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Resumo

A propolis tem sido motivo de intensa investigagientifica e sua acao
imunomoduladora vem sendo mencionada. A recenteodeda e caracterizagdo da
familia dos receptores semelhantes a Toll (TLR) deisencadeado grande interesse no
campo da imunidade inata. Tal interesse deve-sefatm de estes receptores
proporcionarem um papel vital no reconhecimentaohiano e no desenvolvimento da
resposta imune adaptativa. Tendo em vista que litd m$er investigado no tocante a
relacdo imunomodulacdo-TLR, o objetivo deste poofet avaliar o efeito da propolis
na expressdao dos mesmos, bem como determinar aicAmdde citocinas pro-
inflamatodrias (IL-B e IL-6) por macréfagos e esplenécitos de camurmoiALB/C.

A expressao e a producao de citocinas do perfil(Tk2 e IFN+y) e Th2 (IL-4 e IL-10)
por esplendcitos também foram avaliadas. A prépaliiziu aumento na producao
basal de IL-B e na expressdo de TLR-2 e TLR-4 em macréfagodopesis. A
expressdo de TLR-2 e TLR-4 e a producdo deflLellL-6 também apresentaram
valores aumentados em esplendcitos de camundongiasids com propolis. Estes
dados sugerem que a administracdo de propolista puzo a camundongos pode
estimular os eventos iniciais da resposta imun@rd@polis ndo afetou a expressao e
producao de IL-2, IL-4 e IL-10; contudo, a produdfsal e estimulada de IRNfoi
inibida ap6s a administracdo deste produto apicolague sugere seu efeito

antiinflamatério in vivo.

Palavras chave:Citocinas; Imunomodulagéo, Propolis; Real-timeRR.d oll-like receptors.



Abstract

Propolis has been the subject of intense scientigsearch and its
immunomodulatory action has been mentioned. Theentecdiscovery and
characterization of Toll like receptors (TLR) hagdered a great interest in the field of
innate immunity. This interest is due to the fddttthese receptors provide a vital role
in microbial recognition and development of the @de immune response.
Considering that there is much to be investigategarding the relationship TLR-
immunomodulation, the goal of this project was waleate propolis effect on TLR-2
and TLR-4 expression, and to determine the produatf proinflammatory cytokines
(IL-1B and IL-6), in macrophages and spleen cells fronLB/& mice. Thl (IL-2 and
IFN-y) and Th2 (IL-4 and IL-10) cytokines’ expressiondaproduction were also
assessed in spleen cells. IB-fhasal production and TLR-2 and TLR-4 expressiorewe
increased in peritoneal macrophages of mice treatdédpropolis. TLR-2 and TLR-4
expression and ILfL and IL-6 production were also increased in spleelts of
propolis-treated mice. These data suggest thaiopsogdministration over a short-term
to mice stimulates the initial steps of the immuegponse. Propolis did not affect IL-2,
IL-4 and IL-10 expression and production, but bbésal and Con A-stimulated IFN-
production were inhibited after propolis administva, what suggests its anti-

inflammatory action in vivo.

Keywords: cytokine; Immunomodulatory; Propol&al-time PCR.; Toll-like receptors.
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1. Introducéo

A utilizacdo de plantas medicinais e produtos rmaguacompanha o homem ha
centenas de anos, e a utilizacdo destes produtoscrescendo progressivamente em
todo o mundo. Entretanto, a utilizagdo destes pgozdonuitas vezes € acompanhada do
desconhecimento de suas propriedades medicinaisioda falta de informacdo sobre
sua eficacia, posologia e seguranca. Assim, famesessaria a investigacdo destes
produtos para compreender melhor seus mecanismusles de atuacbes (Berman &
Straus, 2004).

Varios ensaios tem sido realizados com o intuitootdservar tais efeitos,
principalmente com relacdo ao sistema imunolégi®imrgin, 2007; Mainardet al,
2009). A acdo imunomoduladora de plantas mediginaisdutos naturais e seus
componentes quimicos despertaram interesse emsvarieas, principalmente em
medicina humana e veterinaria. O sucesso terapéutigtido atualmente nos
tratamentos clinicos € devido, em grande parteoabecimento popular. A utilizacédo
de plantas e produtos naturais oferece um potedeiahodalidade terapéutica para o
tratamento de varias condicdes diferentes, inctugféitos sobre as citocinas (Spelman
et al, 2006).

1.1. Prépolis

A prépolis € um produto natural, elaborado pelaslteds a partir de material
coletado em botdes, gemas e coértex vegetais, teiddoempiricamente utilizada por
apresentar inumeras propriedades biologicas, detdse a imunomoduladora (Sforcin,
2007).

Atualmente, a propolis tem despertado a atencgmedquisadores interessados
em elucidar cientificamente suas propriedades (Bdagt al, 2001). Nesse sentido, 0
efeito da prépolis tem sido estudado por nosso gyrepidenciando-se suas acoes:
antibacteriana, antifangica, antiparasitaria, araive imunomoduladora (Sforciet al,
2000; Muracket al, 2002; Freita®t al, 2006; Sforcin, 2007; Bufalet al, 2009).

1.2. Composicao quimica da propolis
A composicdo quimica da propolis € muito complegando constituida

basicamente por resinas e balsamos (55%), cer&s),(8teos vegetais (10%) e pdlen



(5%). Investigando a estrutura quimica dos comptseda propolis, encontra-se, em
sua composicdo, flavondides, &cidos aroméaticoseresst aldeidos, terpenos,
aminodcidos, polissacarideos, hidrocarbonetosp@lcbidroxibenzenos, dentre outros
(Burdock, 1998).

A composicao quimica da propolis por nés coletadmiago das quatro estacdes
na regido de Botucatu, SP, foi analisada, veriticase que diferencas sazonais ndo sao
significantes, mas predominantemente quantitati@ss.principais constituintes desta
propolis foram isolados e identificados: flavon@igeesentes em pequenas quantidades
(4’-O-metil caempferol, 5, 6,7-trihidroxi-3,4’-din@xiflavona, aromadendrina-4’-metil
éter), acidop-cumarico prenilado e dois benzopiranog&) € (2) 2,2-dimetil-6-
carboxietenil-8-prenil-2H-benzopiranos); 6leos essds (espatulenol, (2Z, 6E)-
farnesol, benzoato de benzila e acetofenonas adas); acidos aromaticos (acido
diidrocinamico, acidgp-cumarico, acido feralico, acido cafeico, acido-@iprenil{p-
cumarico, 2,2-dimetil-6-carboxietenil-8-prenil-2H2benzo-pirano); di- e triterpenos,
entre outros (Boudourova-Krasteea al, 1997; Bankoveet al, 1998). Nao houve
efeito da sazonalidade sobre a composicdo quimac@rdpolis coletada em nosso
apiario. Ademais, as fontes vegetais da propolislaimo apiario de nossa Universidade
foram investigadas, sendBaccharis dracunculifoliaa principal fonte, seguida de
Araucaria angustifoliee Eucalyptus citriodorgBankovaet al, 1999).

1.3. Efeitos biolégicos da propolis

A prépolis € um produto seguro, ndo havendo efettolaterais apds sua
administracdo. A administracdo de propolis a rafbbsezes ao dia, durante 3 dias
consecutivos, ndo induziu alteragdes na concemtrs@dca de proteinas totais, glicose,
uréia, creatinina, triglicérides, colesterol, HDalesterol, bem como nas atividades
especificas das transaminases (AST e ALT) e dalmesnase latica (LDH). Neste
trabalho, foi observado também a auséncia de aleitsazonalidade sobre a atividade
da propolis nas variaveis bioquimicas (Sforeiral, 2002). Dando continuidade a estes
trabalhos, visando avaliar o efeito de diferentagentracdes de propolis administradas
diariamente a ratos durante 30 dias; observou-s@go houve alteracdes significativas
quanto a concentracao seérica de lipidios totaggictrides, colesterol, HDL-colesterol,
e nem na atividade especifica da AST e LDH. Avalan perfil bioquimico de ratos
tratados com propolis a longo prazo (30 90 e 188)dbs resultados ndo evidenciaram

diferencas entre o grupo controle e 0s grupos dmatacom propolis, sugerindo a



auséncia de efeitos colaterais apos tratamentoestenproduto apicola (Maset al,
2006). Apos suplementacdo com propolis de homenslkeres sadios, observou-se a
auséncia de alteracbes sobre parametros bioquineicosnulheres, possivelmente
devido a acéo antioxidante dos estrégenos (Jasgirada 2007).

Com relacéo aos seus efeitos no sistema imuneyidenciado que a propolis
induz elevacdo na geracdo de perdxido de hidrogéHi®,) por macrofagos
peritoneais de camundongos e inibicdo na liberaigidxido nitrico (NO) por estas
células, de forma dose-dependente (Orti al, 2000). Em ensaios de
guimioluminescéncia com neutrofilos de coelhos, dbservado efeito inibitorio da
propolis e de alguns dos seus componesése a producdo de anion superoxido por
estas células (Simoes al, 2004). Esses resultados séo interessantes, poiEgio da
explosdo respiratéria poderia levar a persistérd@éa antigenos no hospedeiro.
Entretanto, 0 mecanismo de acdo da propolis solpmducdo de radicais livres por
macrofagos ainda néo esta elucidado (Custsah, 2005).

