has been widely studied (Valente et al., 2011).
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The aim of this study was to investigate the major compounds presented in the
hydroalcoholic extracts from red propolis of Brazilian northeast, Sergipe. Moreover, this
study also evaluated the antioxidant activity and the cytotoxic effect of red propolis extracts
against well-known classic tumor cancer cell lines (Hep-2, HelLa), which was compared

with 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 sulfoxide (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, one sample per month, 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.
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2.3 Preparation of red propolis extract
The twelve samples of red propolis was ground to a fine powder forming a pool and
1 g (dry weight) from it was mixed with10 mL of EtOH - H,O 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 fine red 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) chromatographic
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 pL min~'. ESI(+)-MS and tandem ESI(+)-
MS/MS were acquired using a hybrid high-resolution and high accuracy (5 puL/L) LTQ
Orbitrap XL 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. Diagnostic ions in the different
propolis samples were identified by the comparison of their ESI(+)-MS/MS dissociation
patterns with compounds 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,
providing the resolution of 50.000 (FWHM) at m/z 200. No important ions were observed
below m/z 200 or above m/z 650, therefore ESI(+)-MS data is shown in the m/z 200—650

range.
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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
uL of the hydroalcoholic extract (1 mg/mL) was mixed with 400 pL of sodium carbonate
(7.5%, wi/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 standard 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 pug/mL) and added to
Tris-HCI buffer (100 mM, pH 7.0) containing 250 umol L™ DPPH" dissolved in ethanol. The
tubes were stored in the dark for 20 min and absorbance was measured at 517 nm. Results
were expressed as 1C50 (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
concentration of 100 pg/mLin EtOH - H,O 50% (v/v). Sod-like assay was done by
measuring the inhibition of self-catalytic adrenochrome formation rate at 480 nm, in a
reaction medium containing 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

different volumes of propolis extract (50, 25 and 10 pL). The result was expressed in Sod-

23



like units.

Cat-like assay was performed by determining hydrogen peroxide (H.0,)
decomposition rate at 240 nm (Aebi, 1984). This reaction, containing 2910 pL of phosphate
buffer (pH 7.0), 70 puL of H,0O, (0.3 M) and 20 uL of red propolis extract, was performed at

30°C for 3 min. Results were expressed as millimoles of H,O, decomposed/min.

2.7 Cell cultures
Hep-2 (human laryngeal epidermoid carcinoma cells) and HeLa (human cervical
adenocarcinoma) cancer cell lines and Hek-293 (human normal epithelial embryonic
kidney) non-tumor cell line were purchased from American Type Culture Collection
(ATCC), Manassas, VA, USA. Cells were cultured in DMEM supplemented with 10% heat-
inactivated FBS, and 1% penicillin—streptomycin. Cells were maintained 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 conversion
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 extract were subsequently incubated in fresh

medium for 24 h. The medium was removed and 1 mg/mL MTT dye in serum-free medium
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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 uL 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 percentage growth inhibition was
calculated using the equation developed by Monks et al. (1991): cell viability (%) =
(absorbance of experimental wells/absorbance of control wells) x 100. The I1C50
(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 experiment 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 extract
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 different 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 tolerance 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
independent experiments. Statistical significance was evaluated using t-test and one-way

analysis of variance (ANOVA) with post hoc multiple comparisons procedure (Tukey test)
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to assess statistical differences in case of normal distribution. Significance was accepted at P
lower than 0.05 using the Statistical Package for Social Sciences (SPSS, version 19.0) for

Windows.

3. Results and discussion

3.1 Chemical characterization

Red propolis was collected from a geographic region on northeast of Brazil known as
Brejo Grande, situated in the state of Sergipe. To our knowledge, this is the first report that
investigates the major compounds presented in the hydroalcoholic red propolis extracts from
Sergipe by ESI-MS and ESI-MS/MS techniques and confirms its antioxidant activity and
cytotoxic effect against cancer cell lines. In this study is shown that the red Brazilian
propolis extract from Sergipe is characterized by a complex mixture of interesting chemical
compounds, similar to the red propolis found in other regions of the northeast of our
country. Chemical composition 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 compounds here investigated and listed in Table 1. The red
propolis presents 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 Jr 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 sample, we used ESI-MS
and ESI-MS/MS techniques, which are important tools to characterize and identify
metabolites. They have been applied for the rapid analysis of natural products, such as

flavonoids (Vessecchi et al., 2011) and terpenoids (Yang et al., 2007). The measurements
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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
identification, being able to differentiate also isobaric interferences. Thus, the main chemical
compounds are shown in Table 1.

The full mass spectrum in Figure 1 shows the isoflavones formononetin (m/z
269.0820) and biochanin A (m/z 285.0785) as the main components. They have been
described in most articles identifying propolis chemical compositions (Awale et al., 2008;
Franchi Jr 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 (Gomez-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 compound 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 liquiritigenin
(m/z 257.0811), instead of isoliquiritigenin (m/z 257.0811) (Figure 2). Because of its

structural difference, the loss of carbon monoxide (—CO) would not be seen in
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isoliquiritigenin.

Li et al. (2008) investigated the in vitro cytotoxic activities of several Brazilian red
propolis isolated compounds. Among the molecules investigated, isoliquiritigenin and
medicarpin showed potent activity against cancer cell lines as murine colon carcinoma (26-
L5), murine melanoma (B16-BL6) and cervical human cancer (Hela), whereas
formononetin, biochanin A and liquiritigenin showed cytotoxic activity against the murine
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 chemical composition found in red propolis that varies
according to the year and location of collection. Extracts taken from the northeast of 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 evaluate 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 (2009) with red propolis from the same geographic
region, with IC50 of 294 ug/mL, confirming the potential DPPH’ scavenging.

Superoxide dismutase is an important enzyme that catalyzes the dismutation of
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superoxide anion (027) 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 (Table 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-293)
established cell lines. Figure 3 shows the results from cell viability after 1 h extract
incubation using a concentration range (10 — 150 pug/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 extract was able to inhibit cell proliferation more
efficiently in the tumor lines here investigated. Results are even more prominent in 24 h
propolis extract treatment (Table 3), where no IC50 was obtained 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 Jr et al., 2012; Silva, 2007)
previous results from our group (data not shown) generated spectra interference for long
incubation periods, probably due to colorimetric responses caused by the inherit red
pigmentation 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
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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 pug/mL of
red propolis extract, showing the importance of evaluating effects of chronic exposure (168
h) compared to short-term (1 and 24 h) assays. Considering that MTT-based method is still
one of the most widely used assays for measuring acute cytotoxic effects of compounds 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 different 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, indicating a clear

anticancer activity by inhibiting cell growth proliferation at different levels.

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
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inhibit tumor cell growth. Although the molecular mechanisms by which propolis interacts
with cell metabolism remains unclear, further studies including isolation of major bioactive
compounds with cytogenetic and molecular tests will better elucidate the antioxidant and
anticancer activities here observed. Isolated compounds should also be investigated
regarding its biological properties against different tumor and non-tumor cell lines, using
both MTT-based (indirect) and clonogenic assays (direct). 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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Figure 1. ESI(+)-MS Fingerprint for red propolis from Sergipe.
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Table 1. ESI(+)-MS/MS data for major compounds found in red propolis from Sergipe.

Precursor
Entry ion
m/z (%)
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Identification
Comp.

Diff. Fragment
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(ppm)  (%)[MS2{MS3}

Fragmentation

pathways

Ref.

