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“(...) Persiga um sonho, mas não deixe ele viver sozinho.    

Procure, sempre procure o fim de uma história, seja ela qual  for. 

Se achar que precisa voltar, volte! 

Se perceber que precisa seguir, siga! 

Se estiver tudo errado, comece novamente. 

Se estiver tudo certo, continue. 

Se sentir saudades, mate-a. 

Se perder um amor, não se perca! 

Se achá-lo, segure-o!” 

Fernando Pessoa 
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RESUMO 

A esclerose múltipla (EM) é uma doença desmielinizante que afeta o sistema 

nervoso central (SNC). A encefalite autoimune experimental (EAE) é o modelo 

animal mais empregado para investigar mecanismos imunopatogênicos, terapia 

e efeito de agentes infecciosos na EM. Neste contexto, utilizamos este modelo 

para avaliar o efeito de cepas produtoras de superantígenos (SAgs) no 

desenvolvimento da EAE. Para isto, camundongos C57BL/6 foram infectados 

com cepas distintas de S. aureus e 3 dias após foram submetidos à indução de 

EAE por imunização com MOG (myelin oligodendrocyte glycoprotein). O efeito das 

infecções foi avaliado através dos seguintes parâmetros: perda de peso corporal, 

escore clínico, inflamação do SNC e produção de citocinas por células esplênicas 

ou isoladas do SNC. A presença de células T CD4+CD25+Foxp3+ (Tregs) foi 

determinada em alguns experimentos. Os resultados obtidos foram organizados em 

3 manuscritos. Na primeira etapa, comparamos 2 cepas de S. aureus quanto às 

suas habilidades de causar bacteremia, migração para o cérebro e efeito da 

infecção sobre a fase aguda da EAE. Foram escolhidas as cepas de S. aureus 

ATCC 51650 que é produtora do superantígeno TSST-1 (TSST-1+) e ATCC 43300 

(TOX-) que não produz nenhum tipo de SAg. As 2 cepas causaram bacteremia e 

atingiram o cérebro, entretanto, só a cepa TOX- causou inflamação local. As 2 

cepas reduziram os sintomas clínicos da EAE durante a fase aguda mas a cepa 

produtora de TSST-1+ determinou efeito mais acentuado. O efeito protetor de 

ambas foi associado com modulação da produção local e periférica de citocinas. No 

segundo manuscrito investigamos se o efeito protetor da infecção prévia com S. 

aureus era mantido na fase crônica da EAE. Constatamos que o efeito protetor 

perdurou até a fase crônica sendo também caracterizado por menor incidência da 
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doença, menor perda de peso e escores clínicos mais baixos. O efeito da cepa 

produtora de TSST-1+ também foi mais acentuado nesta fase. As infecções prévias 

com as 2 cepas modularam a produção local e periférica de citocinas mas só a 

cepa TOX- modulou a porcentagem de células Tregs. No último trabalho 

mostramos que a cepa ATCC 14458, produtora de enterotoxina SEB (SEB+), 

também foi protetora determinando redução na perda de peso, no escore clínico, na 

incidência da doença e também no processo inflamatório presente no SNC. Este 

efeito protetor esteve associado com redução na produção de IL-17. Juntos estes 

resultados mostraram que infecções prévias com diferentes cepas de S. aureus, 

inclusive com 2 cepas produtoras de SAgs, determinaram efeito protetor na EAE. 

Um entendimento mais aprofundado dos mecanismos imunológicos envolvidos 

nesta proteção poderá resultar em medidas preventivas de possível aplicação na 

EM.  

 

Palavras-chave: encefalite autoimune experimental, doença autoimune, S. 

aureus, superantígenos  
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Abstract 

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system 

(CNS). Experimental autoimmune encephalomyelitis (EAE) is a widely accepted 

model used to investigate immunopathogenic mechanisms, therapy and the 

effect of infectious agents on MS. In this context, this model was employed to 

evaluate the effect of S. aureus superantigen (SAg) producer strains on EAE 

development. For this C57BL/6 mice were infected with distinct S. aureus 

strains and three days after infection they were submitted to EAE induction by 

immunization with MOG (myelin oligodendrocyte glycoprotein). The effect of 

infections was evaluated by body weight loss, clinical score, inflammation of the 

CNS and cytokine production by spleen cells or CNS cells. The presence of 

CD4+CD25+Foxp3+ T cells (regulatory T cells) was determined in some 

experiments. The results were organized into 3 manuscripts. Initially, we compared 

the ability of 2 S. aureus strains to cause bacteremia, to migrate to the brain and 

their effect in the acute phase of EAE. The S. aureus strains ATCC 51650 that is a 

TSST-1 producer (TSST-1+) and ATCC 43300 that does not produce any SAg 

(TOX-) were used in this work. Both S. aureus strains were capable to cause 

bacteremia and migrate of the brain, however, only TOX- group caused 

inflammation in the brain. Both S. aureus strains were able to decrease the 

severity of EAE during the acute phase, but TSST-1+ strain triggered a more 

accentuated protective effect. Protective activity of both S. aureus strains was 

associated with local and peripheral cytokine modulation. In the second 

manuscript we investigated if the protective effect of the previous infection with 

S.  aureus remained during the chronic disease phase. The results indicated 

that protection persisted during chronic EAE phase and was characterized by 
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lower disease incidence, smaller body weight loss and also reduced clinical 

scores. The effect of the TSST-1+ was also more accentuated in this phase. 

Modulation of local and peripheral cytokine production was also triggered by 

both strains but only the TOX- strain downmodulated the percentage of 

regulatory T cells in the CNS. In the last work we demonstrated that S. aureus 

ATCC 14458, that is a SEB producer strain (SEB+), was able to partially avoid 

EAE progression. Previous infected animals presented reduction in body weight 

loss, in clinical scores and also in disease incidence. They also showed less 

inflammation in the CNS. This protective activity was associated with reduced 

production of IL-17 by spleen cell culture. These results demonstrated that 

previous infection with different S. aureus strains partially avoided EAE 

development in C57BL/6 mice. A deeper investigation to understand the 

immunological mechanisms involved in this protective ability will be necessary 

to eventually result in a preventive measure against MS.  