Lopeset al. (2003) avaliaram a acdo de extratos das plantasdale propolis
em nossa regido sobre a producéo g@,lé NO por macrofagos, verificando a auséncia
de efeito sobre a producéo de tais metabdlitogskssultados sugeriram que a acao da
propolis € uma consequéncia dos produtos derivda®glantas e adicdo de substancias
secretadas pelas abelhas, atuando possivelmentéorae sinérgica. Em 2007,
analisamos o efeito do extrato total das partesas¢do lavado glandular, das folhas,
das raizes e o Oleo essencial Be dracunculifolia bem como de substancias
purificadas, sobre o estado de ativagcdo de maa®faQs dados revelaram que o
extrato do lavado glandular, das folhas e das safmuziu a elevacdo na geracao de
H.O, por macréfagos. Com relagcdo aos compostos isqladégido deBaccharise o
friedelanol estimularam a producdo deChl Estes resultados sugerem uma acéo
ativadora de extratos e compostos isoladoBderacunculifolia sobre macrofagos
(Missimaet al, 2007).

Blonskaet al (2004), analisando o efeito do extrato etandteoprépolis e
compostos derivados de flavona, observaram efeibatdrio a nivel transcricional na
expressao génica da I[3® iINOS de macréfagos J774A.1, relatando que opasios
testados contribuiram para a atividade antiinflémata propolis.

Com relacdo a sua acédo contra microrganismos, lh@baexperimentais
revelaram que macrofagos peritoneais de camundoegtsiulados com propolis

apresentaram aumento na atividade fungicida coRaeacoccidioides brasiliensis



(Murad et al, 2002) e na atividade bactericida cor&emonellaTyphimurium (Orsiet
al., 2005). Em relacdo a propolis e parasitas, avdtiam efeito da propolis contra
Leishmania amazonensam culturas de macréfagos peritoneais, foi obsengue
extrato alcoodlico de prépolis ativou os macrofagadestruirem estes microrganismos.
A proépolis ndo apresentou citotoxicidade aos magas (Ayrest al, 2007).

Recentemente, foi avaliada a acdo da propolis emurmdongos BALB/c
submetidos a estresse, verificando que a admigdstradesse produto apicola
potencializou a geracédo de®} por macrofagos peritoneais e impediu 0 apareciment
de centros germinativos no baco (Missima & Sfor@008). A propolis induziu
também aumento na imunidade celular de animaiessstios e portadores de
melanoma, sugerindo a possivel utilizacdo desterapico em momentos de estresse
(Missimaet al, submetido).

Quanto a resposta imune humoral, nosso grupo alsee o tratamento com
propolis durante 3 dias induziu aumento na proddgdanticorpos em ratos imunizados
com albumina sérica bovina (Sfor@nh al, 2005). Estes achados reforcam a afirmacéo
prévia de Schelleet al. (1988), os quais sugeriram que este apiterapigriatmelhor
sobre o sistema imune quando administrado a curézop e que a atividade
imunoestimulante da propolis poderia estar assadiath a ativacdo de macréfagos e
aumento de sua capacidade fagocitica. A propalasndp utilizada como adjuvante em
vacinas anti-SuHV-I, induziu aumento nos niveisadgcorpos e amplificou a resposta
imune celular, apresentando uma maior porcentagerandnais protegidos contra a
doenca suina de Aujeszky (Fiscikegal, 2007).

Vérios pesquisadores tém relatado a propriedadgurmnotral da propolis.
Camundongos inoculados com tumor mamario transplahe apresentando metastases
pulmonares foram tratados com compostos isoladogra@leolis (derivados do acido
cafeico e compostos flavonoides ativos), apresentasignificativa diminuicdo no
namero de metastases e no crescimento tumorabgyeaatividade imunomoduladora
da propolis, a qual induziu a producéo de citocp@smacrofagos peritoneais (Orsolic
& Basic, 2003). Trabalhos de nosso grupo evideamague o extrato hidroalcoodlico de
propolis possui papel protetor no processo de magéinese do célon, suprimindo o
desenvolvimento de lesbes pré-neoplasicas (Baab, 2002). Avaliando o efeito deste
apitergpico sobre a ativacdo de célutasural killer (NK) contra células tumorais,
observamos também que a administracdo de propakdoa durante 3 dias induziu

aumento na atividade litica de células NK (Sfomrtial, 2002).



1.4. Toll like receptors

O reconhecimento inicial de microrganismos patag#ni presentes no
organismo pode se dar através de receptores egpress células envolvidas na
imunidade inata. Dentre eles, podemos citar ospteres de superficie para manose,
CD14, receptores para componentes do sistema comaple, e 0S recentemente
estudados receptores semelhantes a Toll-(ike receptorss TLRs) (Anderson, 2000).
Estes receptores podem ser divididos de acordoaceua localizacdo na célula: TLR-
1/2/4/5/6/10 s&o expressos na superficie celulaguanto que TLR-3/7/8/9 sé&o
expressos em compartimentos endossomais intraesula

Os TLRs sdo uma familia de proteinas transmemla&miaracterizadas por um
dominio extracelular com repeticdes ricas em leu¢ifiRR) e um dominio intracelular
Toll/IL-1R (TIR) (Medzhitov, 2001), sendo expresgus células imunoldgicas, como
macrofagos, linfécitos B e T, células epiteliaigroteliais (Sutmulleet al, 2006;
Kawai & Akira, 2006).

Em mamiferos, o dominio TIR também esta associadarg@s proteinas
citoplasmaticas, incluindo a molécula adaptadoraidalizacdo MyD88 (Horngt al,
2001; Yamamotoet al, 2002), com funcdo na transducdo de sinal do tecep
resultando também no recrutamento de varias owmaleculas como TIRAP/Mal,
IRAK-1, 2, 3, 4, TRAF-6, Trif e TRAM (Palm & Medztav, 2009; Takeda & Akira,
2004; Turvey & Hawn, 2006). A sinalizacdo do TLRtdeatravés destas proteinas
adaptadoras resulta na translocacdo do fator dectigdo NF-kB, com subsequente
transcricdo de genes para as citocinas pro-inflamaat(Takeda & Akira, 2004),

Esses receptores reconhecem certos constituintesolbiainos denominados
padr6es moleculares associados ao patdgeno (PAMI®)PAMPs sdo produtos
conservados pelos microrganismos e Sao essencas @ seu metabolismo e
sobrevivéncia (Medzhitov, 2001; Cheat al, 2007). Os TLRs reconhecem,
individualmente, um repertorio distinto, mas liikade PAMPs. Como exemplo de
pares receptor-ligantes bem caracterizados, temadfke4 e lipopolissacarideos (LPS),
TLR-5 e flagelina, TLRs-1/2/6 e lipoproteinas, zgan, TLRs-3/7/8/9, lipopeptideos de
micobactérias e RNA e DNA virais (Turvey & Hawn,0B).

O TLR das células da imunidade inata, uma vez @biveesulta na inducédo de

citocinas pro-inflamatorias, fagocitoséerstoxidativo. Como resultado desta ativacao,



células dendriticas regulam positivamente molécutasestimulatérias, secretam
citocinas imunomoduladoras como IL-12, aumentanocgssamento de antigenos e a
apresentacdo destes aos linfocitos T e B. Assini,L&s funcionam como uma ponte
entre os sistemas inato e adaptativo (Pasare & Ihkedz 2005)

O TLR-4 humano foi o primeiro TLR caracterizado emamiferos, sendo
expresso em macrofagos e células dendriticas (Nte&izl2001). O TLR-4 funciona
como um receptor de transdugcdo de sinal para LP§ueo foi confirmado em
camundongos C3H/HeJ deficientes em TLR-4, 0s quadsapresentavam respostas ao
estimulo por lipopolissacarideo (Medzhitov, 20@L).reconhecimento do LPS pelo
TLR-4 é complexo, e requer varias moléculas acessoAlém do CD14, a proteina
MD-2, expressa na superficie celular associada l&®-4, também € importante no
reconhecimento ao LPS (Visintiet al, 2006). Além do LPS, o TLR-4 reconhece
também outros ligantes, como o acido lipoteicéMedzhitov, 2001).

Em relagdo ao TLR-2, este receptor tem-se mostradgolvido no
reconhecimento de varios produtos microbianos, uindb peptidoglicanos e
lipoproteinas bacterianas, paredes celulares dpo$yrdentre outros (Kawai & Akira,
2006). O TLR-2 pode exercer sua acdo em cooperegdooutros dois receptores:
TLR-1 e TLR-6. Apesar disso, estes dois Ultimos sdpressos em varios tipos
celulares, enquanto que a expressdo do TLR-2 pasece restrita a células
apresentadoras de antigeno e células endotelidiZ (®et al.,2000).