221.1204
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255.1022
®

257.0811
©®
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6 285.0765 (44)
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dimethyl-3-
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Ci3H1705
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Medicarpin Ci16H1504
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Retusapurpurin B Ca2H2rO7
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(Piccinelli

etal.,
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387.1244(100) OCHs-OCHz]; 2011)

[371.0919(100); 386.1164
355.0979(30); [C24H150s]";
279.0645(30); 371.0919
196.5436(5)]; [C2sH1s0s]"
386.1164(30);
371.0919(15).
(Sulaiman
611.1965 .
Hesperetin 7 CugH35015 1.792 etal.,
(10) rhamnoglucoside
2011)

Table 2. Total phenolic content, DPPH’ radical scavenging, superoxide dismutase-like, and
catalase-like activities in red propolis extracts.

Total phenolic DPPH’ radical Superoxide Catalgsg like
content . ; . activity
Sample scavenging dismutase-like
mg/g dry b : (mmol of H,0;
a IC50 USod-like i
extract decomposed/min)

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 (ug/mL) of red propolis

extract required to scavenge 50% of the DPPH’ radical.

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

IC50 (ug/mL)
Treatment Tumor cell lines Normal cell line
(ug/mL) Hep-2 Hela Hek-293
1-hour 128.12 +5.33 85.77 £ 1.00 > 150
24-hour 63.48 + 3.30" 81.40 +6.40 > 150

IC50 (ng/mL) presented as mean £ SD. * Represent statistical significance between 1-hour
and 24-hour of treatment in Hep-2 cells. No statistical significance was found for HeLa and
Hek-293 for 1 hour and 24 hour of treatment, according to t-test (p < 0.05).
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Abstract

Here we investigated alterations in the protein profile of Hep-2 treated with red
propolis using two-dimensional electrophoresis associated to mass spectrometry (MS). A
total of 325 spots were manually excised from the two-gel electrophoresis and 177 proteins
were identified using LC-TOF-MS. Among all proteins identified that presented differential
expression (n°7), most were down-regulated, wich one were expressed in presence of red
propolis extract at a concentration of 120 ug/mL (IC50), namely: GRP78, PRDX2, LDHB,
VIM and TUBA1A. Only two up-regulated proteins we identified in this study, however in
the non-cytotoxic (6 ng/mL) red propolis treated group: RPLPO and RAD23B. Hep-2 cells
treated with red propolis revealed proteins related to energy production and conversion,
carbohydrate transport and metabolism, post-translational modification, protein turnover and
chaperons, cytoskeleton, ribosomal structure and repair pathway. These differences in
tumour cell protein profiles warrant further investigations focusing on protein validation
trough in situ studies and protein identification of other tumor lines treated with red propolis

extracts.

Keywords: red propolis, Hep-2, proteome
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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). The propolis’s composition varies according to its botanical origin;
generally contains resin, wax, pollens, essential and aromatic oils (Lustosa et al., 2008;
Sforcin, 2007).

Since 2007, the red propolis 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) that characterizes the propolis red
color (Daugsch et al., 2008; Franchi Jr et al., 2012; Piccinelli et al., 2011; Silva, 2007). Red
propolis has shown several biological activities 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), and
antitumor (Alencar et al., 2007; Li et al., 2008). The propolis antitumor activity has been
widely studied (Valente et al., 2011). The resistance mechanisms to cancer drugs promote
the development of new medicines with potential source of novel bioactive molecules
(Umthong, 2011).

We have recently reported that red propolis extracts are composed 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 non
tumour cell lines (Frozza et al., 2013). In the present study, we used 2-DE associated to
mass spectrometry to reveal the comprehensive protein profiles of Hep-2 cells under a

comparative investigation between the cells treated with and without red propolis extracts.
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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 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. 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% (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). This
sample was chemically analized as well its antioxidant and antitumor activities, with results

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—streptomycin. 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 (26 x 10°) were seeded into 75 cm? culture flasks with supplemented culture

medium. After 24 h, cells were treated and exposed for 1 h at different propolis
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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 pg/mL (Group B) and 120
pg/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-
dimethylthiazol-2-yl)-2,5-dipheyl-tetrazolium bromide (MTT) survival experiments reported
by our group (Frozza et al., 2013), showing non-cytotoxic dose (6 pg/mL) and dose that
inhibits cell growth by 50% - 1C50 (120 pug/mL). Experimental procedures were performed

at least in triplicate.

2.3 Protein extraction

Cells were harvested and lysed in 0.5 mL of lyses buffer (7 M (w/v) ureia, 2 M (w/v)
thiourea, 40 mM (w/v) Tris base pH 8.5, 20 mM (w/v) DTT, 4% (w/v) CHAPS and 1%
(w/v) protease inhibitor). After 30 min at room temperature, shaking at 90 rpm, the lysed
were scrapped, put into microtubes and centrifuged at 14,000 rpm for 30 min at 4 °C. The
supernatant was collected and frozen at -20 °C. Procedure was repeated at least three times.

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 Laboratories,
Hercules, CA) was used to determine protein quantification according to manufacturer’s
instructions. The samples were frozen at -80 °C, lyophilized (Labconco 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).
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2.4 2-D gel electrophoresis

Protein extracts containing 900 ug of total protein were diluted in IPG rehydration
buffer (7 M (w/v) urea, 2 M (w/v) tiourea, 4% (w/v) CHAPS, 1% (w/v) DTT, 0.01% (w/v)
bromophenol blue, 0.2% (v/v) ampholytes). The protein samples were refrigerated at 4 °C
for 40 min and centrifuged at 14,000 rpm 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: 15 min, 250 V; 3 h, gradient to 10,000 V; 6 h, 10,000 V until 60 kVh in
a Protean IEF cell system (BioRad Laboratories, Hercules, CA). Samples were equilibrated
for 15 min in a buffer containing 6 M (w/v) urea, 30% (v/v) glycerol, and 1% (w/v) DTT
and for 15 min in the same buffer but with DTT replaced by 4% iodoacetamide. The second
dimension was SDS-PAGE in 12% polyacrylamide in a PROTEAN II xi 2D Cell apparatus
(BioRad Laboratories, 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 Brilliant Blue G-250.

2.5 Image Analysis of Differential Protein Expression

Two-dimensional images were captured by scanning the stained gels using an
ImageScanner 111 (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 experimental variations among gels, was

made using relative volumes to quantify and compare the gel spots.
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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 an Eppendorf tube, and washed twice with 50%
(v/v) acetonitrile and 25 mM (w/v) ammonium bicarbonate for 15 min each. Subsequent
washing with acetonitrile was performed before the samples dried at room temperature and
digested overnight using modified trypsin (Sigma) diluted in 25 mM (w/v) 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) coupled with tandem mass spectrometry (MS) as
detector with an electrospray ionization (ESI) quadrupole and time-of-flight (Q-TOF)
(Ultima API Mass Spectrometer, Waters Micromass, Milford, USA) coupled to a capillary
liquid chromatography system (CapLC, 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 protein
identification, the resulting MS data was interpreted by MASCOT software (Matrix Science,
London, UK) against NCBInr database. During the database searching, one missed cleavage
per peptide was set as the maximum allowance, a mass tolerance of 0.2 Da, and MS/MS
tolerance of 0.2 Da was also used according to predefined protocol. Other possible
variations, such as carbamidomethylation for cysteine and oxidation for methionine, were

also taken into account.
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3. Results

Cells to each group were harvested and lysed 3 times to obtein a pool of protein
extractation and at least triplicates of gels were performed for each group of cell extract.
Samples were initially loaded in pH 3-10 gels and 2-DE maps confirmed more concentrated
pattern of spots at pH 4-7. Proteins spots were resolved in each of the 9 coomassie brilhant
blue (CBB) stained 2-DE SDS-PAGE gels with pH 4-7 IPG strips and molecular weights
ranging from 10 — 250 kDa. Image analysis of the 2-DE maps taken from LabScan™ v. 6.0
and ImageMaster™ 2D Platinum v. 7.0 softwares (GE Healthcare, USA) indicated good
resolution and reproducibility. The software indicated different patterns of proteins in the
groups treated with red propolis extract compared to the control group.