 

Key-words: experimental autoimmune encephalomyelitis, autoimmunity 

disease, S. aureus, superantigens 
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1 – INTRODUÇÃO 

1.1 – Esclerose múltipla 

A esclerose múltipla (EM) é uma doença inflamatória e desmielinizante do 

sistema nervoso central (SNC) que é descrita como a principal causa de incapacidade 

neurológica em adultos jovens com início das manifestações clínicas entre 20 a 40 anos 

de idade (Hohlfeld, 2009, Mulvey et al., 2010). A doença afeta 2,5 milhões de pessoas em 

todo o mundo, tendo maior prevalência na Europa e na América do Norte.  Além disso, a 

EM acomete mais mulheres do que homens, na proporção 2:1 (WHO, 2006; 

Constantinescu et al., 2011). A maioria dos pacientes apresenta inicialmente um quadro 

transitório de sintomas com períodos de exacerbação e remissão da doença, seguido por 

fase secundária progressiva, caracterizada por perdas irreversíveis e neurodegeneração 

(Imitola et al., 2005; Hohlfeld, 2009). As primeiras manifestações clínicas da EM incluem 

fraqueza de um ou mais membros, perda da visão, falta de coordenação motora e 

parestesia (Silberberg, 1992). O tratamento da EM é realizado com corticosteróides, 

drogas imunomoduladoras como o IFN-β e acetato de glatiramer e anticorpos 

monoclonais (Constantinescu et al., 2011). 

Causa e patogênese da EM não são completamente conhecidas, mas ainda 

se acredita que esta seja, fundamentalmente, uma doença autoimune mediada por 

células Th1 com especificidade para antígenos do SNC. As citocinas como TNF-α, 

IFN-γ e IL-17 desempenham um papel importante no processo inflamatório e 

consequente degeneração axonal, morte dos oligodendrócitos e disfunção neuronal 

(Steinman 2001; Elloso et al., 2005). As principais características histopatológicas da 

EM são presença de infiltrado inflamatório composto por linfócitos T e B e 

macrófagos; desmielinização ocasionada pela destruição da bainha de mielina ou 

pela morte dos oligodendrócitos, células responsáveis pela produção de mielina; 
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dano ou perda dos axônios; além da gliose, que se caracteriza por aumento do 

número de células da glia na substância branca em resposta ao dano no SNC 

(Constantinescu et al., 2011). 

A causa exata da EM permanece desconhecida, entretanto existem 

evidências de que fatores genéticos e ambientais contribuam para o 

desenvolvimento da doença. Evidências epidemiológicas indicam que infecções 

bacterianas e virais contribuem para o desenvolvimento da EM. Os patógenos 

podem induzir autoimunidade através do fenômeno denominado mimetismo 

antigênico, que ocorre quando as células T específicas para peptídeos derivados de 

patógenos possuem reatividade cruzada com auto-antígenos (Sospedra & Martin, 

2005). A imunopatogênese da EM também tem sido atribuída a defeitos na atividade 

funcional de células T reguladoras (CD4+CD25+Foxp3+). Essas células são 

importantes não apenas para a manutenção da tolerância periférica, mas também 

para controlar a autoimunidade órgão-específica através da supressão de células T 

autorreativas (Sakaguchi et al., 1995; Tang et al., 2004). Apesar de alguns trabalhos 

mostrarem níveis normais dessas células em pacientes com EM (Venken et al., 

2006) tem sido descrita redução na atividade funcional das mesmas in vitro (Huan et 

al., 2005).  

 

1.2 – Encefalite autoimune experimental 

A encefalite autoimune experimental (EAE) é uma doença desmielinizante do 

SNC cujas características clínicas e histológicas se assemelham às encontradas na EM, 

sendo utilizada como modelo experimental para o estudo da doença humana. Esta 

doença é induzida principalmente em camundongos e ratos através da imunização com 

antígenos derivados de mielina (myelin basic protein – MBP, proteolipid protein – PLP, 
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myelin oligodendrocyte glycoprotein – MOG ou peptídeos derivados destas proteínas) em 

associação com o adjuvante completo de Freund (ACF) (Libbey & Fujinami, 2011).  

A EAE é mediada por células T específicas para mielina que são ativadas na 

periferia e migram para o SNC após a permeabilização da barreira hemato-encefálica. No 

SNC estes linfócitos T são reativados por contato com as células apresentadoras de 

antígenos (APCs) presentes no local, resultando em processo inflamatório, 

desmielinização e dano axonal. Dependendo do protocolo de imunização e das 

características genéticas da cepa de camundongo utilizada, a EAE pode ser 

caracterizada como uma doença aguda monofásica, crônica progressiva ou com um 

decurso clínico composto por recidivas e remissões (Fletcher et al., 2010). A transferência 

adotiva de células T específicas para mielina também desencadeia a doença, indicando 

que a EAE é uma doença autoimune mediada pela resposta imune celular (Link & Xiao, 

2001).  

Um possível comprometimento da atividade das células T reguladoras na 

EM tem sido sugerido por estudos utilizando modelos animais. Por exemplo, a 

presença dessas células é observada no SNC na fase de recuperação da EAE. Por 

outro lado, a depleção de células T reguladoras, que expressam o fator de 

transcrição Foxp3 (forkhead transcription factor 3), exacerba as manifestações 

clínicas da doença (McGeachy et al., 2005). Esses achados ressaltam a importância 

da atividade supressora dessas células na inflamação do SNC. 

Os primeiros sintomas clínicos da doença são geralmente observados dentro de 9 

a 12 dias após a indução, no entanto, o decurso clínico subsequente depende da espécie 

que está sendo estudada e do tipo de imunização (Gold et al., 2006). A doença 

desencadeada em modelos murinos de EAE, empregando diferentes cepas de 

camundongos isogênicos, mimetiza melhor o decurso crônico e/ou de exacerbação-
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remissão que é o mais comum na EM (Gold et al., 2006). Por exemplo, a imunização 

de camundongos C57BL/6 com o peptídeo (35-55) derivado de MOG desencadeia 

uma doença neurológica caracterizada por paralisia e também um extenso processo 

de desmielinização. Os animais desenvolvem doença crônica após a imunização 

que perdura por, pelo menos, 45 dias (Bernard et al., 1997). As lesões são 

caracterizadas por áreas confluentes de infiltrado inflamatório mononuclear, 

composto principalmente por macrófagos e linfócitos T CD4+ e desmielinização na 

substância branca periférica (Day, 2005). Modelos experimentais empregando ratos 

e camundongos são amplamente empregados em estudos de imunopatogênese e 

desenvolvimento de novas terapias ('t Hart et al., 2011).  