Segundo Shishidet al. (2000), a ativacdo de TLR-2 tem papel central na
regulacdo da inflamagdo vascular em camundongagrisdo que o TLR-2 induz
aumento da producdo de citocinas pro-inflamato(esF-a, IL-13, e IL-6) e de
espécies reativas de oxigénio. TLRs também podenatseados por moléculas de
outros tecidos, como as do sistema cardiovascalaresentando um elo entre o
desenvolvimento de doencas cardiovasculares e@emnsismunologico, embora o papel
individual dos membros da familia TLR na fisiopatph destas doencas e na pratica
clinica ainda mereca maiores investigagfes (Freinet, 2007). No caso de pacientes
com artrite reumatodide, estes apresentam alta €sdwede TLR-2 e TLR-9 em
fibroblastos e linfécitos. Estes receptores podemasivados por anticorpos, produtos
de células necrdticas e proteinas de choque tétibharadas em altas quantidades pelos
tecidos lesados (Andreakes al, 2004). Deste modo, a inibi¢do da sinalizagaoedest

receptores tem sido estudada como uma opc¢ao téiEppara a inflamacao cronica.



A capacidade de sinalizacdo dos TLRs pode ser ladaupelo IFNy,
amplificando esta capacidade por regular positivaenas moléculas de sinalizacdo dos
receptores. Além disso, o IFNaumenta a expresséo do TLR, dos co-receptores e da
moléculas acessorias como a MyD88, IRAK-1 e o TRRAEem conseqlente aumento
da ativacdo do NikB (Schrodeeet al, 2006).

A relagcédo entre expressao de TLR e produtos natdespertou interesse dos
pesquisadores e um recente trabalho investigo@@ dag ginsengRanax ginseng..A.
Mayer G 115), correlacionando a producéo de ciescpor macrofagos peritoneais com
a expressao de TLR-2 e TLR-4 em camundongos sutimsesi estresse por natacao
(Pannacciet al, 2006). Trabalhos recentes do nosso grupo de gestlataram que
administracdo de propolis a submetidos ao estiadseiu aumento na expressdo dos
TLR-2 e TLR-4, cuja expressao estava inibida ness@sais, evidenciando a acao

imunorestauradora deste produto apicola (Pagliagbak, submetido).

1.5. Citocinas

Citocinas fazem parte de um grande grupo de peesoluveis, sendo
mediadores da resposta imune, e controlando diesydancdes celulares que incluem
proliferagcéo, diferenciacdo e morte celular, poronte ligacdes aos seus receptores na
superficie celular (Romagnani, 2006). Classificada®m grupos (por exemplo,
interleucinas, interferons, e quimiocinas), comebaas homologias estruturais de seus
receptores, no passado acreditava-se, sobretudd,etam antivirais ou agentes
antineoplasicas (Oppenheim, 2001). Podem ser igati@is tanto por células do sistema
imune como pelo endotélio vascular, adipdcitos,réwos, entre outras. Algumas
citocinas podem ser classificadas como pro-inflanes, derivadas principalmente de
células da resposta imune inata: fator de necruaseral alfa (TNFea), interleucinas
(IL)-1, IL-6 e IL-12, ou de células de padrdo Tlterferon-gama (IFNj, ou como
citocinas anti-inflamatorias, sintetizadas printipente por células do perfil Th2, por T
regulatérias (Tregs): fator de transformacéo ecomento beta (TGHB), IL-4, IL-10, e
IL-5 (Elenkov, 2004; Romagnani, 2006; Wan & Flay2D06).

Com relagdo as citocinas pro-inflamatorias, a fLélsecretada principalmente
por macrofagos, células endoteliais e fibroblastgsias funcées sdo semelhantes as do
TNF-a, recrutando neutréfilos e induzindo a expressaonu#écula de adesado

endotelial, sendo este, um mecanismo essencial pasalesdo de leucdcitos na



superficie endotelial e posterior migracdo paraecoglos. A IL-PB tem capacidade de
induzir a sintese de outras citocinas, e apredantzio co-estimuladora de células T
(Reyeset al, 2003). Uma de suas principais funcdes na respoamatoria é induzir a
sintese de proteinas plasméticas de fase agudab@atal, 2004).

No que diz respeito a IL-6, atua tanto na imunidiadéa quanto na adaptativa,
sendo sintetizada por varias células (linfocitosacrafagos, células endoteliais e
fibroblastos, musculo-esqueléticas, dentre outeasjtivada pela via de sinalizagédo
JAK/STAT, em resposta a microrganismos e outragicias (IL-1 e TNF). E associada
ao controle e coordenacdo de respostas do sistamn@ologico, além de atuar nos
sistemas hematopoiético, nervoso e enddcrino dcipart do metabolismo &ésseo
(Petersen & Pedersen, 2005). Na imunidade inatemwda a sintese de proteinas da
fase aguda pelo figado, atuando na resposta deafpska. Entretanto, na imunidade
adaptativa, IL-6 estimula o crescimento de cél@lague se diferenciam em produtoras
de anticorpos, e estimula a proliferacédo e atival@células T (Forsest al, 2003).
IL-6 apresenta um pico de meia vida curto (6 a)l2lsua elevacao reflete e depende
da ativacdo da resposta inflamatoéria. Individuos @uadros de sepse apresentam
elevados niveis circulantes de IL-6 (Loestaal, 2003). Por sua vez, a producdo muito
elevada e constante de IL-1 e IL-6 pode levar segr@omprometimentos, acarretando
colapso vascular, choque e morte (Oberhatait, 2000).

Todavia, sugere-se que uma das principais funcgdéls-@ seja a auto-limitacéo
da resposta inflamatoria. A IL-6 tem ac¢do inibidora expressdo das citocinas pro-
inflamatorias TNFa e IL-1, a0 aumentar a sintese do receptor antagonista-ta
(IL-1Ra). Assim, a IL-6 concomitantemente regula@idades pro- e anti-inflamatorias,
contribuindo tanto para o desenvolvimento quantoa pa resolucdo da resposta
inflamatoria (Petersen & Pedersen, 2005).

A diferenciacdo de células para Thl é regulada $ipais ativadores e
transdutores de transcricdo (STATS), como STATI4bet, e para a diferenciacdo das
células Th2 sdo necessérios os fatores STAT-6 eAGA[Szabceet al, 2003).

Dentre as citocinas do perfil Thl, destacamos o\FNitocina de “assinatura”
do subgrupo Thl. Uma caracteristica importanteadegibcina é ser um potente
ativador de fagocitos, sendo capaz de induzibueost respiratorio, auxiliando na
fagocitose e destruicdo de antigenos, e inibinplmiéferacédo de células Th2.

Ja a IL-2, é responsavel pela expanséao clonal @pésonhecimento antigénico,
€ um potente fator de crescimento de células T.aBuacgdo resulta em expressao dos



genes de vias de transducdo de sinais, incluindd/STPAT, principalmente JAK1,
JAK3 e STATS5 (O'sheat al, 2002). IL-2 tem sido utilizada clinicamente pegéorcar

a atividade de células T em pacientes com AIDS ancer, representando um
importante ponto de controle para manipular o @uyinl entre a regulacéo e a funcao de
células T efetoras vivo. A sua utilizagdo vem crescendo constantementelosema
molécula chave no controle das respostas das s€lulam pacientes com doencas
malignas e infecciosas (Nelson, 2004). A preserlcH €l inibe o desenvolvimento de
células Thl.

Com relacdo as citocinas do padrdao Th2, a IL-1Cemdpsnha um papel
fundamental no controle de respostas imunes e mauteregdo da tolerancia vivo
(Mooreet al, 2001). A sinalizacao da IL-10 compreende prinogate as vias STAT1
e STAT3 (Cavaillon, 2001). IL-10 é considerada gpalmente uma citocina
imunossupressora, embora diversos trabalhos dereongjue a IL-10 aumenta a
funcdo das células natural killer, conduzindo faeiite a destruicdo do patdgeno
(Belardelli & Ferrantini, 2002; Blancet al, 2001; Mocellinet al, 2003). Quanto a sua
funcdo imunoregulatoéria, exerce acao anti-inflamatém determinadas circunstancias,
inibindo a produgéo de IN¥-e IL-12 e, consequentemente, inibindo a resposta d
padrdo Thl (Mooret al, 2001). Dentre outros eventos, a IL-10 esta efidalcom a
inducéo de producéo de IL-4 e mudanca de classntioorpo para 1gG4, mostrando
sua ligagéo e funcdo com a modulacdo de doengagcakem humanos. Além disso, a
IL-10 limita a producdo de outras citocinas, comar gxemplo, citocinas pro-
inflamatorias (IL-6, 1L-18, 1I-1, TNF) (Mocelliret al, 2003).