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

Altogether, MS results identified 177 proteins out of 325 spots. The molecular mass
(MW) and the isoeletric 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 Table 1. Many of the gel-estimated MW/pl corresponded well to the theoretical values
but when experimentally determined MW and/or pl values were significantly distinct from

the predicted ones; this could be explained by a relatively high level of post-translational
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modification. 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 classification (Table 1). The proteins from control are
presented in Figure 2 by percentage of their KOG classification. Most of the proteins are
related to posttranslational modification, protein turnover and chaperones (O), cytoskeleton
(2), translation, ribosomal structure and biogenesis (J), transcription (K), RNA processing
and modification (A) and intracellular trafficking, secretion and vesicular transport (U). 8%
were not classified (X). Selections of identified 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 2.

Five proteins were identified as down-regulated in the group treated with 120 pg/mL
of hydroalcoholic extract of red propolis (Figure 1-C) compared to the control group (Figure
1-A): 78 kDa glucose-regulated protein (GRP78 — control spot 54/ propolis 1C50 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 1C50 spot 307) and alfa-tubulin (TUBAZ1A - control spot 74/
propolis IC50 spot 298). Two proteins were up-regulated in the red-propolis treated group
(Figure 1-B) using non-cytotoxic concentrations of extract (6 ug/mL) compared to the
control group (Figure 1-A): 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/propolis non-cytotoxic spot 323). All spot numbers
are presented in Table 1 and Table 2 and differential expressed proteins are seen in Figure

1 and Figure 3, at a maximized perspective.
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4, Discussion

We have recently shown 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 in a selective manner (Frozza et al., 2013). It is expected that propolis
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 red propolis extract modulates several cellular metabolic responses 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 proteomic studies on Hep-2 models
submitted to a variety of extracts and culture conditions, which allow the identification of
differentially expressed proteins. So far, however, there are no reports using proteomics with
Brazilian red propolis in tumor cell lines.

Altogether 325 spots from both control and treated groups were excised, in-gel
digested with trypsin, and 177 proteins were identified. All spots from the control group
were digested and only a few selections of spots from the red propolis extract treated groups
were removed according to differential protein maps generated from ImageMaster™ 2D
Platinum software. We have found several cases in which more than one spot was assigned
to the same protein. These variants or isoforms may be attributed to biologically important
post-translational modifications, ranging from chemical modifications to proteolytic

cleavage. Among all proteins identified that presented differential expression, the majority
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were down-regulation in presence of red propolis extract at a concentration of 120 ug/mL
(IC50): GRP78, PRDX2, LDHB, VIM, TUBAL1A (Table 2).

Cell rescue proteins like heat-shock (Hsps) or Hsp-related are a family of proteins
and examples of molecules involved in the degradation 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, especially proteins related to tumor progression and components of the cell
cycle (Myung et al., 2004). There are reports, however, indicating down-regulation of some
of the members of the heat-shock protein family under stress conditions. Both HSp27 and
Hsp70 expressions were reduced in human breast adenocarcinoma adriamycin-resistant and
paclitaxel-resistant cell lines in comparison to the parental cell ones (Chuthapisith et al.,
2007). HSp27 showed down-regulation in human cells of hepatocarcinoma in response to
capsaicin treatment (Baek et al., 2008). We observed that a member of the HSP70 family,
the GRP78 protein, was down-regulated in the propolis treated group. It has been previously
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 cancer 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
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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 resistance 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, hypoxic, and deprived
from nutrients like glucose and amino acids, due to rapid proliferation, elevated glucose
intake, and sometimes poor vascularization (Wang et al., 2009). Microenviroment of tumor
cells may be similar to a physiological stress condition and cells manage to acquire a
survival function (Koumenis, 2006), PRDX2 encodes a member of the peroxiredoxin family
of antioxidant enzymes (PRDX 1-6), which play important roles in maintaining the
intracellular redox homeostasis (Shen et al., 2012a; Shen et al., 2012b). Peroxiredoxins have
been linked with regulation of proliferation, differentiation, and apoptosis (Park et al., 2006).
Peroxiredoxin 2 has been attributed to have both proliferative and antiapoptotic functions,
inducing carcinogenic changes upon treatment (Noh et al., 2001).

A mechanism of protecting cancer cells from oxidative stress and mediating
resistance to therapy has been reported upon alterations in PRDX2 expression. Glioma cells
in which PRDX2 was decreased by RNA silencing exhibit increased hyperoxidation,
suggesting that the redox environment is more oxidizing, but apparently not altering levels
of other antioxidant enzymes, like catalase superoxide dismutase, among others (Smith-
Pearson et al., 2008). In addition, PRDX2 protein was shown to be upregulated in radiation-

resistant breast cancer cells compared with radiation-sensitive breast cancer cells and plays
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an important protective role from oxidative radical damage (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 protective role against radiation
induced oxidative stress. Stresing et al (2012) have demonstrated that overexpression of
PRDX2 in lung metastatic cells effectively removes the intracellular ROS, suggesting that
this phenotype is helpful 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 Reactive Oxygen Species (ROS) in cancer cells is important for
developing successful therapy, in which most of the anticancer agents induce ROS
generation in order to Kill cancer cells by apoptosis through common molecular pathways
(Wang et al., 2005). 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” between regions of
hypoxic and aerobic cancer cells in tumors, which contain well-oxygenated (aerobic) and
poorly oxygenated (hypoxic) regions. Human cancer cells cultured under hypoxic conditions
convert glucose to lactate and extrude it, whereas aerobic cancer cells take up lactate via
monocarboxylate transporter 1 (MCT1) and utilize it for oxidative phosphorylation by an
oxygen-dependent expression of LDHB (Semenza, 2008). Lactate dehydrogenase (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
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concentration 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 advanced melanomas compared with nevi (Ho et al., 2012). LDH is also
expressed in breast tumors (Hussien and Brooks, 2011), gastric tumors (Liu et al., 2009),
and melanoma (Ho et al., 2012).

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 observed 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 environment.
Apparently, overexpression of both isoforms A and B suggests a selective diversion of
pyruvate metabolism from the tricarboxylic acid cycle to lactic acid (Liu et al., 2009).
Aerobic lactate production of which the final step is executed by lactate dehydrogenase is
one of the typical phenotypes in invasive tumor development, and suppression of LDHB
expression plays critical 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 stomal cells, regulation
of its expression levels have been recently associated to many epithelial transformed tumor
cells. VIM is frequently overexpressed in tumours undergoing epithelial to mesenchymal
transition (EMT), a condition correlated with invasiveness and poor prognosis (Bozzuto et
al., 2010). EMT is a key process during embryonic development, also associated to an

invasive cancer phenotype (Gavert and Ben-Ze'ev, 2008), characterized by a change in the
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morphology with loss of polarity and cell contacts by the epithelial cells with increased
vimentin expression and concomitant decrease of E-cadherin (Chen et al., 2010).