 

1.3 – Imunopatogênese da EAE 

A EAE tem sido classicamente considerada uma doença Th1 não só porque 

clones Th1 específicos para mielina transferem adotivamente a doença, mas também 

porque tem sido demonstrado que citocinas pró-inflamatórias, tais como IFN-γ e TNF-α 

danificam a bainha de mielina (Klinkert et al., 1997). A contribuição das células Th1 na 

EAE foi comprovado pela observação de que camundongos knockout para IL-12p40 

eram resistentes à indução da EAE. Como a IL-12 é necessária na diferenciação do 

padrão Th1, esses camundongos não produziam IFN-γ e outras citocinas associada com 

este perfil. Altos níveis de IFN-γ são detectados no CNS durante a fase aguda da EAE, 

havendo um declínio na fase de recuperação, o que comprova a participação dessa 

citocina na patogênese dessa doença.   

Mais recentemente, ficou demonstrado que outros tipos de células T efetoras tais 

como Tc e Th17 também podem contribuir para o desenvolvimento desta patologia. A 

expressão de IL-17 tem sido associada com diversas doenças autoimunes como artrite 
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reumatóide, lúpus eritematoso sistêmico, psoríase e EM (Matusevicius et al., 1999; Kolls 

& Lindén, 2004).  Diversos estudos indicam que a IL-17 tem um papel relevante tanto na 

EM como na EAE. Em modelo experimental foi observado que animais deficientes em IL-

17 desenvolvem EAE mais tardiamente e com sintomatologia mais branda (Komiyama et 

al., 2006). Além disso, tem sido constatado que infiltração de células T e inflamação no 

SNC de animais com EAE só ocorre se houver uma maior proporção de células Th17 do 

que de células Th1. A observação de que células Th17 específicas para mielina podem 

determinar o desenvolvimento de EAE por transferência adotiva de células comprovam o 

papel da Th17 na EAE (Awasthi et al., 2008).  A principal função da IL-17 na 

imunopatogênese da EAE é a sua capacidade de interferir na barreia hemato-encefálica. 

Recentemente, Huppert e colaboradores em 2010 demonstraram que a IL-17 estimula a 

produção de espécies reativas de oxigênio nas células endoteliais do cérebro e desta 

forma, ativa a contração de células endoteliais acarretando maior permeabilidade da 

barreira hemato-encefálica. Além disso, as espécies reativas de oxigênio aumentam a 

expressão de moléculas de adesão endoteliais resultando em maior migração de células 

inflamatórias através desta barreira. 

Ainda não se sabe qual subtipo de linfócito T CD4 é mais importante na 

patogênese da EAE, visto que tanto camundongos deficientes em RORγt como em T-bet 

são resistentes à indução da EAE, confirmando que tanto linfócitos Th17 quanto Th1 

estão envolvidos no processo de desmielinização do SNC (Bettelli et al., 2004; Ivanov et 

al., 2006). Além disso, pesquisadores caracterizaram o fenótipo das células T infiltrantes 

no SNC de animais com EAE e verificaram a presença tanto de células Th1 quanto Th17 

(Korn et al., 2007; Langrish et al., 2005).  

O que dificulta ainda mais a distinção do papel imunopatogênico do IFN-γ e da IL-

17 na EAE é a plasticidade do fenótipo Th17. As células Th1 são relativamente estáveis 
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enquanto as células Th2 podem alterar a sua configuração para um fenótipo Th1 

dependendo do microambiente (Lee et al., 2009). As células Th17 também parecem ser 

pouco estáveis podendo co-expressar IFN-γ e IL-17 ou expressar apenas IFN-γ (Flecher 

et al., 2010). Células que secretam ambas as citocinas são frequentemente detectadas 

no SNC de camundongos com EAE (Abromson-Leeman et al, 2009).  

É possível que o desenvolvimento da EM esteja relacionado com defeitos na 

atividade funcional de células T reguladoras. Em 1995, Sakaguchi e colabores, 

descreveram uma subpopulação de células T CD4+ que expressavam também a 

proteína de superfície CD25 (cadeia α do receptor para a IL-2). Essas células 

apresentavam uma importante atividade regulatória e eram capazes de controlar as 

células T autorreativas in vivo. A partir de então estas células passaram a ser chamadas 

de células T reguladoras. As células T reguladoras CD4+CD25+ representam 

aproximadamente 5-10% dos linfócitos T CD4+ periféricos de humanos e de 

camundongos e podem atuar tanto no controle da imunidade inata quanto da imunidade 

adaptativa (Shevach, 2002).  

As células T reguladoras CD4+CD25+ também expressam o gene regulador 

Foxp3 que codifica o fator de transcrição Foxp3; este é fundamental para o 

desenvolvimento e função desta linhagem (Fontenot et al., 2003; Hori et al., 2003). O 

Foxp3 regula a transcrição de genes que codificam algumas proteínas, como por 

exemplo, CTLA-4 e CD39 (Ozdemir et al., 2009). A constatação de que camundongos e 

humanos com mutações no gene Foxp3 desenvolvem uma doença autoimune 

linfoproliferativa grave (Brunkow et al., 2001) ressalta a importância desse fator como 

fundamental no desenvolvimento destas células. Atualmente, o Foxp3 é considerado o 

melhor marcador para células T reguladoras de camundongos. 
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As células T reguladoras são classificadas como naturais ou adaptativas. As 

células T reguladoras naturais (T C4+CD25+Foxp3+) são originadas no timo, enquanto 

as induzidas são geradas na periferia. A conversão de células TCD4 naive em células 

TCD4+Foxp3+ que ocorre na periferia requer contato com o antígeno (Mucida et al., 

2009). As células T reguladoras induzidas são divididas em dois grupos: as Tr1, 

produtoras de lL-10 e as Th3, produtoras de TGF-β. Segundo Workman e colaboradores 

em 2009, a expressão de Foxp3 é observada nas células Th3, mas não nas células Tr1, 

no entanto outros pesquisadores afirmam que as células reguladoras Th3 e Tr1 não 

expressam Foxp3 (Curotto de Lafaille & Lafaille, 2009).  