No que diz respeito a IL-4, além de estimular adpcdo de anticorpos IgE,
atua também como fator de desenvolvimento paralatas Th2 a partir de células T
CD4+ naive E sinalizada pela via JAK/STAT (JAK3 e 4/STAT6Estudos
demonstraram que animais com deficiéncia em IL-gspam menor quantidade de
IgE, indicando sua importancia na defesa contrecgiies por helmintos, sendo essa a
principal funcdo das células Th2 (Kay, 2001). Ilagresenta efeito antagonista aos
efeitos ativadores do IFM-principalmente sobre os macrofagos, inibindo reacd
mediadas por estas células (Tyal, 2009). Em animais estressados por imobilizagéo,
o tratamento com prépolis a curto prazo (3 dia®reeu acdo restauradora sobre a
producao de IL-4, a qual encontrava-se inibida amisais estressados (Pagliarate

al, submetido).



Considerando o fato de que a propolis apresentaiagihomoduladora quando
administrada a curto prazo, o objetivo desta dizs@o foi avaliar seu possivel efeito
sobre a expressdo de TLR-4 e TLR-2, bem como solmeducéo de citocinas pro-
inflamatorias e de perfil Thl e Th2 em camundorigakB/c. Tal interesse deve-se ao
fato de que ndo ha dados na literatura pertinertee 0 efeito da propolis na expressao
génica de TLRs, e poucos autores investigaram &im sobre a producéo de citocinas
em camundongos. Desta forma, nosso trabalho paopiroi maior entendimento sobre
estes aspectos.

Com relagdo ao TNE; ndo foi possivel a detecgdo desta citocina. Novos
experimentos foram realizados com o intuito de iavaua producdo em diferentes
protocolos, utilizando o sobrenadante de cultueamdcréfagos peritoneais e de células
esplénicas, estimuladas ou ndo com LPS ou Con Alifarentes concentragdes e em
diferentes periodos de incubagcdo, mas ainda assdatexcdo de TNB- ndo foi
possivel. Acreditamos que houve algum problema cammaterial para a dosagem da
mesma.

Além dos objetivos propostos inicialmente, consegs avaliar também a
expressdo de TLR-2 e TLR-4 por esplendcitos totasnalisamos a expressao génica
de citocinas de padrdo Thl (IL-2) e Th2 (IL-4 ell} por esplendcitos totais, 0 que
nao fazia parte dos objetivos iniciais deste poojet

Este projeto foi desenvolvido com o apoio da FAPESmdacédo de Amparo a
Pesquisa do Estado de Sao Paulo), através da delséestrado (06/58830-5) e do
auxilio a pesquisa (07/02692-6) concedidos, seluass seria impossivel a realizagdo
do mesmo, ndo sO pelo apoio financeiro, mas tampélas criticas e sugestbes
apontadas pelos assessores.

Os resultados obtidos encontram-se apresentatdsis capitulos:

v' Capitulo 1:“Propolis immunomodulatory action in vivo on Toll-like
receptors 2 and 4 expression and on pro-inflammatgr cytokines
production in mice”, a ser submetido a revist&E UROPEAN
JOURNAL OF PHARMACEUTICAL SCIENCES .

v' Capitulo 2: “Th1/Th2 cytokines’ expression and production by
propolis-treated mice”, a ser submetido a revistaFOOD
CHEMISTRY .
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ABSTRACT

Propolis is a bee product and its immunomodulatory action has been the
subject of intense investigation lately. The recent discovery and characterization
of the family of Toll-like receptors (TLR) have triggered a great interest in the
field of innate immunity due to their crucial role in microbial recognition and
development of the adaptive immune response. This work aimed to evaluate
propolis effect on TLR2 and TLR4 expression and on the production of pro-
inflammatory cytokines (IL-1p and IL-6). Male BALB/c mice were treated with
propolis (200 mg/kg) for three consecutive days, and TLR2 and TLR4
expression as well as IL-13 and IL-6 production were assessed in peritoneal
macrophages and spleen cells. Basal IL-13 production and TLR2 and TLR4
expression were increased in peritoneal macrophages of propolis-treated mice.
TLR2 and TLR4 expression and IL-13 and IL-6 production were also
upregulated in the spleen cells of propolis-treated mice. One may conclude that

propolis activated the initial steps of the immune response by upregulating



TLRs expression and the production of pro-inflammatory cytokines in mice,

modulating the mechanisms of the innate immunity.

Keywords:

Propolis

Toll-like receptors
Pro-inflammatory cytokines

Immunomodulation

1. Introduction

Recently, there has been a dramatic increase in the use of dietary
supplements including natural and herbal products; however, information about
the safety and efficacy of most natural products is vastly inadequate. In light of
folk beliefs and the increased use of herbals, a rigorous investigation is needed
to understand the mechanisms of action and efficacy of such products (Berman
and Straus, 2004). Complementary and alternative medicines (CAMs) are used
by more than 80% of the world's population, with more than 70% of the
population using CAM at least once and annual spending in the U.S. reaching
as much as $34 billion (Mainardi et al., 2009). Clinically and experimentally,
there have been hundreds of trials looking at the effect of CAM on the immune
system (Clarke and Mullin, 2008; Mainardi et al., 2009; Sforcin, 2007).

There is a long history of propolis use by man, and today its use still
continues in home remedies and personal products (Castaldo and Capasso,
2002; Sforcin, 2007). Propolis or bee glue is a resinous material collected by
bees from several plant sources and used for construction and adaptation of

their nests (Bankova, 2005b). Propolis chemical composition is very complex



and presents a great variability (Bankova, 2005a). Plants visited by bees in our
apiary (UNESP, Campus of Botucatu) were identified and the main vegetal
source of our propolis samples is Baccharis dracunculifolia DC., followed by
Eucalyptus citriodora Hook and Araucaria angustifolia (Bert.) O. Kuntze
(Bankova et al., 1999). Propolis possesses several biological properties, such
as antibacterial, antifungal, antiprotozoan, antiviral, antitumoral, anti-
inflammatory, immunomodulatory, among others (Banskota et al., 2001; Bazo et
al., 2002; Freitas et al., 2006; Girgin et al., 2009; Hu et al., 2005; Murad et al.,
2002; Orsi et al., 2005; Sforcin, 2007).

With regards to its immunomodulatory action, studies of our laboratory
have shown that propolis increased hydrogen peroxide (H.O,) generation and
inhibited nitric oxide (NO) production by peritoneal macrophages in vitro (Orsi et
al.,, 2000). Propolis also potentiated H,O, generation by peritoneal
macrophages in stressed mice (Missima and Sforcin, 2008). It has been
reported that propolis stimulated the production of pro-inflammatory cytokines
(TNF-a and IL-1B) in vitro (Moriyasu et al., 1994); nevertheless, there is no
information concerning propolis action on immune cell receptors.

Toll-like receptors (TLRs) are widely expressed by various cells of the
immune system (Barton and Medzhitov, 2003; Kawai and Akira, 2006). TLRs
recognize conserved pathogen-associated molecular patterns shared by
different microorganisms, such as bacterial lipopolysaccharide, bacterial or
mycobacterial lipopeptides, viral RNA and DNA, among others, playing an
essential role in the innate immune response and in the initiation of adaptive
immune response (Hopkins and Sriskandan, 2005; Medzhitov, 2001). TLR2

recognizes, for example, components from Gram-positive bacteria and



zymozan, while TLR4 recognizes Gram-negative bacteria lipopolysaccharide
(LPS). Signaling by the TLRs is initiated through the TLR transduction domains
known as Toll/IL-1 receptor (TIRs domains), which interact with cytoplasmic
adaptor proteins including MyD88, TIRAP/Mal, IRAK 1/2/3/4, TRAF-6, Trif and
TRAM, resulting in the activation of the transcription factors NF-kB and AP-1,
with subsequent production of pro-inflammatory cytokines, chemokines,
antimicrobial peptides and additional defense molecules (Barton and Medzhitov,
2003; Horng et al., 2001; Palm and Medzhitov, 2009). TLRs stimulation leads to
upregulation of inflammatory mediators such as the pro-inflammatory cytokines
TNF-a, IL-1B and IL-6 (Schnare et al., 2001; Shishido et al., 2006), increasing
the processing and presentation of antigens to lymphocytes, and acting as a
bridge between innate and adaptive immune responses (Pasare and Medzhitov,
2005).

Since there are no data regarding propolis effects on TLRs, this work
evaluated TLR 2 and 4 expression by macrophages and spleen cells, as well as
the production of pro-inflammatory cytokines (IL-13 and IL-6) by these cells
after propolis administration to mice over a short-term (3 days), in order to

understand its effects on the initial events of the immune response.

2. Materials and methods

2.1 Propolis extract

Propolis, collected in the Beekeeping Section, UNESP, was ground and

30% ethanolic extracts of propolis were prepared (30 g of propolis, completing



the volume to 100 ml with 70% ethanol), in the absence of bright light, at room
temperature, with moderate shaking. After a week, extracts were filtered and
the dry weight of the extracts was calculated (120 mg/ml) (Sforcin et al., 2005).
Propolis chemical composition was investigated using thin-layer
chromatography (TLC), gas chromatography (GC), and gas chromatography-
mass spectrometry (GC-MS) analysis. Specific dilutions were carried out to
determine the concentration of propolis solution to be given to the animals (200

mg/Kg).