Vimentin expression in epithelial tumours is considered a marker of de-
differentiation and aggressiveness, which has been recently indicated as a novel therapeutic
target (Lahat et al., 2010). At functional levels, however, the down-regulation of vimentin
here observed seems to correlate with inhibition of tumor cell proliferation and invasion
(Nodale et al., 2012). Corroborating with our results, VIM was down-regulated in Hep-2
cells under virinostat 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 (TUBALA) is a major constituent of microtubules, also
down-regulated in this study. Cytoskeletal proteins play an important role in a series of cell
functions: mitotic progression, proper positioning of the nucleus, cell maotility, actin filament
growth, organelle biogenesis, mitochondrial tabulation, among others. The o and B-tubulins
are the building blocks of the cytoskeletal microtubules (Sahab et al., 2012). Identification
of differential modifications in tubulin is especially important in the research area of cancer
therapeutics. These proteins are crucial in cell division, which make them attractive targets
for anticancer drug design, Drugs based on natural products that target the tubulin and the
microtubule system, also referred to as anti-mitotics, remain an important component in
combination chemotherapy for the treatment of many malignancies (Kavallaris, 2010).

The two up-regulated proteins identified in this study were from the non-cytotoxic (6
ug/mL) red propolis treated group. One of the proteins is a constituent of ribosome, the 60S
acidic ribosomal 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).
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RAD23B is involved in nucleotide excision repair (NER) in humans by acting as a
component of the XPC complex and a sensor to bind at the sites of DNA damage. Together
with other recognition factors like XPA, RPA and the TFIIH complex, RAD23B is part of
the pre-incision (or initial recognition) process of DNA repair. The XPC complex recognizes
a wide spectrum of damaged DNA characterized by distortions of the DNA helix. RAD23B
dimer preferentially binds to platinum based chemotherapeutic agents, like cysplatin and
UV-damaged double-stranded DNA (Janicijevic et al., 2003; Sugasawa et al., 2009). A
recent model in which XPC-RAD23B is the actual damage sensor has been proposed. After
recognition, RAD23B exposes the XPC damage—binding sites by dissociating from it,
allowing XPC (without RAD23B) to stably bind the DNA lesions (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 cancer 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 lymphomas (Honore et al., 2008). We have identified up-
regulation of RAD23B in cells treated with low concentrations of red propolis (6 ug/mL),
where no cytotoxic activity was presented. However, as cytotoxic activity started and
presumably an apoptotic environment established, RAD23B expression in cells treated with
higher concentrations of red propolis (120 ug/mL) was altered. Upon higher 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-associated proteins to
lymphoma cell line and found up-regulation of UV excision repair protein RAD23B and 60

S acidic ribosomal protein PO (RPLPO) on the 2-DE pattern of non-apoptotic cell group. The
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pathways for programmed cell death, or apoptosis, are presumably activated when other
cellular response pathways will not be sufficiently efficacious (Friedberg, 2001).

RPLPO is a protein component of the 60S subunit of the ribosome, localized in both
cytoplasm and nucleus, which is involved in mMRNA 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 platinum-based chemotherapy for cisplatin-resistant lung cancer line
(Kageyama et al., 2011). Alternative regulation for RPLPO was reported 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 contribute significantly to the malignant
phenotype, including deregulation of tumour-cell growth, apoptosis and invasiveness (Ji et
al., 2007). Phosphor 60S acidic ribosomal protein PO was suppressed by the introduction of
oxythiamine (OT) into pancreatic cells, OT has been demonstrated in many studies to inhibit
cancer cell growth through suppression 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 60 S ribosomal compartment (L-14A)
and up-regulation of RPLPO.

Tumour suppressor genes and proto-oncogenes have been found either to affect the
formation of the mature ribosome or to regulate the activity of proteins known as translation
factors (Ruggero et al., 2003; Ruggero and Pandolfi, 2003). It seems that the disruption in
one or more of the steps that control protein biosynthesis has been associated with
alterations in the cell cycle and regulation of cell growth, thus certain tumour suppressors
and proto-oncogenes might regulate to malignant progression by altering the protein

synthesis machinery.
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In summary, upon red propolis treatment in Hep-2 cells, we were able to identify
candidate proteins that participate of the regulatory metabolism of laryngeal cell lines.
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 modification, protein turnover and chaperons, cytoskeleton,
ribosomal structure and repair pathway. These differences in tumour cell protein profiles
warrant further investigations focusing on protein validation 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 biological properties with capacity to scavenge
free radicals and to inhibit tumor cell growth in a selective manner. It is clear that red
propolis interacts with a whole set of intracellular events and turns to be a promising and
suitable candidate to inhibit cell growth and contribute to different steps related to the
carcinogenesis process. Effects of some of the proteins here and elsewhere identified that
contribute to regulate the metabolism may provide further applications as molecular targets
of therapeutic intervention for several cancer types, including the ones found in the larynx.
Cell-based proteomic assays are particularly valuable when searching for therapeutic agents
once they can reveal activity against a particular molecular target and desirable properties
such as the protein-protein interactions to permeate cells and to retain biological activity.
Although the molecular mechanisms by which red propolis interacts with cell metabolism

remains still unclear, further studies including isolation of major bioactive compounds of red
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propolis in different tumor and non-tumor cell lines using proteomics and molecular tests to
validate the differential protein expression here observed trough immunofluorescence and

western blot analysis will contribute to elucidate the antioxidant and anticancer activities

reported.
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Figure 1: 2-DE profiles of the control (A) and red propolis treated group (B, 6 ug/mL; C,
120 pg/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.
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*A (RNA processing and modification); C (Energy production and conversion); F (Nucleotide transport and
metabolism); G (Carbohydrate transport and metabolism); | (Lipid transport and metabolism); J (Translation,
ribosomal structure and biogenesis); K (Transcription); L (Replication, recombination and repair); O
(Posttranslational modification, protein turnover, chaperones); P (Inorganic ion transport and metabolism); R
(General function prediction only); T (Signal transduction mechanisms); U (Intracellular trafficking, secretion,
and vesicular transport); V (Defense mechanisms); X (Null); Y (Nuclear structure); Z (Cytoskeleton).

Figure 2: Functional distribution of the identified proteins by 2-DE SDS-PAGE found in

control group of Hep-2 cell line (KOG- EuKaryotic Orthologous Group).
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Figure 3: Magnified view expression profile of the 7 significant altered proteins: 5 down-
regulated in the C panel from Figure 1 and 2 up-regulated in the B panel form Figure 1.
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Table 1: Identified proteins from Hep-2 cells by MS.