Os mecanismos de supressão empregados pelas células T reguladoras podem 

ser divididos em quatro tipos distintos. O primeiro é a supressão mediada por citocinas 

inibitórias, como IL10, TGF-β e IL-35. O segundo é a supressão mediada por citólise que 

é dependente de granzima A e perforina nos humanos e de granzima B em 

camundongos. O terceiro mecanismo é a supressão por distúrbio metabólico, como é o 

caso, por exemplo, da apoptose da célula efetora por privação de IL-2 (Vignali et al., 

2008; Workman et al., 2009). O último mecanismo envolve as células dendríticas (DC). 

Neste caso, as células T reguladoras induzem a produção de indoleamina 2,3-

dioxigenase (IDO) pelas DC. Esta enzima causa imunossupressão por determinar 

degradação de triptofano e produção de metabólitos pró-apoptóticos. Se sabe atualmente 

que tanto as células T reguladoras naturais quanto as adaptativas regulam o processo 

inflamatório na EM e na EAE. Estudos realizados na EAE induzida por MOG mostraram 

que a transferência de células T CD4+ CD25+ reduziu a gravidade da doença e que as 

mesmas suprimiram as células específicas para MOG in vitro (Kohm et al., 2002). Esse 

efeito regulador é mediado por IL-10, visto que em animais knockout para IL-10 a 

transferência de células T reguladoras não conferiu proteção na EAE (Zhang et al., 2004). 
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Quando se avalia o decurso clínico natural da EAE se observa acúmulo de células T 

reguladoras no SNC durante a fase de recuperação da doença e a sua depleção inibe a 

resolução da sintomatologia dos animais (McGeachy et al., 2005). A fase de recuperação 

da EAE tem sido também associada à indução de TGF-β (Zhang et al., 2006) e IL-10 

(McGeachy et al., 2005), sendo que essas citocinas podem ser produzidas tanto por 

células T reguladoras naturais quanto por células do perfil Tr1. Um dado interessante foi 

publicado por Korn e colaboradores, em 2007, demonstrando que embora células T 

reguladoras estejam presentes no SNC durante o pico da EAE, essas células são 

incapazes de suprimir totalmente as células T efetoras presentes no local. Esses estudos 

sugerem que a autoimunidade depende de um balanço delicado entre as respostas de 

perfil regulador e inflamatório. Neste contexto, durante o início da doença predominaria 

uma resposta inflamatória enquanto que na fase de resolução haveria um aumento das 

células T reguladoras.  

 

1.4- Staphylococcus aureus e superantígenos  

Membros do gênero Staphylococcus são cocos Gram-positivos que se 

apresentam isolados ou em arranjos irregulares lembrando cachos de uva. São 

imóveis, não formadores de esporos, catalase positivos e a maioria das espécies é 

anaeróbia facultativa (Larkin et al., 2009). O gênero Staphylococcus é composto de 

40 espécies, sendo que a maioria delas é coagulase-negativa. A síntese de 

coagulase ocorre nas espécies S. aureus, S. schleiferi subsp. coagulans, S. 

intermedius,  S. hyicus e S. delphini (Trülzsch et al., 2002). Esses microrganismos se 

encontram amplamente distribuídos na natureza, sendo principalmente encontrados 

na pele e nas membranas mucosas de mamíferos e animais (Larkin et al., 2009). A 

espécie S. aureus é uma bactéria oportunista que coloniza principalmente o interior 
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das narinas em mais de 20% da população (Foster, 2005). Essa relação geralmente 

é benigna ou simbiótica com seus hospedeiros. Contudo se a barreira cutânea for 

rompida por trauma, por exemplo, esses microrganismos podem apresentar 

comportamento patogênico (Larkin et al., 2009). Os S. aureus, em especial as cepas 

resistentes à meticilina (MRSA), são os que mais se destacam como causadores de 

morbidade e mortalidade em humanos (Larkin et al., 2009; Watkins et al., 2012). 

Essa espécie causa inúmeras doenças tais como intoxicação alimentar, infecções de 

pele, osteomielite, endocardite, pneumonia, enterocolite, choque tóxico, bacteremia, 

miocardite, meningite e recentemente vem sendo também descrita como 

responsável pelo desencadeamento de doenças autoimunes (Larkin et al., 2009). 

Apesar de ser combatida por barreiras como pele e mucosas e também por 

uma série de mecanismos imunológicos, tanto não específicos quanto específicos, o 

S. aureus dispõe de uma série de mecanismos de escape que lhe permitem evadir 

às defesas do hospedeiro. Os principais mecanismos de evasão descritos incluem 

inibição de quimiotaxia de neutrófilos (Murdoch & Finn, 2002); liberação de toxinas 

que matam os leucócitos (Montoya & Gouaux , 2003); resistência à fagocitose 

(Palmqvist et al, 2002); inativação do sistema complemento (Rooijakkers et al, 2005) 

e liberação de moléculas imunomoduladoras as quais podem determinar 

imunossupressão (Foster, 2005). Entre estas moléculas associadas com os 

mecanismos de escape estão descritas várias toxinas. Entre estas toxinas se 

destaca um grupo de enterotoxinas que podem causar síndromes semelhantes a 

choques e lesões gastrointestinais. Uma característica muito interessante destas 

moléculas é que as mesmas podem atuar como superantígenos (SAgs), ou seja, são 

capazes de estimular um grande número de células T, independentemente de suas 

especificidades (Foster, 2005; Ortega et al., 2010). 
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Os SAgs bacterianos são proteínas produzidas predominantemente por S. 

aureus e  Streptococcus piogenes as quais estão envolvidas em várias patologias 

(McCormick et al., 2001; Ortega te al., 2010). SAgs diferem dos antígenos 

convencionais em vários aspectos. Antígenos convencionais precisam ser 

inicialmente processados de tal forma que sejam gerados peptídeos. Estes 

peptídeos são encaixados na fenda presente em moléculas de histocompatibilidade 

(MHC) de classe I ou de classe II e este complexo é então apresentado aos 

linfócitos T específicos. Os linfócitos T, por sua vez, utilizam a região variável de 

seus receptores para antígeno (TCR) para reconhecer esta associação entre 

peptídeo e MHC. De forma diferente, os SAgs atuam como moléculas intactas e se 

ligam diretamente nas moléculas de MHC de classe II expostas na superfície de 

células apresentadoras de antígeno (APCs), sem que ocorra um processamento 

prévio (Mollick et al., 1989). Os SAgs se ligam às moléculas de classe II em um local 

distinto da fenda no qual se liga o peptídeo de antígeno convencional (Russel et al., 

1991). Este complexo SAg/MHC II interage diretamente com a região variável da 

cadeia β (vβ) do TCR determinando ativação das APCs e dos linfócitos (Callahan et 

al., 1990). Os linfócitos ativados desta forma podem produzir citocinas, se tornar 

anérgicos ou sofrer um processo de apoptose (Lin et al., 2007; Arad et al., 2011; Lee 

et al., 2012). Teoricamente esta resposta exacerbada pode desencadear 

desenvolvimento de doenças autoimunes ou então agravar a sintomatologia já 

existente (Krakauer, 1999; Mulvey et al., 2010).  