2.2 Animals and experimental groups

BALB/c male mice aged between 8 and 12 weeks were kept at 21-25 °C,
with a 12 h /12 h light/dark cycle in the Department of Microbiology and
Immunology, UNESP. Food and water were provided ad libitum.

Mice were divided into 2 groups (G1 and G2) of 10 animals each. G1
was considered as control, and received physiologic solution (NaCl 0.9%, 0.1
ml). G2 received propolis solution (200 mg/kg, 0.1 ml) for 3 consecutive days by
gavage. Ethanol effects were also investigated, in order to observe a possible
effect of propolis solvent. Immediately after the last treatment, animals were
sacrificed using a CO, inhalation chamber. This work agreed with Ethical
Principles in Animal Research adopted by Brazilian College of Animal

Experimentation (COBEA) and was approved in May 5, 2007.



2.3 Peritoneal macrophages and spleen cells cultures

After sacrifice, peritoneal macrophages were obtained by inoculation of
cold PBS into the abdominal cavity. After a soft abdominal massage, the
peritoneal liquid was collected, transferred to sterile plastic tubes (Falcon) and
centrifuged at 200 x g for 10 min. Cells were stained with neutral red (0.02%),
incubated for 10 min at 37°C and counted in a hematocytometer. Cells were
resuspended in cell culture medium (RPMI 1640 supplemented with 5% foetal
calf serum, 2 mM L-glutamine, 20 mM HEPES, 2.5 x 10 M 2-mercaptoethanol
— Sigma, USA), and cultured in a 96-welled flat-bottomed plate (Corning, USA)
at a final concentration of 2 x 10° cells per well. Cells were incubated at 37 °C
and, after 2 h, non-adherent cells were removed and macrophages were
reincubated at 37 °C for 24 h and 5% CO, with or without LPS (5 pg/ml)
(Missima and Sforcin, 2008).

After obtaining the peritoneal macrophages, spleens were aseptically
removed and cells were suspended at a concentration of 5 x 10%ml in RPMI
1640 as described above and cultured in flat-bottomed 24-well plates. Cells
were cultured in triplicates (1 mL/well) and stimulated or not with LPS (5 pug/ml)

for 24h at 37 °C and 5% CO..

2.4 Cytokine determinations

Supernatants of peritoneal macrophages and spleen cell cultures were

collected and assayed for IL-1B and IL-6 by enzyme-linked immunosorbent

assay (ELISA), according to manufacturer’'s instructions (BD Biosciences,



USA). Briefly, a 96-well flat bottom Maxisorp microtiter plates (Nunc, USA) was
coated with capture antibody specific for each cytokine. The plate was washed
and blocked before 100 pl of the supernatants and serially diluted specific
standards were added to the respective wells. Following a series of washing,
the captured cytokine was detected using the specific conjugated detection
antibody. The substrate reagent was added into each well and, after color
development, the plate was read at 450 nm, using an ELISA plate reader (Tan

et al., 2006).

2.5 RNA isolation and cDNA synthesis

Peritoneal macrophages were removed from the microplate by adding
cold PBS to the wells. Afterwards, this material was kept in 250 pl of RNA Safer
(Omega Bio-tek, Inc. USA). Spleens were removed and thirty mg were also kept
in 250 pl of RNA Safer at —80 T until RNA isolation proced ures. Total RNA was
extracted with RNAspin Mini RNA Isolation Kit (GE - Healthcare, USA)
following the manufacturer’'s instructions. After purification, RNA was treated
with RQ1 Rnase-free Dnase (Promega, USA) for 30 min at 37 °C to avoid false-
positive results due to amplification of contaminating genomic DNA.
Concentrations of total RNA were determined from the absorbance value of the
samples at 230 nm. cDNA was synthesized from 1 pg of total RNA and was
reverse-transcribed with 2 ul of random primer (250 ng/ul) in a final volume of
10 pl and the mixture was incubated for 5 min at 70 °C. For each sample, the
master mix was prepared with 8 pl of reaction buffer (Improm Il 5x), 4.8 ul of

MgCl, (25 mM), 2 pl of RNase Out (Invitrogen), 1ul of ANTP mix (20 mM), 1ul



Improm TR II (Promega, USA) and 13.2 pl of nuclease-free water. To each
sample, 16 pl of master mix were added and the mixture was incubated for 5
min at 25 °C, 60 min at 42 °C and 15 min at 70 °C. Each cDNA sample was

stored at —20 °C.

2.6 Quantitative Real Time PCR

Primers were designed based on sequences retrieved from GeneBank
using the IDTSciTools (http://www.idtdna.com) software and synthesized by
Applied Biosystems (USA). The sequences of specific primers were: 5’- CTT
CCT GGT TCC CTG CTC GTT CTC - 3’ (F) and 5’- CAA GAA CAA AGA AAA
TGA GTC AAG - 3 (R) for murine TLR-2 (Gene Bank accession number:
NM011905.2), and 5’ - TGA CAG GAA ACCCTATCCAGAGTT -3 (F)and 5'-
TCT CCA CAG CCA CCA GAT TCT -3 (R) for murine TLR-4 (Gene Bank
accession number: NM021297.2). Primers for [3-actin described in the literature
(Yang and Glaser, 2002) were used: 5 — AAG TGT GAC GTT GAC ATC CGT
AA -3 (F) and 5 — TGC CTG GGT ACA TGG TGG TA - 3’ (R). The PCR
mixture consisted of 4 ul of cDNA, 0.4 ul of each primer (200 nM), 10 pl of 2X
Power Sybr® Green PCR Master Mix (Applied Biosystems, USA) and 5.2 pl of
sterile nuclease-free water for a final volume of 20 pl. The reaction conditions
were as follows: 95°C/10 min for initial denaturation, amplification for 40 cycles
(95 °C for 15 s for denaturation, 60 °C for 1 min for annealing and extension),
and to confirm the PCR product and cycle of melting curve analysis at 95 °C for
15 s, 60 °C for 30 s and 95 °C for 15 s. Fluorescence data were collected during

each annealing/extension step and threshold cycle numbers (Cy) were



determined using ABI PRISM ® 7300 Sequence Detector (Applied Biosystems,
USA) and Software SDS version 1.2.3 (“Sequence Detection Systems” 1.2.3 —
7300 Real Time PCR System — Applied Biosystems, USA). Reaction mixtures
with no cDNA were used as negative controls and all PCR assays were
performed in duplicate.

The standard-curve was generated by performing serial dilutions of
cDNA. To the smallest dilution of cDNA standard it was given the relative value
100 and, the other 3 points were designated as 50, 25, and 12.5. Gene-specific
expression values were normalized to expression values of [-actin

(endogenous control) within each sample.

2.7 Statistics

Data were analyzed using Prism Graph Pad statistical software (Graph-

Pad Software, Inc., USA). Significant differences between treatments were

determined by ANOVA, followed by t test. Statically significance was accepted

when P < 0, 05.

3. Results

3.1 TLR-2 and 4 expression by macrophages cells

An increased TLR2 expression was observed in macrophages of

propolis-treated mice (P < 0.0002) compared to the control group (Fig. 1A).



Likewise, an increased TLR4 expression was seen in these cells after propolis

administration to mice (P < 0.0001) (Fig. 1B).

3.2 TLR-2 and 4 expression by spleen cells

Propolis administration to mice increased non-significantly TLR2
expression by spleen cells (P > 0.05) (Fig. 2A). On the other hand, TLR4
expression was significantly increased in propolis-treated mice (P < 0.0048)
compared to the control group (Fig. 2B).

Ethanol (propolis solvent) did not affect propolis action on TLRs

expression.

3.3 Pro-inflammatory cytokines production by peritoneal macrophages

With regards to peritoneal macrophages, propolis increased IL-13 basal
production in comparison to the control group (P < 0.01) (Fig. 3A). In LPS-
stimulated cultures, no differences were seen between the groups (Fig. 3B). No
differences were seen between groups concerning basal or LPS-stimulated IL-6

production (Fig. 4A and Fig. 4B).

3.4 Pro-inflammatory cytokines production by spleen cells

As to pro-inflammatory cytokine production by spleen cells, basal
production of both IL-13 and IL-6 was not detected in the experimental groups.
In LPS-stimulated cultures, an increased IL-13 (P < 0.05) and IL-6 (P < 0.01)

production was seen in propolis-treated mice (Figs. 5 and 6, respectively).



4. Discussion

Ethanol (propolis solvent) did not influence propolis activity in any
immunological assay.

The immunomodulatory action of medicinal plants, natural products and
their chemical components raised a great interest in several areas, mainly in
human and veterinary medicine. The therapeutic success achieved with current
medical treatment is at least in part due to popular knowledge and the use of
plants and natural products.