Niﬁger Name Description Protein ID ﬁfjerqutl)zrr] I\gggigt M'I;/r\l/e(oDré) ThS?r' (%) M;;;Td KOG
7 calreticulin precursor gi|l4757900 105 48283 4.29 9 4 @)
11 calumenin gi|2809324 414 37164 4.47 29 8 TU
13 nascent-polype_ptide-associated complex 0i[62897731 335 93344 452 o5 5 K

alpha polypeptide
16 hCG1983058 0i|119619436 159 25031 4.59 28 4 X
17 proliferating cell nuclear antigen 0i|4505641 256 29092 4.57 24 4 L
18 tropomyosin alpha-1 chain isoform 5 gi|27597085 506 32846 4.69 35 13 Z
19 tropomyosin alpha-4 chain isoform 2 gi|4507651 625 28619 4.67 42 13 Z
20 tropomyosin alpha-3 chain isoform 2 0i|24119203 354 29243 4.75 29 7 Z
21 14-3-3 protein epsilon gi|5803225 451 29326 4.63 37 9 @)
22 14-3-3 protein zeta/delta gi|4507953 452 27899 4.73 30 5 @)
23 14-3-3 protein theta gi|5803227 410 28032 4.68 29 5 O
24 14-3-3 protein zeta/delta gi|4507953 524 27899 4.73 37 8 @)
25 14-3-3 protein zeta/delta gi|4507953 344 27899 4.73 30 5 O
26 14-3-3 protein beta/alpha gi|4507949 154 28179 4.76 26 4 O
tyrosine 3-monooxygenase tryptophan 5 -
27 monooxygenase activation protein beta i|377656701 399 28076 4.76 34 7 @)
polypeptide
28 gukaryotlc translation initiation factor 6 gil4504771 254 27095 456 26 4 j
isoform a
33 RNA polymerase Il subunit gi|1017823 131 17203 4.50 24 2 K
34 smooth muscle myosin alkali light chain i|467828 66 17772 4.57 14 2 Z
35 smooth muscle myosin alkali light chain 0i|467828 193 17772 4.57 23 4 Z

69
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120726%2FFtGpCfTSS.dat&hit=gi%7C4507949&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7

36
37
38
39
40
41
42
44
45
46
47
49
50
51
52
53
54
58
59
60
61
62
64

67

69
70
71
72

tumor rejection antigen (gp96) 1 variant
nucleolin

tumor rejection antigen (gp96) 1 variant
heat shock protein gp96 precursor
nucleolin

nucleolin

90kDa heat shock protein

tropomyosin alpha-4 chain isoform 2
90kDa heat shock protein

90kDa heat shock protein

90kDa heat shock protein

90kDa heat shock protein

90kDa heat shock protein

heat shock protein HSP 90-beta

90kDa heat shock protein

thyroid hormone binding protein precursor
78 kDa glucose-regulated protein precursor
tubulin, beta

tubulin, beta

90kDa heat shock protein

alpha-tubulin

vimentin

vimentin

UV excision repair protein RAD23 homolog
B isoform 1

laminin-binding protein

ribonuclease inhibitor

B23 nucleophosmin

vimentin

0i|62088648
gi|189306
gi|62088648
gi|15010550
gi|189306
gi|189306
gi[306891
gi[4507651
gi[306891
gi[306891
gi[306891
gi[306891
gi[306891
gi[20149594
gi[306891
gi[339647
gi[16507237
0i[18088719
0i[18088719
gi[306891
gi[37492
gi[340219
gi[340219

0i|4506387

gi[34234
gi[21361547
gi[825671
gi[340219

95
90
107
463
203
182
187
139
226
141
327
341
507
940
491
156
374
522
891
248
103
441
370

112

257
114
53
183

66140
76355
66140
90309
76355
76355
83584
28619
83584
83584
83584
83584
83584
83554
83584
57468
72402
50096
50096
83584
50810
53738
53738

43202

31888
51766
31090
53738

5.08
4.59
5.08
4.73
4.59
4.59
4.97
4.67
4.97
4.97
4.97
4.97
4.97
4.97
4.97
4.82
5.07
4.75
4.75
4.97
5.02
5.03
5.03

4.79

4.84
4.71
4.71
5.03

12

10
19
13
12

15

11
12
12
18
26
23
16
18
32
35

11
26
25

16
20

20
12
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmxYTT.dat&hit=gi%7C4507651&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmxSee.dat&hit=gi%7C306891&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmzawe.dat&hit=gi%7C18088719&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmzeEL.dat&hit=gi%7C18088719&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmzeEO.dat&hit=gi%7C306891&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmzeOm.dat&hit=gi%7C37492&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbset.dat&hit=gi%7C340219&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsOL.dat&hit=gi%7C340219&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsTS.dat&hit=gi%7C4506387&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsTh.dat&hit=gi%7C34234&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsOm.dat&hit=gi%7C21361547&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsTm.dat&hit=gi%7C825671&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsOS.dat&hit=gi%7C340219&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7

73
74
75

76

77
78
79
80
83
84
85
88
89
90
91
92
93
94
95
96
97
98
100
101
102

103

tubulin, beta
alpha-tubulin
vimentin

ATP synthase subunit beta, mitochondrial

precursor

protein disulfide isomerase-related protein 5

vimentin

vimentin

vimentin

NSFL1 cofactor p47 isoform a
chain C, Human Pcna
laminin-binding protein
TPMsk3

C protein

14-3-3 protein epsilon
tropomyosin beta chain isoform 2
14-3-3 protein theta

14-3-3 protein zeta/delta

14-3-3 protein zeta/delta
proteasome subunit alpha type-5
14-3-3 protein beta/alpha
nucleophosmin isoform 1

B23 nucleophosmin (280 AA)
HSPC263

human elongation factor-1-delta
thioredoxin-like protein 1

chain A, human annexin V with incorporated
methionine analogue azidohomoalanine

gi|18088719
0i|340021
gi[340219

0i[32189394

gi[1710248
0i|340219
gi[340219
0i|340219
0i|20149635
gi[2914385
gi|34234
gi|19072649
gi[306875
0i|5803225
gi[47519616
gi[5803227
gi|4507953
gi[4507953
gi[7106387
gi[4507949
gi|10835063
gi|825671
06841176
gi|38522
gi[4759274

Qi|342350777

1002
469
965

927

463
243
274
567
123
147
322
158
81
368
145
342
290
551
129
285
185
227
113
213
61

609

50096
50804
53738

56525

46512
53738
53738
53738
40548
29072
31888
28906
32004
29326
33027
28032
27899
27899
26565
28179
32726
31090
31951
31316
32630

35811

4.75
494
5.03

5.26

4.95
5.03
5.03
5.03
4.99
4.53
4.84
4.72
5.10
4.63
4.63
4.68
4.73
4.73
4.74
4.76
4.64
4.71
4.90
4.95
4.84

4.89

45
21
38

42

26
22
26
29
22
16
32
19

25
19
25
30
34
19
26
18
22
21
17
13

45
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbswS.dat&hit=gi%7C18088719&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsOR.dat&hit=gi%7C340021&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsOh.dat&hit=gi%7C340219&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbswE.dat&hit=gi%7C32189394&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbswT.dat&hit=gi%7C1710248&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbswt.dat&hit=gi%7C340219&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbswh.dat&hit=gi%7C340219&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbswR.dat&hit=gi%7C340219&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsnT.dat&hit=gi%7C20149635&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsat.dat&hit=gi%7C2914385&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbsnR.dat&hit=gi%7C34234&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbstS.dat&hit=gi%7C19072649&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbeSt.dat&hit=gi%7C306875&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120907%2FFtGTmbstm.dat&hit=gi%7C5803225&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7