Os SAgs bacterianos incluem as enterotoxinas estafilocócicas (ES) e a toxina 

1 da síndrome do choque tóxico (TSST-1) (Lina et al., 2004). Existe uma variedade 

de ES (A, B, C, D, E, G, H, I, J, K, L, M, N, O, P, Q, R, S, T, U, V e X) e elas são 
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definidas pela sua capacidade de causar patologias como intoxicação alimentar  

(Mulvey et al., 2010). 

As características dos SAgs SEB e da TSST-1 que possam justificar o estudo 

de sua contribuição na EAE são sucintamente descritas abaixo. A SEB é constituída 

por um único polipeptídeo de 28000 Da enovelado sob a forma de dois domínios 

(Swaminathan et al., 1992). Devido à sua estrutura terciária muito compacta, esta 

enterotoxina é altamente resistente à clivagem por proteases. Classicamente a SEB 

tem sido associada com intoxicação alimentar (Mantis, 2005). Entretanto, mais 

recentemente, tem sido demonstrado que a mesma pode desencadear ativação 

sistêmica acentuada do sistema imunológico quando administrada por outras vias 

tais como nasal, conjuntiva ou através do canal vaginal (Rajagopalan et al., 2007). 

Em termos de interação com as células T, a SEB reconhece as seguintes 

subclasses de vβ humanos: vβ3, 12, 13.2, 14, 15, 17 e 20 (Mantis et al., 2005). Uma 

avaliação sistemática do efeito da SEB em doenças autoimunes não tem sido 

realizada. Entretanto, alguns trabalhos mostram o efeito preventivo desta ou de 

outras enterotoxinas estafilocócicas. Por exemplo, Kawamura e colaboradores em 

1993, constataram que a administração de várias enterotoxinas de S. aureus 

preveniu o diabetes em camundongos NOD. Os autores sugeriram que este 

tratamento induziu células T reguladoras. Gonzalo et al., 1994, também observaram 

que uma única inoculação de enterotoxina B foi capaz de reduzir a autoimunidade 

em camundongos MRL/Ipr. Por outro lado, alguns protocolos estão associados com 

indução de autoimunidade. Ellerman & Like, 1992, demonstraram que células 

esplênicas estimuladas com enterotoxinas estafilocócicas foram capazes de 

transferir diabetes adotivamente. A SEB também desencadeou agravamento da 
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uveoretinite experimental via ativação de células T CD4+ vβ 8 (+) (Kohno et al., 

2009), e causou recidiva da EAE (Constantinescu et al., 1998).  

A TSST-1 é traduzida como uma proteína precursora contendo 234 

aminoácidos e secretada após a clivagem de uma sequência aminoterminal de 40 

aminoácidos. A proteína madura é constituída por uma única cadeia polipeptídica 

com um peso molecular de 22000 Da. Apesar de conter uma alta porcentagem de 

aminoácidos hidrofóbicos, a TSST-1 é hidrossolúvel e geralmente também resiste ao 

calor e proteólise (Dinges et al., 2000; Larkin te al., 2009). A TSST-1 é um potente 

SAg que interage com a subpopulação de células T vβ 2 e 4 sendo a causa mais 

comum da Síndrome do Choque Tóxico (TSS). A TSS é uma doença aguda e 

potencialmente fatal, caracterizada por febre alta, rash difuso escamoso, hipotensão 

e envolvimento de três ou mais órgãos (Larkin et al., 2009). Esta toxina é produzida 

por aproximadamente 20% das amostras de S. aureus isoladas de pacientes 

humanos. Uma possível participação da TSST-1 nas patologias autoimunes tem sido 

avaliada de forma mais direta só em modelos de artrite. Por exemplo, a cepa LS-1, 

que é produtora de TSST-1, é utilizada para desencadear artrite séptica quando 

administrada por via intravenosa em camundongos (Sakiniene & Tarkowski, 2002). A 

real contribuição da TSST-1 tem sido sugerida pela maior gravidade da artrite 

causada pelas cepas produtoras desta toxina, em comparação com as não 

produtoras (Abdelnour et al., 1994). Além disto, a TSST-1 acelera a artrite induzida 

por colágeno em camundongos DBA (Kageyama et al., 2001). 

 

1.5- Efeito do Staphylococcus aureus na EM / EAE 

Múltiplos fatores contribuem para o desenvolvimento da resposta imune 

contra antígenos próprios. Os fatores ambientais são responsáveis por até 70% do 
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risco de desenvolver EM e entre eles, destacam-se as infecções por vírus e 

bactérias que foram descritos como capazes de iniciar ou agravar esta patologia 

(Delogu et al., 2012).  

Uma possível associação de S. aureus com EM foi inicialmente sugerida por 

Aasjord et al., 1986, pela demonstração de que alguns pacientes com EM 

apresentavam anticorpos específicos para antígenos estafilocócicos no líquor. Como 

descrevemos anteriormente, os estafilococos secretam moléculas denominadas 

SAgs capazes de causar doenças graves, em parte devido ao efeito sobre as células 

do sistema imunológico. A possibilidade de que estas moléculas estejam envolvidas 

no desencadeamento de doenças autoimunes como EM, granulomatose de 

Wegener e artrite reumatóide vem sendo investigada (Xu &McCormick, 2012).  No 

caso específico da EM foi demonstrado, por exemplo, que superantígenos 

bacterianos são capazes de ativar e expandir clones de células T autorreativas para 

mielina (Burns et al., 1992). Além disto, foi observado que a enterotoxina B 

estafilocócica foi capaz de exacerbar e de causar recidivas em camundongos com 

EAE em remissão ou doença subclínica (Brocke et al., 1993). Estes efeitos têm, de 

forma geral, sido atribuídos à proliferação e produção de citocinas pelas células T 

ativadas. Recentemente foi descrito por Mulvey e colaboradores, em 2010, que S. 