Regarding propolis composition, the main constituents of our sample,
investigated by TLC, GC and GC-MS analysis, were: flavonoids (kaempferid,
5,6,7-trihydroxy-3,4" dimethoxyflavone, aromadendrine-4’-methyl ether); a
prenylated p-coumaric acid and two benzopyranes: E and Z 2,2-dimethyl-6-
carboxyethenyl-8-prenyl-2H-benzopyranes); essential oils  (spathulenol,
(2Z,6E)-farnesol, benzyl benzoate and prenylated acetophenones); aromatic
acids (dihydrocinnamic acid, p-coumaric acid, ferulic acid, caffeic acid, 3,5-
diprenyl-p-coumaric acid, 2,2-dimethyl-6-carboxy-ethenyl-8-prenyl-2H-1-benzo-
pyran); di- and triterpenes, among others (Bankova et al., 1998).

Investigation of natural products effect on cytokines and their mechanism
of action provided a potential therapeutic modality for the treatment of different
conditions (Spelman et al.,, 2006). Several studies have shown the
immunomodulatory effects of medicinal plants and their components on
cytokine production and other factors (Amirghofran et al., 2000; Ganju et al.,
2003; Mainardi et al., 2009; Spelman et al., 2006); however, propolis effects on

TLRs expression has not been investigated yet.



Propolis administration to mice increased the expression of TLR4 in
peritoneal macrophages and spleen cells. Our results are in agreement with
other authors who verified a higher TLR-4 expression in macrophages of mice
treated with another natural product — ginseng (Pannacci et al., 2006). Our data
also showed an increased TLR-2 expression, indicating a differential regulation
of the several members of the TLRs family. Ginseng was found to stimulate
TNF-a and IL-13 production by peritoneal macrophages, what was correlated to
TLR4 expression in macrophages (Pannacci et al., 2006). On the other hand,
notoginseng inhibited both TNF-a and IL-1(3 production and TLRs activation in
dendritic cells. This natural product differentially affected the expression of
coestimulatory molecules in dendritic cells, after activation of different TLRs by
their ligands (Rhule et al., 2008).

TLR4 signaling may occur through MyD88-dependent and MyD88-
independent pathways, which mediate the activation of pro-inflammatory
cytokine and Type | interferon genes (Lu et al., 2008), whereas TLR-2 use
MyD88 and TIRAP as essential adaptors for its activation. Thus, individual
TLRs interact with different combinations of adaptor proteins and activate
various transcription factors such as nuclear factor NF-kB, AP-1 and interferon
regulatory factors, driving a specific immune response (Kawai and Akira, 2005;
2006). Propolis seemed to have enabled both MyD88 and TIRAP/MAL
pathways and possibly activated NF-kB, since TLR2 and TLR4 expression was
increased in peritoneal macrophages and spleen cells, with consequent
increased production of pro-inflammatory cytokines, demonstrating for the first
time a possible mechanism of action of this bee product in the initial steps of the

immune response.



Our data revealed that TLRs expression after propolis administration to
mice was followed by an increased IL-13 and IL-6 production. These findings
are in agreement with other authors, who verified an increased pro-
inflammatory cytokines production by murine macrophages stimulated with
propolis in vitro (Dimov et al., 1991; Moriyasu et al., 1994). After administration
of capsules of propolis for 2 weeks to humans, the plasma concentration of
TNF-B, IL-1B3, IL-6 and IL-8 had not changed, although the capacity for cytokine
production by peripheral blood cells stimulated with LPS had increased
significantly (Bratter et al., 1999). It has been suggested that the increased IL-
1B production by macrophages from propolis-treated mice might be associated
with enhanced T and B lymphocyte proliferation (Orsolic and Basic, 2003).

In our experimental model, propolis was administered to mice for 3 days,
since it has been reported that propolis administration over a short-term leads to
better results concerning the immune system, increasing the immunological
response (Scheller et al., 1988; Sforcin, 2007). Propolis treatment for 3 days
increased the cytotoxic activity of natural killer cells against murine lymphoma
(Sforcin et al.,, 2002). On the other hand, works of our group verified that
propolis administration for 14 days inhibited both IL-13 and IL-6 production by
C57BL/6 mice (Missima et al., 2009).

Host cells possess multiple defensive mechanisms against infections,
and TLRs play essential roles in innate immune responses by recognizing
various pathogens-derived compounds. Propolis enhances the immune activity
in various ways (Sforcin, 2007), and its use in vaccines as an adjuvant has
been pointed out (Fischer et al., 2007). The knowledge of propolis’

mechanisms of action in the immune system has advanced in the last several



years and our data provides an additional contribution in the comprehension of
murine cells activation by this bee product, culminating in TLRs expression and

pro-inflammatory cytokines production.
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Fig. 1. Relative quantification by real-time PCR to of TLR-2 (A) and TLR-4 (B) in

peritoneal macrophages. All results, normalized to -actin, were expressed as
arbitrary units relative to the value of 1.0. G1: Control and G2: treated with
propolis. * Significantly different from G1 (A) (p<0.0002) and (B) (p<0.0001).



c  20-
o
‘@
W
E 1.5
E
L
2 101
®
T
X (54
o
o
F 0.0
" + B
€ 3
‘@
w
L]
o
= 2=
i1}
]
=
=
o 14
15
=
1
14
o0
& g
Fig. 2

Fig. 2. Relative quantification by real-time PCR to estimate the expression of
TLR-2 (A) and TLR-4 (B) in spleen cells. All results, normalized to (3-actin, were
expressed as arbitrary units relative to the value of 1.0. G1: Control and G2:

treated with propolis. * Significantly different from G1 (p<0.0048).
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Fig. 3. IL-1B basal production (pg/mL) by peritoneal macrophages (A) or
stimulated with LPS (5 pg/mL) for 24 h (B). G1: Control and G2: treated with
propolis. Data represent means and standard-deviation of 10 animals.
* Significantly different from G1 (p<0.01).
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Fig. 4. IL-6 basal production (pg/mL) by peritoneal macrophages (A) or
stimulated with LPS (5 pg/mL) for 24 h (B). G1: Control and G2: treated with

propolis. Data represent means and standard-deviation of 10 animals.
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Fig. 5. IL-1p production (pg/mL) by spleen cells stimulated with LPS (5 pg/mL)
for 24 h. G1: Control and G2: treated with propolis. Data represent means and

standard-deviation of 10 animals. * Significantly different from G1 (p<0.05).
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Fig. 6. IL-6 production (pg/mL) by spleen cells stimulated with LPS (5 pg/mL)
for 24 h. G1: Control and G2: treated with propolis. Data represent means and

standard-deviation of 10 animals. * Significantly different from G1 (p<0.01).
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Abstract

Propolis is a natural product extensively used in food and beverages to improve
health and prevent diseases, showing several biological properties, such as
immunomodulatory. The goal of this work was to evaluate the effect of propolis
administration over a short-term to mice on Thl (IL-2 and IFN-y) and Th2 (IL-4
and IL-10) cytokines’ expression and production. Mice were treated with
propolis by gavage for 3 days, spleens were removed and RNA was extracted
to assess cytokine expression by real time-PCR. Supernatants of spleen cell
cultures were used for cytokines determination by ELISA. Propolis did not affect
IL-2, IL-4 and IL-10 expression and production, but both basal and Con A-
stimulated IFN-y production were inhibited after its administration. Since IFN-y is
a pro-inflammatory cytokine, our data suggest that propolis administration over

a short-term to mice may be associated with an anti-inflammatory effect in vivo.
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1. Introduction

Propolis has gained popularity in alternative medicine, and it is used in
food and beverages to improve health and prevent diseases. Propolis is a
chemically complex bee product, containing material collected from buds or
exudates of plants, volatile substances and wax (Bankova, 2005). In natura it is
composed of 30% wax, 50% resins and vegetable balsams, 10% essential and
aromatic oils, 5% pollen, and other substances (Burdock, 1998). Its color varies
from green, red to dark brown. Propolis has a characteristic smell and shows
adhesive properties because it strongly interacts with oils and proteins of the
skin.

Plants visited by bees in our apiary were identified and the main vegetal
source of our propolis samples is Baccharis dracunculifolia DC., followed by
Eucalyptus citriodora Hook and Araucaria angustifolia (Bert.)) O. Kuntze
(Bankova et al., 1999). Propolis possesses several biological properties, such
as antibacterial, antifungal, antitumoral, anti-inflammatory, immunomodulatory,

among others (Freitas, Shinohara, Sforcin & Guimaraes, 2006; Girgin et al.,



2009; Hu, Hepburn, Li, Chen, Radloff & Daya, 2005; Murad, Calvi, Soares,
Bankova & Sforcin, 2002; Orsi, Sforcin, Funari & Bankova, 2005; Sforcin, 2007)

Cytokines are glycoproteins involved in innate and adaptive responses,
as well as in cell growth and differentiation, angiogenesis, and repair processes
regarding homeostasis (Oppenheim, 2001). Effectors T cells are divided into T-
helper type 1 and type 2 (Thl and Th2 cells), according to their cytokines
pattern: Thl cells secret predominantly interferon-gamma (IFN-y) and
interleukin (IL)-2, whereas Th2 cells secret IL-4, IL-5, IL-6, IL-9, IL-10 and IL-13
(Romagnani, 2006; Wan & Flavell, 2006). Thl cells differentiation is regulated
by the transcription factors STAT-4 and T-bet, which are different and
antagonistic to those controlling the Th2 cells development: STAT-6 and GATA-
3 (Szabo, Sullivan, Peng & Glimcher, 2003).