104
106
107
108
111
112
113
114
115

116

118
119
120

121

122
123
128
130

131

137
138

139

141
142

WD repeat-containing protein 61

rho GDP-dissociation inhibitor 1 isoform a
C protein

C protein

transcription intermediary factor 1-beta
alpha actinin 4

90kDa heat shock protein

90kDa heat shock protein

90kDa heat shock protein

eukaryotic translation initiation factor 5A-1
isoform B

human Cu, Zn superoxide dismutase
stathmin isoform a

nucleoside diphosphate kinase A isoform b
chain A, human dutp pyrophosphatase
complex with dudp

thiol-specific antioxidant protein
glutathione S-transferase

cofilin-1

protein DJ-1

chain A, horf6 a novel human peroxidase
enzyme

alpha-enolase isoform 1

L-lactate dehydrogenase B chain

proteasome activator complex subunit 1
isoform 1

proteasome (prosome, macropain) activator
subunit 2 (PA28 beta), isoform CRA b

prohibitin

gi|13376840
gil4757768
gi[306875
gi[306875
gi[5032179
gi[2804273
gi[306891
gi[306891
gi[306891

gi[4503545

gi[349905
gi[5031851
gi[4557797

gi[34810576

gi[438069
gi[2204207
gi[5031635
gi[31543380

gi[3318841

gi[4503571
gi[4557032

gi|5453990

gi[119586505
gi[4505773

118
174
126
114
112
136
231
196
178

40

84
252
141

173

48
223
110
101

94

503
314

100

159
302

33731
23250
32004
32004
90261
102661
83584
83584
83584

17049

15861
17292
17309

16322

22014
23595
18719
20050

25011

47481
36900

28876

22023
29843

5.16
5.02
5.10
5.10
5.52
5.27
4.97
4.97
4.97

5.08

5.70
5.76
5.83

6.77

6.84
5.43
8.22
6.33

6.00

7.01
5.71

5.78

5.40
5.57

12
14
16

(62}

13

30

18
50
34

42

19
21
18
30

22

28
19

15

13
34

BN o poNwwNnbhON

w o1 o A BDNOWW B D>

NOO M mMmX7©1©V « OO0OONXCCH®™

)
<

O O®m X

o

72


http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbTnm.dat&hit=gi%7C438069&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbTtO.dat&hit=gi%7C2204207&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHEO.dat&hit=gi%7C5031635&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHEe.dat&hit=gi%7C31543380&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHEE.dat&hit=gi%7C3318841&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHTe.dat&hit=gi%7C4503571&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHOT.dat&hit=gi%7C4557032&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHOe.dat&hit=gi%7C5453990&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHwO.dat&hit=gi%7C119586505&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHOR.dat&hit=gi%7C4505773&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7

143
145

146

147
149
151
152
153
154
155
157
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

60S acidic ribosomal protein PO
BTB/POZ domain-containing protein
KCTD12

regulation of nuclear pre-mRNA domain-
containing protein 1B

L-lactate dehydrogenase B chain
F-actin-capping protein subunit alpha-1
actin, cytoplasmic 1

actin, cytoplasmic 1

actin, cytoplasmic 1

actin, cytoplasmic 1

eukaryotic initiation factor 4A-I isoform 1
actin, cytoplasmic 1

alpha-tubulin

peptidyl-prolyl cis-trans isomerase FKBP4
transformation upregulated nuclear protein
T-complex protein 1 subunit epsilon
transformation upregulated nuclear protein
chaperonin (HSP60)

importin subunit alpha-2

alpha-tubulin

lamin-B1 isoform 1

heat shock cognate 71 kDa protein isoform1
heat shock cognate 71 kDa protein isoform1
heat shock cognate 71 kDa protein isoform1
HSP70-2

heat shock 70kDa protein 9 (mortalin)
chaperonin (HSP60)

PRO2044

gi[4506667
0i[19923973

gi|11034845

gi[4557032
gi[5453597
gi[4501885
gi[4501885
gi[4501885
gi[4501885
gi[4503529
gi[4501885
gi[340021
gi[4503729
gi[460789
gi[24307939
gi[460789
gi[306890
gi[4504897
gi[340021
gi[5031877
gi[5729877
gi[5729877
gi[5729877
gi[4529892
0i[12653415
gi[306890
0i|6650826

219
46

60

56
90
710
676
429
387
370
404
243
233
393
217
684
213
135
366
274
677
1181
454
644
694
1060
125

34423
35964

36991

36900
33073
42052
42052
42052
42052
46353
42052
50804
52057
51325
60089
51325
61157
58168
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120908%2FFtGTmbHaT.dat&hit=gi%7C4506667&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGSnS.dat&hit=gi%7C19923973&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGSnE.dat&hit=gi%7C11034845&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGSnt.dat&hit=gi%7C4557032&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGSnm.dat&hit=gi%7C5453597&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGStS.dat&hit=gi%7C4501885&db_idx=1&px=1&ave_thresh=36&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGStL.dat&hit=gi%7C4501885&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGSth.dat&hit=gi%7C4501885&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGSth.dat&hit=gi%7C4501885&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSGStR.dat&hit=gi%7C4503529&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcSS.dat&hit=gi%7C4501885&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcSE.dat&hit=gi%7C340021&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcEL.dat&hit=gi%7C4503729&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcSt.dat&hit=gi%7C460789&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcEh.dat&hit=gi%7C24307939&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcSe.dat&hit=gi%7C460789&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcEm.dat&hit=gi%7C306890&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcSR.dat&hit=gi%7C4504897&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrceT.dat&hit=gi%7C340021&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcEO.dat&hit=gi%7C5031877&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcmS.dat&hit=gi%7C5729877&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcEE.dat&hit=gi%7C5729877&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcmL.dat&hit=gi%7C5729877&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcEt.dat&hit=gi%7C4529892&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcmR.dat&hit=gi%7C12653415&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcEe.dat&hit=gi%7C306890&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcTL.dat&hit=gi%7C6650826&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcER.dat&hit=gi%7C6650826&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcOT.dat&hit=gi%7C119626083&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcmE.dat&hit=gi%7C119626083&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcOE.dat&hit=gi%7C220702506&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcTE.dat&hit=gi%7C36796&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcnL.dat&hit=gi%7C5453603&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcTS.dat&hit=gi%7C5031753&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcTR.dat&hit=gi%7C3264859&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcOS.dat&hit=gi%7C285975&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcaE.dat&hit=gi%7C693933&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSraSO.dat&hit=gi%7C4503571&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSrcOR.dat&hit=gi%7C381964&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120918%2FFtGTIxYaL.dat&hit=gi%7C4557817&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120909%2FFtGTSraeE.dat&hit=gi%7C26224790&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSranE.dat&hit=gi%7C4826659&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSranL.dat&hit=gi%7C4826643&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSrane.dat&hit=gi%7C30410796&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSratT.dat&hit=gi%7C27597059&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSratE.dat&hit=gi%7C17402904&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSratt.dat&hit=gi%7C4758484&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSratL.dat&hit=gi%7C5803013&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSratR.dat&hit=gi%7C4506407&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSruST.dat&hit=gi%7C4506183&db_idx=1&px=1&ave_thresh=38&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSruSh.dat&hit=gi%7C4506209&db_idx=1&px=1&ave_thresh=37&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120910%2FFtGTSruET.dat&hit=gi%7C4503571&db_idx=1&px=1&ave_thresh=36&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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leukocyte elastase inhibitor

CKB

actin, cytoplasmic 1

eukaryotic translation initiation factor 3
subunit F

chain A, 3.10 a crystal structure of maspin,
space group P 421 2

acyl-CoA thioesterase 8

eukaryotic translation initiation factor 2
subunit 1

trafficking protein particle complex 2,
isoform CRA ¢

5Sa/antisecretory factor protein, partial
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Table 2: Identification of differentially expressed proteins in Hep-2 cells from control and treated groups.