aureus produtor de enterotoxina A (SEA) pode se utilizado como um possível 

marcador para exacerbação da EM. Esta hipótese baseia-se em um estudo 

utilizando swabs nasais para a detecção de cepas de S. aureus produtoras de SEA, 

SEB e TSST-1 em pacientes portadores de EM. Os resultados demonstraram maior 

prevalência de SEA em pacientes que apresentaram recidiva da doença. Entretanto, 

também tem sido constatado que SAgs podem anergizar e deletar subpopulações 

de T com determinados domínios Vβ. Isto dependeria do momento de exposição ao 
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SAgs (Rellahan et al., 1990; Kawabe & Ochi, 1991). Por exemplo, recidivas de 

paralisia clínica podem ser induzidas pela administração das enterotoxinas A e B em 

camundongos previamente imunizados com MBP (Schiftenbauer et al., 1993; Brocke 

et al., 1993; Soos et al., 1995). Por outro lado, a administração de SEB antes da 

imunização com MBP preveniu o desenvolvimento da doença devido à 

anergia/deleção da subpopulação T Vβ 8 (Soos et al., 1993; Kalman et al., 1993).  

Além destes efeitos mais conhecidos, relatos recentes revelam uma conexão 

muito interessante, mas bastante complexa, entre os SAgs e as células T 

reguladoras. Por um lado os SAgs parecem inibir a atividade imunorreguladora das 

células T. Por exemplo, SEB inibiu células Treg através da indução de uma proteína 

ligante de GITR (Cardona et al., 2006). Por si só isto já seria relevante no contexto 

das doenças autoimunes, mas foi constatado que este efeito ocorre juntamente com 

uma polarização no sentido Th17 (Zehn et al., 2007), cuja contribuição na 

patogênese da EM e EAE está bem estabelecida (Kolls & Lindén, 2004). Por outro 

lado, na dependência do protocolo empregado, os SAgs também são capazes de 

ativar células Tregs. Erokhmanoff e colaboradores, em 2009, mostraram indução de 

tolerância, mediada por aumento da freqüência de células Foxp3+, após imunização 

repetida com SEB.  

Só existem dois relatos antigos sugerindo uma possível conexão entre TSST-

1 e EM. Stinissen e colaboradores, em 1995, constataram que células Tγδ isoladas 

de pacientes com EM eram ativadas e adquiriam atividades citotóxicas específicas 

em presença da TSST-1. Este grupo de pesquisadores também observou que 

células T específicas para mielina eram ativadas e sofriam expansão clonal na 

presença da TSST-1 e outros SAgs (Zhang et al., 1995).  
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1.6- Racional do projeto 

 Apesar da causa e da patogênese da EM não serem completamente 

conhecidas, sabe-se que fatores genéticos e ambientais são relevantes para o 

desenvolvimento desta patologia. Entre os fatores ambientais destacam-se as 

infecções por bactérias, vírus e outros patógenos. No contexto destas infecções 

destacam-se as causadas pelo S. aureus, pois este agente secreta uma série de 

substâncias, entre elas, os SAgs que podem afetar o desenvolvimento da EM. A 

literatura é escassa quanto ao efeito das cepas de S. aureus produtoras de SAgs na 

EM. Isto ocorre não só pela inerente dificuldade de se avaliar doenças humanas 

diretamente, mas também porque existem cepas de S. aureus produtoras de SAgs 

distintos e também cepas produtoras de vários SAgs ao mesmo tempo. Além disto, 

os poucos trabalhos disponíveis sugerem que este assunto é bastante complexo. 

Por estas razões, propomos neste trabalho, investigar o efeito de infecções prévias 

com 3 cepas distintas de S. aureus no desenvolvimento da EAE que é um modelo 

largamente utilizado para estudar EM. Nossa hipótese de trabalho prevê uma 

exacerbação da sintomatologia clínica associada com aumento do processo 

inflamatório no SNC.   

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Referências



                                                                                                                                                Referências     37 

 

∗ International Committee of Medical Journal Editors. Uniform Requirements for Manuscripts 
Submitted to Biomedical Journal: sample references.[homepage on the  Internet]. Bethesda: U.S. 
National Library of Medicine; 2003[last updated  2003 July 09;  cited 2005 Jun 01]. Available 
from:http://www.nlm.nih.gov/bsd/uniform_requirements.html  
National Library of Medicine. List of journals indexed in Index Medicus. Washington, 2003.  240p. 
 

2 – REFERÊNCIAS* 

Aasjord P, Nyland H, Haaheim LR. Intrathecal synthesis of antibodies to 

staphylococcal antigens in multiple sclerosis patients. Acta Pathol Microbiol Immunol 

Scand C. 1986;94:97-103. 

 

Abdelnour A, Bremell T, Tarkowski A. Toxic shock syndrome toxin 1 contributes to 

the arthritogenicity of Staphylococcus aureus. J Infect Dis. 1994;170:94-9. 

 

Abromson-Leeman S, Bronson RT, Dorf ME. Encephalitogenic T cells that stably 

express both T-bet and ROR gamma t consistently produce IFNgamma but have a 

spectrum of IL-17 profiles. J Neuroimmunol. 2009;215:10-24. 

 

Arad G, Levy R, Nasie I, Hillman D, Rotfogel Z, Barash U, et al. Binding 

of superantigen toxins into the CD28 homodimer interface is essential for induction of 

cytokine genes that mediate lethal shock. PLoS Biol. 2011;9:e1001149. 

 

Awasthi A, Murugaiyan G, Kuchroo VK. Interplay between effector Th17 and 

regulatory T cells. J Clin Immunol. 2008;28:660-70. 

 

Bernard CC, Johns TG, Slavin A, Ichikawa M, Ewing C, Liu J, et al. Myelin 

oligodendrocyte glycoprotein: a novel candidate autoantigen in multiple sclerosis. J 

Mol Med. 1997;75:77-88. 

 

Bettelli E, Sullivan B, Szabo SJ, Sobel RA, Glimcher LH, Kuchroo VK. Loss of T-bet, 

but not STAT1, prevents the development of experimental autoimmune 

encephalomyelitis. J Exp Med. 2004;200:79-87. 

 

Brocke S, Gaur A, Piercy C, Gautam A, Gijbels K, Fathman CG,et al. Induction of 

relapsing paralysis in experimental autoimmune encephalomyelitis by bacterial 

superantigen. Nature. 1993;365:642-4.  