Thl cells are crucial for cell-mediated immunity, whereas Th2 cells are
involved in humoral responses. IFN-y is a potent activator of mononuclear
phagocytes, inducing the respiratory burst and enhancing microbe
phagocytosis. IFN-y promotes the differentiation of naive CD4+ T cells to the
Thl subset and inhibits the proliferation of Th2 cells (Romagnani, 2006;
Schinkel, 2003). IL-2 is responsible for the clonal expansion of T cells after
antigen recognition, and the presence of IL-4 inhibits the development of Thl
cells (Skapenko, Niedobitek, Kalden, Lipsky & Schulze-Koops, 2004). IL-4-
dominated immune responses may reflect the protective influence of Th2 cells
during infection by gastrointestinal parasites (Choi & Reiser, 1998). IL-10 is an
anti-inflammatory cytokine with downregulatory effects on macrophages. In a

parasitic disorder, a paradigm was established linking a subpopulation of CD4+



T cells producing mainly IFN-y to resistance, and CD4+ T cells producing mainly
IL-4 and IL-10 to susceptibility (Scumpia & Moldawer, 2005).

The effect of natural products on cytokines and their mechanism of action
provided a potential therapeutic modality for the treatment of different conditions
(Spelman, Burns, Nichols, Winters, Ottersberg & Tenborg, 2006). Research on
various herbs and natural products possessing immunomodulatory properties
may be useful in reducing the risk of various diseases and cancers (Huang, Lin,
Liao, Young & Yang, 2008). However, propolis’ mechanisms of action are not
fully elucidated and remain to be investigated.

Previous works of our laboratory showed that propolis administration
over a short-term to animals led to better results concerning the immune system
(Sforcin, 2007). Thus, this work aimed to investigate the expression and
production of Thl (IL-2 and IFN-y) and Th2 (IL-4 and IL-10) cytokines after

propolis administration to mice for three days.

2. Material and methods

2.1. Propolis extract

Propolis, collected in the Beekeeping Section, UNESP, was ground and
30% ethanolic extracts of propolis were prepared (30 g of propolis, completing
the volume to 100 ml with 70% ethanol), in the absence of bright light, at room
temperature, with moderate shaking. After a week, extracts were filtered and
the dry weight of the extracts was calculated (120 mg/ml) (Sforcin, Orsi &

Bankova, 2005). Propolis chemical composition was investigated using thin-



layer chromatography (TLC), gas chromatography (GC), and gas

chromatography-mass spectrometry (GC-MS) analysis.

2.2. Animals and experimental groups

Male BALB/c mice aged between 8 and 12 weeks were kept in the
Department of Microbiology and Immunology, UNESP, at 21-25 °C, with a 12 h
/12 h light/dark cycle. Food and water were provided ad libitum.

Mice were divided into 2 groups (G1 and G2) of 10 animals each. G1
was considered as control, and received physiologic solution (NaCl 0.9%, 0.1
ml). G2 received ethanolic extract of propolis (200 mg/kg, 0.1 ml) for 3
consecutive days by gavage. Ethanol effects were also investigated, in order to
observe a possible effect of propolis solvent. Immediately after the last
treatment, animals were sacrificed using a CO, inhalation chamber. This work
agreed with Ethical Principles in Animal Research adopted by Brazilian College

of Animal Experimentation (COBEA) and was approved in May 5, 2007.

2.3. Th1/Th2 cytokines expression by real time-PCR

2.3.1. RNA isolation and cDNA synthesis

Spleens were removed and thirty mg were kept in 250 pl of RNA Safer
(Omega Bio-tek, Inc. USA) at —80 T until RNA isolation procedures. Total RNA
was extracted with RNAspin Mini RNA Isolation Kit (GE — Healthcare, USA)
following the manufacturer’'s instructions. After purification, RNA was treated

with RQ1 Rnase-free Dnase (Promega, USA) for 30 min at 37 °C to avoid false-



positive results due to amplification of contaminating genomic DNA.
Concentrations of total RNA were determined from the absorbance value of the
samples at 230 nm. cDNA was synthesized from 1 pg of total RNA and was
reverse-transcribed with 2 ul of random primer (250 ng/ul) in a final volume of
10 pl, and the mixture was incubated for 5 min at 70 °C. For each sample, the
master mix was prepared with 8 pl of reaction buffer (Improm Il 5x), 4.8 ul of
MgCl, (25 mM), 2 pl of RNase Out (Invitrogen), 1ul of ANTP mix (20 mM), 1ul
Improm TR Il (Promega, USA) and 13.2 pl of nuclease-free water. To each
sample, 16 pl of master mix were added and the mixture was incubated for 5

min at 25 °C, 60 min at 42 °C and 15 min at 70 °C. Each cDNA sample was

stored at -20 °C.

2.3.2 Quantitative Real Time PCR

Primers were designed based on sequences retrieved from GeneBank
using the IDTSciTools (http://www.idtdna.com) software and synthesized by
Applied Biosystems (USA). The sequences of specific primers are listed in
Table 1.

Primers for B-actin described in the literature (Yang & Glaser, 2002) were
used: 5 — AAG TGT GAC GTT GAC ATC CGT AA-3' (F) and 5 — TGC CTG
GGT ACA TGG TGG TA - 3’ (R). The PCR mixture consisted of 4 pl of cDNA,
0.4 pl of each primer (200 nM), 10 pl of 2X Power Sybr® Green PCR Master Mix
(Applied Biosystems, USA) and 5.2 pl of sterile nuclease-free water for a final
volume of 20 pl. The reaction conditions were as follows: 95 °C/10 min for initial
denaturation, amplification for 40 cycles (95 °C for 15 s for denaturation, 60 °C

for 1 min for annealing and extension), and to confirm the PCR product and



cycle of melting curve analysis at 95 °C for 15 s, 60 °C for 30 s and 95 °C for 15
s. Fluorescence data were collected during each annealing/extension step and
threshold cycle numbers (Cr) were determined using ABI PRISM © 7300
Sequence Detector (Applied Biosystems, USA) and Software SDS version 1.2.3
(“Sequence Detection Systems” 1.2.3 — 7300 Real Time PCR System — Applied
Biosystems, USA). Reaction mixtures with no cDNA were used as negative
controls and all PCR assays were performed in duplicate.

The standard-curve was generated by performing serial dilutions of
cDNA. To the smallest dilution of cDNA standard it was given the relative value
100 and the other 3 points were designated as 50, 25, and 12.5. Gene specific
expression values were normalized to the expression values of [-actin

(endogenous control) within each sample.

2.4. Th1/Th2 cytokines determination

2.4.1.Splenocyte cultures

After sacrifice, spleens were aseptically removed and cells were
suspended at a concentration of 5 x 10°ml in RPMI 1640 (Cultilab, Brazil)
supplemented with 10% foetal calf serum, 1% L-glutamine, and cultured in flat-
bottomed 24-well plates. Cells were cultured in triplicates (1 ml/well) and
stimulated or not with concanavalin A (Con A - 10 pg/ml) for 48h at 37 °C and

5% COa..



2.4.2 Cytokine determination

Supernatants of spleen cell cultures were collected and assayed for Thl
(IL-2 and IFN-y) and Th2 (IL-4 and IL-10) cytokines by enzyme-linked
immunosorbent assay (ELISA), according to manufacturer’s instructions (BD
Biosciences, USA). Briefly, a 96-well flat bottom Maxisorp microtiter plate
(Nunc, USA) was coated with capture antibody specific for each cytokine. The
plate was washed and blocked before 100 ul of the supernatants and serially
diluted specific standards were added to the respective wells. Following a series
of washing, the captured cytokine was detected using the specific conjugated
detection antibody. The substrate reagent was added into each well and, after
color development, the plate was read at 450 nm, using an ELISA plate reader

(Tan, Selvaratnam, Kananathan & Sam, 2006).

2.5. Statistical Analysis

Data were analyzed using Prism Graph Pad statistical software (Graph-
Pad Software, Inc., USA). Significant differences between treatments were
determined by Analysis of variance (ANOVA), followed by t test. Statistic

significances were accepted when p < 0, 05.