Expression (%Vol)? Fold Change”
Gene Name Control® Treatment® Control/ KOG* Protein Description
120 pgimL 6 pg/mL Treatment

DOWN-REGULATED
GRP78 0.400 0.188 2.12 O 78 kDa glucose-regulated protein precursor
PRDX2 0.264 0.206 1.28 O thiol-specific antioxidant protein
LDHB 0.532 0.091 5.84 C L-lactate dehydrogenase B chain
VIM 0.162 0.112 1.45 Z vimentin
TUBA1A 0.198 0.028 7.07 Z alfa-tubulin
UP-REGULATED
RAD23B 0.069 0.087 0.79 L UV excision repair protein RAD23

homolog B isoforms 1
RPLPO 0.247 0.320 0.77 J 60 acidic ribosomal protein PO

a) %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; J) translation, ribosomal structure and biogenesis; L) replication,

recombination and repair; O) post-translational modification, protein turnover, chaperons; Z) cytoskeleton.
d)Control group, treatment with hydroalcoolic solution instead of propolis.
e)Propolis treated groups: 120 pg/mL (IC50) and 6 ug/mL (non cytotoxic).
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3.3 Discussao Geral

Este é o primeiro trabalho que investiga os principais compostos da propolis
vermelha de Sergipe pela técnica de espectrometria de massas de alta resolucdo e que
confirma efeitos antioxidantes do extrato e citotoxicos contra células cancerosas. A
identificacdo quimica aqui apresentada reforca a complexidade de compostos encontrados
no extrato da prépolis vermelha, por exemplo, flavondides como a formononetina,
liquiritigenina, medicarpina e biochanina A. Os flavonoides séo considerados os principais
compostos responsaveis pelos efeitos benéficos observados pela acdo da propolis, sendo a
eles atribuidas as propriedades antibacteriana, antiviral e antioxidante (Barbosa, 2009). Li et
al. (2008) investigaram as atividades citotoxicas in vitro de varios compostos isolados de
propolis vermelha brasileira. Entre as moléculas investigadas, isoliquiritigenina e
medicarpina mostraram uma potente atividade contra as linhagens celulares de cancer como
26-L5, B16-BL6 e Hela, enquanto que a formononetina, biochanina A e liquiritigenina
demonstraram atividade citotdxica contra a célula tumoral de cdlon murino 26-L5.

As concentraces de propolis vermelha mostraram-se mais citotoxicas nas células
tumorais, Hep-2 e Hela, respectivamente 128,12 + 5,33 e 85,77 + 1,00 ug/mL, quando
comparadas a célula ndo tumoral Hek-293 (> 150 upg/mL), indicando uma possivel
seletividade para as células tumorais, a qual ficou mais evidente no tratamento de 24 h. O
trabalho de Valente et al. (2011) corrobora com estes resultados, uma vez que ele relata que
extratos metandicos de prépolis portuguesa também apresentaram seletividade para células
tumorais em células de cultura primaria. Moraes et al. (2010) também constataram que
extratos da propolis apresentaram maior inibicdo do crescimento das células primarias de
cancer da prostata quando comparadas a células normais da préstata.

O ensaio clonogénico se mostrou como mais um método de comprovagdo da
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atividade inibitoria da propolis vermelha, a qual apresentou citotoxicidade de 100% em
células Hep-2 a partir da concentracdo de 10 pg/mL. Ou seja, o tratamento de 24 h com esta
concentracdo de propolis vermelha impediu o crescimento de qualquer colbnia. A
citotoxicidade e a seletividade sdo parametros importantes na prevencdo e tratamento do
cancer, visto a necessidade do desenvolvimento de novos produtos a partir de fontes naturais
que sejam efetivos, porém que ndo apresentem efeitos indesejaveis ao corpo humano.

O efeito inibitério no crescimento celular de ceélulas cancerosas pode estar
relacionado a presenca de compostos fendlicos encontrados em cada extrato, que varia de
acordo com a regido, clima e ano em que o material foi coletado. Foi comprovado atraves do
ensaio Folin-Ciocalteu que o extrato hidroalcodlico da prépolis vermelha de Sergipe possui
na sua constituicdo um significante conteudo de polifendis totais (151,55 + 1,95 mg/g de
extrato seco). Através dos ensaios colorimétricos, também se pode observar que a propolis
possui capacidade antioxidante de varrer o radical livre DPPH" e apresenta atividade
enzimatica Sod (466,90 + 12,40 USod-like) e Cat-like (13,13 £ 2,65 mmol de H,0;
decomposto/min). A enzima superoxido dismutase catalisa a dismutacdo do anion
superdxido em oxigénio e peroxido de hidrogénio, enquanto que a catalase converte o
peréxido de hidrogénio em agua e oxigénio molecular (Halliwell & Gutteridge, 2007). As
enzimas antioxidantes desempenham importante papel no equilibrio redox e na diminui¢édo
do estresse oxidativo, o qual esta envolvido no desenvolvimento de varias doengcas como as
neurodegenerativas, vasculares, canceres, entre outras.

A anélise protedbmica foi realizada utilizando as concentragdes 6 ug/mL (ndo
citotoxica) e 120 ug/mL (IC50) de extrato hidroalcodlico de prdpolis vermelha em células
tumorais Hep-2. Os resultados indicam padrdes proteicos diferentes quando comparado ao
controle que recebeu a mesma quantidade de solugé@o hidroalcoolica. Até 0 momento, este

estudo é mostra-se pioneiro ao utilizar a propolis vermelha do nordeste brasileiro associada a
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separacao de células tumorais por gel de poliacrilamida bidimensional e espectrometria de
massas. Por meio da analise de 9 géis utilizando o programa ImageMaster™ 2D Platinum
7.0, foram identificados os spots de proteinas dos quais 325 foram cortados manualmente e
177 proteinas identificadas. As proteinas identificadas foram relacionadas com diversos
processos metabdlicos, como producgdo e conversdo de energia, transporte e metabolismo de
carboidratos, proteinas do citoesqueleto, proteinas de reparo, entre outros. Contudo, a maior
porcentagem ficou classificada dentro do grupo relacionado a modificacdo pos-traducional,
reciclagem de proteinas e chaperonas (letra O na classificacdo feita pelo KOG). Das
proteinas identificadas com expressao diferencial, cinco apresentarm sua expressao reduzida
na presenca do extrato da propolis (120 pg/mL): GRP78, PRDX2, LDHB, VIM, TUBA1A.
A proteina GRP78 modula as funcées do reticulo endoplasmatico apresentando propriedades
pré-sobrevivéncia e antiapoptotica (Wang et al., 2009; Chiu et al., 2008). Acredita-se que
ela possa interagir na ativacdo dos componentes da via apoptotica em uma série de
moléculas. A proteina PRDX2 possui as fungdes proliferativa e antiapoptética, induzindo
mudancas carcinogénicas sob tratamento (Noh et al., 2001). LDHB é uma enzima chave que
converte o lactato a piruvato e sua expressao reduzida sugere a inibicdo na atividade
proliferativa das células tumorais. A proteina VIM indica diferenciagdo e agresséo celular,
tendo sido recentemente indicada como um novo alvo terapéutico (Lahat et al., 2010). A
expressdo reduzida desta proteina parece estar relacionada com a inibicdo da proliferacéo
celular tumoral (Nodale et al., 2012). TUBAZ1A ¢ a principal componente dos microtubulos,
sendo a sua identificacdo muito importante na pesquisa do cancer. Esta proteina € crucial na
divisdo celular, que a torna interessante para o design de novas drogas anticancerigenas
(Kavallaris, 2010).

Apenas duas proteinas identificadas neste estudo, RPLPO e RAD23B, mostraram

expressdo aumentada na concentragdo nao citotoxica. A RPLPO é uma proteina envolvida na
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traducdo do RNAm. Recentes relatos indicam um aumento da sua expressdo em condi¢cdes
de estresse induzido pelo fator de necrose tumoral proéapoptotico (TRAIL) em células de
cancer de mama (Wilmet et al., 2011) e em quimioterapicos a base de platina para cancer de
pulmdo (Kageyama et al., 2011). A proteina RAD23B esta envolvida no reparo por excisdo
de nucleotideos (NER), o seu dimero se liga preferencialmente a agentes quimioterapicos
com platina, como a cisplatina, e em dupla fita de DNA com dano causado por ultravioleta
(Sugasawa et al., 2009, Janicijevic et al., 2003).