                                                                                                                                                Referências     38 

 

 

 

Brunkow ME, Jeffery EW, Hjerrild KA, Paeper B, Clark LB, Yasayko SA, et al. 

Disruption of a new forkhead/winged-helix protein, scurfin, results in the fatal 

lymphoproliferative disorder of the scurfy mouse. Nat Genet. 2001; 27:68-73. 

 

Burns J, Littlefield K, Gill J, Trotter JL. Bacterial toxin superantigens activate human T 

lymphocytes reactive with myelin autoantigens. Ann Neurol. 1992;32:352-7 

 

Callahan JE, Herman A, Kappler JW, Marrack P. Stimulation of B10.BR T cells with 

superantigenic staphylococcal toxins. J Immunol. 1990;144:2473-9. 

 

Cardona ID, Goleva E, Ou LS, Leung DY. Staphylococcal enterotoxin B inhibits 

regulatory T cells by inducing glucocorticoid-induced TNF receptor-related protein 

ligand on monocytes. J Allergy Clin Immunol. 2006;117:688-95. 

 

Constantinescu CS, Farooqi N, O'Brien K, Gran B. Experimental autoimmune 

encephalomyelitis (EAE) as a model for multiple sclerosis (MS). Br J Pharmacol. 

2011;164:1079-106. 

 

Constantinescu CS, Wysocka M, Hilliard B, Ventura ES, Lavi E, Trinchieri G, et al. 

Antibodies against IL-12 prevent superantigen-induced and spontaneous relapses of 

experimental autoimmune encephalomyelitis. J Immunol. 1998;161:5097-104. 

 

Curotto de Lafaille MA, Lafaille JJ. Natural and adaptive foxp3+ regulatory T cells: 

more of the same or a division of labor? Immunity. 2009;30:626-35. 

 

Day M. Histopathology of EAE. Experimental Models of Multiple Sclerosis. L. E and 

C. C. Springer: New York; 2005.p.25-43. 

 

Delogu LG, Deidda S, Delitala G, Manetti R. Infectious diseases and autoimmunity. J 

Infect Dev Ctries. 2011;13:679-87.  

 

Dinges MM, Orwin PM, Schlievert PM. Exotoxins of Staphylococcus aureus. Clin 

Microbiol Rev. 2000; 13:16-34. 



                                                                                                                                                Referências     39 

 

 

 

Ellerman KE, Like AA. Staphylococcal enterotoxin-activated spleen cells passively 

transfer diabetes in BB/Wor rat. Diabetes. 1992;41:527-32.  

 

Elloso MM, Phiel K, Henderson RA, HarrisHA, Adelman SJ. Suppression of 

experimental autoimmune encephalomyelitis using estrogenreceptor-selective ligand. 

J Endocrinol. 2005;185:243-52. 

 

Eroukhmanoff L, Oderup C, Ivars F. T-cell tolerance induced by repeated antigen 

stimulation: selective loss of Foxp3- conventional CD4 T cells and induction of CD4 

T-cell anergy. Eur J Immunol. 2009;39:1078-87.  

 

Fletcher JM, Lalor SJ, Sweeney CM, Tubridy N, Mills KH. T cells in multiple sclerosis 

and experimental autoimmune encephalomyelitis. Clin Exp Immunol. 2010;162:1-11.  

 

Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the development and 

function of CD4(+)CD25(+) regulatory T cells. Nat Immunol. 2003;4:330-6. 

 

Foster T. J. Immune evasion by Staphylococci. Nature, 2005. 

 

Gold R, Linington C, Lassmann H. Understanding pathogenesis and therapy of 

multiple sclerosis via animal models: 70 years of merits and culprits in experimental 

autoimmune encephalomyelitis research. Brain. 2006;129:1953-71. 

 

Gonzalo JA, Tarazona R, Schuurman HJ, Uytdehaag F, Wick G, Martínez C, et al. A 

single injection of Staphylococcus aureus enterotoxin B reduces autoimmunity in 

MRL/lpr mice. Clin Immunol Immunopathol. 1994;71:176-82 

 

Hohlfeld R. Multiple sclerosis: Human model for EAE? Eur J Immunol. 2009;39: 

1991-2058. 

 

Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell development by the 

transcription factor Foxp3. Science. 2003;299:1057-61. 



                                                                                                                                                Referências     40 

 

 

 

Huan J, Culbertson N, Spencer L, Bartholomew R, Burrows GG, Chou YK, et al. 

Decreased FOXP3 levels in multiple sclerosis patients. J Neurosci Res. 2005; 81:45–

52. 

 

Huppert J, Closhen D, Croxford A, White R, Kulig P, Pietrowski E, et al. Cellular 

mechanisms of IL-17-induced blood-brain barrier disruption. FASEB J. 

2010;24:1023-34. 

 

Imitola J, Chitnis T, Khoury SJ. Cytokines in multiple sclerosis: from bench to 

bedside. Pharmacol Ther. 2005;106:163-77. 

 

Ivanov II, McKenzie BS, Zhou L, Tadokoro CE, Lepelley A, Lafaille JJ, et al. The 

orphan nuclear receptor RORgammat directs the differentiation program of 

proinflammatory IL-17+ T helper cells. Cell. 2006;126:1121-33. 

 

Kageyama Y, Koide Y, Nagata T, Uchijima M, Yoshida A, Arai T, et al.. Toxic shock 

syndrome toxin-1 accelerated collagen-induced arthritis in mice. J Autoimmun. 

2001;16:125-31.  

 

Kalman B, Lublin FD, Lattime E, Joseph J, Knobler RL. Effects of staphylococcal 

enterotoxin B on T cell receptor V beta utilization and clinical manifestations of 

experimental allergic encephalomyelitis. J Neuroimmunol. 1993;45:83-8. 

 

Kawabe Y, Ochi A. Programmed cell death and extrathymic reduction of Vbeta8+ 

CD4+ T cells in mice tolerant to Staphylococcus aureus enterotoxin B. Nature. 

1991;352:199-200. 

 

Kawamura T, Nagata M, Utsugi T, Yoon JW. Prevention of autoimmune type I 

diabetes by CD4+ suppressor T cells in superantigen-treated non-obese diabetic 

mice. J Immunol. 1993;151:4362-70. 

 



                                                                                                                                                Referências     41 

 

 

 

Klinkert WE, Kojima K, Lesslauer W, Rinner W, Lassmann H, Wekerle H. TNF-alpha 

receptor fusion protein prevents experimental auto-immune encephalomyelitis and 

demyelination in Lewis rats: an overview. J Neuroimmunol. 1997;72:163-8. 