3. Results

3.1. Propolis chemical composition
The main constituents of the sample collected in our apiary (UNESP,

Campus of Botucatu) and investigated by TLC, GC and GC-MS analysis were:



flavonoids (kaempferid, 5,6,7-trinydroxy-3,4" dimethoxyflavone, aromadendrine-
4’-methyl ether); a prenylated p-coumaric acid and two benzopyranes: E and Z
2,2-dimethyl-6-carboxyethenyl-8-prenyl-2H-benzopyranes); essential oils
(spathulenol, (2Z,6E)-farnesol, benzyl benzoate  and prenylated
acetophenones); aromatic acids (dihydrocinnamic acid, p-coumaric acid, ferulic
acid, caffeic acid, 3,5-diprenyl-p-coumaric acid, 2,2-dimethyl-6-carboxy-ethenyl-
8-prenyl-2H-1-benzo-pyran); di- and triterpenes, among others (Bankova,

Boudourova-Krasteva, Popov, Sforcin & Funari, 1998).

3.2. Thl cytokines’ expression and production

Propolis administration to mice did not affect IL-2 expression and
production by spleen cells (p > 0.05) (Fig. 1A; Table 1). Curiously, mRNA IFN-y
expression was not to detect in the experimental groups. IFN-y basal production
was significantly inhibited in propolis-treated mice (p < 0.01). In Con A-
stimulated cultures, a decreased IFN-y production was also seen in propolis-
treated mice (p < 0.01) (Table 1).

Ethanol (propolis solvent) did not affect propolis action on Thl cytokine

expression and production.

3.3. Th2 cytokines’ expression and production

No significant differences were seen in IL-4 and IL-10 expression after
propolis administration to mice (p > 0.05) (Fig. 1B and 1C). With regards to Th2
cytokines production, IL-4 basal production was not detected in the
experimental groups, and in Con A-stimulated cultures no significant differences

were seen between propolis-treated mice and control group (p > 0.05) (Table



1). As to IL-10 production, no differences were seen in basal or Con A-
stimulated production (Table 1).
Ethanol-treated mice also showed cytokines’ expression and production

similar to control.

4. Discussion

An efficient host defense against invading pathogenic microorganisms is
achieved through the coordination of complex signaling networks that link the
innate and adaptive responses. Upon interaction with antigen presenting cells
such as dendritic cells, CD4+ T cells can differentiate into a variety of effector
subsets: Thl and Th2 cells, the more recently defined Thl7 cells, and
regulatory T (Treg) cells. Each T helper cell subset expresses its lineage-
specific transcription factors and exclusive cytokines (Zhou, Chong & Littman,
2009). Thl activation contributes to cell-mediated immunity whereas Th2
activation favors the humoral immune response (Das, Chen, Yang, Cohn, Ray
& Ray, 2001). Th1/Th2 balance is a prerequisite for the functionality of immune
system against infections.

Propolis immunomodulatory action has been widely investigated lately,
both in vitro and in vivo (Sforcin, 2007). In the present study, IFN-y gene
expression was not detected, and one may speculate that it might have
occurred under the threshold detection or previously to spleen removal. IFN-y
production was inhibited in propolis-treated mice. Propolis administration to
mice for three days did not affect IL-2 expression and production. It has been
reported that propolis inhibited human IL-2 production by T cells (Ansorge,

Reinhold & Lendeckel, 2003). In a previous work of our group, propolis



administration for 3 days in the same concentration to stressed mice also
inhibited both basal and Con A-stimulated IFN-y production (Pagliarone,
Missima, Orsatti, Bachiega & Sforcin, submitted). Likewise, propolis
administration for 14 days to C57BL/6 mice inhibited IFN-y and IL-2 production
by spleen cells (Missima, Pagliarone, Orsatti, Aradjo & Sforcin, submitted). It
has been related that propolis decreases splenocyte proliferation both in the
absence or presence of Con A (Sa-Nunes, Faccioli & Sforcin, 2003). Caffeic
acid phenethyl ester is an active phenolic compound present in propolis,
inhibiting human T-cell activation by targeting both NFAT and NF-kB
transcription factors, and inhibiting both IL-2 gene transcription and synthesis in
stimulated T cells (Marquez, Sancho, Macho, Calzado, Fiebich & Munoz, 2004).

Taken together, these data point out to propolis anti-inflammatory
activity. Flavonoids have an immunossuppressor effect on the
lymphoproliferative response (You, Son, Chang, Kang & Kim, 1998) and on
inflammatory cytokine production (Hodge, Hodge & Han, 2002). Since our
propolis sample contains flavonoids in its chemical composition (Bankova et al.,
1998), they could be involved in the mechanisms by which propolis exerted its
anti-inflammatory action, inhibiting IFN-y production.

In this same model, we verified previously that propolis administration to
mice for 3 days increased pro-inflammatory (IL-13 and IL-6) cytokines
production and stimulated the expression of Toll-like receptors (TLR-2 and TLR-
4), suggesting that propolis may activate the initial steps of the immune
response (Orsatti et al., submitted). One may speculate that maybe some
constituents of propolis could activate the cells of innate immunity, while others,

e.g. flavonoids, could inhibit Thl cells. Moreover, propolis compounds could



interact with different receptors in different cells, and this aspect deserves
further investigation.

Propolis-treated mice showed no alteration in IL-4 expression and
production. In contrast, it was observed that propolis inhibited IL-4 production by
peripheral blood mononuclear cells and human T cells (Ansorge et al., 2003).
With respect to IL-10, currently considered a cytokine produced by Treg cells,
there were no changes in its basal or Con A-stimulated production by propolis-
treated mice. Propolis inhibited IL-10 production by peripheral blood
mononuclear cells and human T cells (Ansorge et al., 2003). Propolis also
inhibited IL-10 production by spleen cells of BALB/c mice in an experimental
model of asthma (Sy, Wu, Chiang, Wang & Wu, 2006).

Propolis and some of its constituents were shown to be capable of
regulating lymphocyte growth via the Erk-2 signal pathway, suppressing pro-
inflammatory and Thl as well Th2 derived cytokines (Ansorge et al., 2003). Our
data reinforces these findings, and propolis administration over a short-term to
mice affected IFN-y production, what may be related to its anti-inflammatory
properties. Since it is well established that cytokines orchestrate and perpetuate
the chronic inflammatory features of several diseases, further investigation is
stil needed to understand the involvement of isolated compounds,
synergistically or not, responsible for propolis anti-inflammatory action, as well

as to check propolis efficiency in inflammatory diseases.
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Primers Sequences 5 -3 Accession number
IL-2 Forward ~ CCC AAG CAG GCC ACA GAATTG AAA X01772
IL-2 Reverse AGT CAA ATC CAG AAC ATG CCG CAG X01772
IFN-y Forward AGA GGATGG TTT GCA TCT GGG TCA M28381
IFN-y Reverse  ACA ACG CTATGC AGC TTG TTC GTG M28381
IL-4 Forward AGA TGG ATG TGC CAAACG TCC TCA MN_ 021283
IL-4 Reverse AAT ATG CGA AGC ACC TTG GAA GCC MN_ 021283
IL-10 Forward GGA CAA CAT ACT GCT AACCGAC M37897
IL-10 Reverse TGG ATC ATT TCC GAT AAG GCT TG M37897

Table 1. Sequences of primers for Thl (IL-2 and IFN-y) and Th2 (IL-4 and IL-10)

cytokines.
Basal Con A
G1 G2 G1 G2
Cytokines
84.36 71.62 2175.00 2134.00
L-2 +18.36 +20.61 +91.33 +119.30
IFN-y 124.10 82.51* 14870.00 10760.00 *
+ 36.37 +19.85 + 3471.00 + 3056.00
IL-4 ND ND 262.70 306.70
+ 79.17 + 83.41
IL-10 133.40 147.30 2674.00 2692.00
+32.39 + 38.64 +937.10 +571.30

Table 2. Thl (IL-2 and IFN-y) and Th2 (IL-4 and IL-10) basal production (pg/ml) by
spleen cells or stimulated with Con A (10 pg/ml) for 48 h. G1 = control; G2 = propolis.
Data represent means and standard deviation of 10 animals. ND = not determined. *

Significantly different from control (p < 0.01).
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Fig. 1. Relative quantification of mRNA IL-2 (A), IL-4 (B) and IL-10 (C) by real-
time PCR in spleen cells. All results, normalized to B-actin, were expressed as

arbitrary units relative to the value of 1.0. G1 = control; G2 = propolis.



Conclusdes



A expresséao dos receptores Toll-like pelos animratados com prépolis esteve
aumentada significativamente, sugerindo que a asiragdo deste produto natural
ativa esta importante via do sistema imune inartptem macrofagos peritoneais como
esplendcitos totais.

Outra evidéncia que reforca estd hipétese € o aonsan producdo de das
citocinas proé-inflamatérias (ILEL e IL-6), demonstrando indiretamente a possivel
ativacdo do fator de transcricdo MB; e sugerindo a acdo da propolis nas etapas
iniciais da resposta imune inata.

Por fim, embora a administracdo de propolis a cpré&zo a camundongos ndo
afetou a expresséo e producao de IL-2, IL-4 e ILalProducéo basal e estimulada por
Con A de IFNy foram inibidas ap6s a administracdo deste prodpfoola, sugerindo

seu efeito antiinflamatorim vivo.
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