Os resultados da protedmica comparativa mostram que a prépolis 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 o processo de
carcinogénese. Os efeitos de algumas das proteinas aqui identificadas sugerem outras
aplicacBes como alvos moleculares para intervencdo terapéutica em varios tipos tumorais.
Ensaios baseados em estudos protebmicos séo 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 interacdes 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 o isolamento de compostos bioativos
importantes com testes citogenéticos e moleculares servirdo para melhor elucidar a atividade
antioxidante e antitumoral aqui observada. Compostos isolados também devem ser

investigados quanto as suas propriedades bioldgicas em linhagens tumorais e ndo tumorais.

81



4. CONCLUSOES

Os dados obtidos neste estudo permitem concluir que:

» O extrato hidroalcodlico de prépolis vermelha possui em sua constituicao
principalmente flavonoides que conferem importantes propriedades
bioldgicas;

» O extrato hidroalcoolico de prépolis vermelha possui grande quantidade de
polifendis totais e capacidade de varredura do radical livre DPPH’, bem como
acdo enzimatica Sod e Cat-like comprovando sua acdo antioxidante;

» As concentracfes de extrato hidroalcodlico de propolis vermelha utilizadas
foram capazes de inibir o crescimento de células tumorais;

» A linhagem Hep-2 apresentou perfil proteico distinto na presenca ou auséncia
de extratos da propolis vermelha;

» Das proteinas identificadas com expressdo diferencial, a maioria apresentou
sua expressdo reduzida na presenca do extrato da propolis relativo a

concentracdo inibitoria de 50% quando comparada ao controle.
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5. PERSPECTIVAS FUTURAS

Como continuidade deste trabalho seria importante:

> Isolar e quantificar os compostos da propolis e analisar a sua atividade
bioldgica (antioxidante e antitumoral);

» Auvaliar e validar a expressdo de proteinas diferencialmente expressas atraves
de imunofluorescéncia indireta e Western blot;

> Realizar um screening da atividade bioldgica de extratos da prépolis em
bateria de linhagens tumorais e ndo tumorais;

» Auvaliar dano de DNA utilizando ensaio cometa;

> [Fazer estudo comparativo entre a propolis vermelha do Nordeste brasileiro e

a verde encontrada nas regides Sul e Sudeste do Brasil.
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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
Getdlio 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 Led. All rights reserved.
http://dxdoi.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,
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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).

22. 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.

23. Preparation of red propolis extract

Propolis was ground to a fine powder and 1g (dry weight) was mixed
with10 mL of EFOH-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 *Cand prepared at different
concentrations with EtOH-H,0 50% (v/v), and finally filtered through a 0.22 pm
polyethersulfone membrane (TPP, Techno Plastic Products, Switzerland).

24. 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 pLmin "
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
+3500 V 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 mjz 200 or above m|z 650, therefore ESI(+)-MS data is shown in the
mfz 200-650 range.

25. 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%, wjv) 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-HCl buffer (100 mM, pH 7.0) containing 250 pmolL ' 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-).

2.62. 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 pL of
phosphate buffer (pH 7.0), 70 pL of H20, (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% COy, 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 = 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 reated 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 °Cfor 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 wellsfabsorbance 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.

2.82. Conogenic 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%
C0, 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
arow 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
ESK+}-MS/MS data for major compounds found in red propolis from Sergipe.
Entry  Precursor ion Identification Elem. Diff. Fragment ions M5/MS (%)[MS2}{MS3} Fragmentation pathways Ref.
m|z (%) comp. (ppm)
1 221.1204(25)  6-Acetyl-2,2- C;3Hi70; 2392 206.0969(100) 196.5332(100); 137.1431(80)]. 206.0969 [M-CH;] Valcic
dimethyl-3- et al.
hydroxychroman (1999)
2 2551022 (8) 2-Hydroxy-4- CisHy150: 0316 Righi
methoxychalcon et al.
(2011)
3 257.0811(9) Liquiritigenin CisHiz04 1.068 242.0582(20); 239.0700(100) [211.0755(100) 239.0708 [M-0H]; 211.0759 Piccinelli
{(196.5468(80); 183.0809(15); 137.177(100)}; [M~0H-CO); 196.5468(M-0H- et al.
196.5520(20); 137.1649(20)]; 229.0868(25); CHz); 147.0441[M—CsHg02]; (2011)
211.0755(30); 178 9466(15); 163.0888(7); 137.0236[CgHaO2|'
147.0441(100}; 137.0236(100).
4 269.0820(100) Formononetin CigHiz04 0265 254.0575(100) [237.0552(100); 226.0624(30); 254.0575[M ~CHa): Piccinelli
136.0155(10)]; 241.0865(15); 237.0552(60) 237.0552[M-0H-CH5); et al.
[209.0604(100)]; 213.0917(100) [198.0680( 100); 136.0155[M~CH3;-PhOH-C:Hz]  (2011)
195.0810(70); 182.0725(20)]; 107.0492(15).
5 271.0975(16) Medicarpin CisHis04 0125 253.0858(30)[225.0909(100); 196.5134(20); 253.0858[M-0OH]; Piccinelli
137.1273(20)]; 239.0700(5); 229.0868(5); 239.0700[M—0CH,]; et al.
177.0546(7); 163.0388(7): 151.0394{100) 151.0394(CgH;04]' (2011)
[137.0600(10); 131.0494(100)]; 137.0600(5);
131.0494(30).
285.0765 (44) Biochanin A CigHiz0s 0707  270.0534{100) [253.0493(60); 242.0582(20); 270.0534[M—CHa]; Piccinelli
214.0621(30); 137.0236(100)]; 257.0811(25); 257.0811[M-COJ; et al.
253.0493(60) [225.0552(100) {197.0599(100); 253.0493[M -0OCHs); (2011)
137.1576(100}]; 229.0868(30) [211.0755(90); 137.0236[ G Hs04]'
197.0599(100); 183.0809(20)]; 225.0552(20);
152.0104(7); 137.0236(25).
7 523.1751(8) Retusapurpurin CpHy0; 0 399.1220(50) [387.1244(100); 373.1066(20)]; 399.1220 [M-Ph-OH-0CH3]; Piccinelli
B 387.1244(100) [371.0919(100); 355.0979(30); 387.1244 [M-Ph-OCH;-0CHz]; et al
279.0645(30); 196.5436(5)]; 386.1164(30); 386.1164 [C24H,50s]": 371.0919  (2011)
371.0919(15). [CasHy505]"
8 611.1965 (10) Hesperetin 7- CagHas04s 1792 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
etal., 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 (Gomez-
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/fz 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® Ics0" UsoD-like
Red propolis 151.55+1.95 27013 +£24.77 466.90 +12.40 1313 +£265

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 (027) to oxygen and H20,,
while catalase converts H.0» 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 2
1C50 for 1 h and 24 h treatment with red propolis extracts in different cell lines.

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

Tumor cell lines Normal cell line

Hep-2 HelLa Hek-293

1-h 12812 £533 85.77 £1.00 =150
24-h 63.48 +3.30° 81.40 *+ 6.40 =150

I1C50 (pg/mL) presented as mean + 5D,

“ 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 reatment,
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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