 

Kohm AP, Carpentier PA, Anger HA, Miller SD. Cutting edge: CD4+CD25+ regulatory 

T cells suppress antigen-specific autoreactive immune responses and central 

nervous system inflammation during active experimental autoimmune 

encephalomyelitis. J Immunol. 2002;169:4712-6. 

 

Kohno H, Sakai T, Tsuneoka H, Imanishi K, Saito S. Staphylococcal enterotoxin B is 

involved in aggravation and recurrence of murine experimental autoimmune 

uveoretinitis via Vbeta8(+)CD4(+) T cells. Exp Eye Res. 2009; 89:486-93 

 

Kolls JK, Lindén A. Interleukin-17 family members and inflammation. Immunity. 

2004;21:467-76 

 

Komiyama Y, Nakae S, Matsuki T, Nambu A, Ishigame H, Kakuta S, et al. IL-17 plays 

an important role in the development of experimental autoimmune encephalomyelitis. 

J Immunol. 2006;177:566-73. 

 

Korn T, Reddy J, Gao W, Bettelli E, Awasthi A, Petersen TR, et al. Myelin-specific 

regulatory T cells accumulate in the CNS but fail to control autoimmune inflammation. 

Nat Med. 2007;13:423-31. 

 

Krakauer T. Immune response to staphylococcal superantigens. Immunol Res. 

1999;20:163-73. 

 

Langrish CL, Chen Y, Blumenschein WM, Mattson J, Basham B, Sedgwick JD, et al. 

IL-23 drives a pathogenic T cell population that induces autoimmune inflammation. J 

Exp Med. 2005;201:233-40. 

 

Larkin EA, Carman RJ, Krakauer T, Stiles BG.Staphylococcus aureus: the toxic 

presence of a pathogen extraordinaire. Curr Med Chem. 2009;16:4003-19. 



                                                                                                                                                Referências     42 

 

 

 

Lee YK, Turner H, Maynard CL, Oliver JR, Chen D, Elson CO, et al. Late 

developmental plasticity in the T helper 17 lineage. Immunity. 2009;30:92-107. 

 

Libbey JE, Fujinami RS. Experimental autoimmune encephalomyelitis as a testing 

paradigm for adjuvants and vaccines. Vaccine. 2011; 29:3356-62. 

 

Lin YT, Wang CT, Lee JH, Chu CY, Tsao WC, Yang YH, et al. Higher Bcl-2 levels 

decrease staphylococcal superantigen-induced apoptosis of CD4+ T cells in atopic 

dermatitis. Allergy. 2007;62:520-6. 

 

Lina G, Bohach GA, Nair SP, Hiramatsu K, Jouvin-Marche E, Mariuzza R; et al. 

Standard nomenclature for the superantigens expressed by Staphylococcus. J Infect 

Dis. 2004;15;189:2334-6. 

 

Link H, Xiao B. Rat models as tool to develop new immunoterapies. Immunol Rev. 

2001;184:117-28. 

 

Mantis NJ. Vaccines against the category B toxins: Staphylococcal enterotoxin B, 

epsilon toxin and ricin. Adv Drug Deliv Rev. 2005; 57:1424-39. 

 

Matusevicius D, Kivisäkk P, He B, Kostulas N, Ozenci V, Fredrikson S, et al. 

Interleukin-17 mRNA expression in blood and CSF mononuclear cells is augmented 

in multiple sclerosis. Mult Scler. 1999;5:101-4. 

 

McCormick JK, Yarwood JM, Schlievert PM. Toxic shock 

syndrome and bacterial superantigens: an update. Annu Rev Microbiol. 2001;55:77-

104. 

 

McGeachy MJ, Stephens LA, Anderton SM. Natural recovery and protection from 

autoimmune encephalomyelitis: contribution of CD4+CD25+ regulatory cells within 

the central nervous system. J Immunol. 2005;175:3025–32. 

 



                                                                                                                                                Referências     43 

 

 

 

Mollick JA, Cook RG, Rich RR. Class II MHC molecules are specific receptors for 

staphylococcus enterotoxin A. Science. 1989;244:817-20. 

 

Montoya M. & Gouaux E.: β-barrel membrane protein foding and structure viewed 

through the lens of α-hemolysin. Biochim. Biophys. Acta 2003;1609:19-27.  

 

Mucida D, Park Y, Cheroutre H. From the diet to the nucleus: vitamin A and TGF-

beta join efforts at the mucosal interface of the intestine. Semin Immunol. 

2009;21:14-21. 

 

Mulvey MR, Doupe M, Prout M, Leong C, Hizon R, Grossberndt A, et al. 

Staphylococcus aureus harbouring Enterotoxin A as a possible risk factor for multiple 

sclerosis exacerbations. Mult Scler. 2011; 17:397-403. 

 

Murdoch C. & Finn A. Chemokine receptors and their role in inflammation and 

infectious diseases. Blood 2002;95:3032-3043.  

 

Ortega E, Abriouel H, Lucas R, Gálvez A. Multiple roles of Staphylococcus 

aureus enterotoxins: pathogenicity, superantigenic activity, and correlation to 

antibiotic resistance.Toxins (Basel). 2010;2:2117-31.  

 

Ozdemir C, Akdis M, Akdis CA. T regulatory cells and their counterparts: masters of 

immune regulation. Clin Exp Allergy. 2009;39:626-39. 

 

Palmqvist N, Foster T, Tarkowski A, Josefsson E. Protein A is a virulence factor in 

Staphylococcus aureus arthritis and death. Microb Pathog. 2002;33: 239-49. 

 

Rajagopalan G, Smart MK, Murali N, Patel R, David CS. Acute systemic immune 

activation following vaginal exposure to staphylococcal enterotoxin B--implications for 

menstrual shock. J Reprod Immunol. 2007;73:51-9.  

 



                                                                                                                                                Referências     44 

 

 

 

Rellahan BL, Jones LA, Kruisbeek AM, Fry AM, Matis LA. In vivo induction of anergy 

in peripheral V beta 8+ T cells by staphylococcal enterotoxin B. J Exp Med. 

1990;172:1091-100. 

 

Rooijakkers SH, Ruyken M, Roos A, Daha MR, Presanis JS, Sim RB, et al. Immune 

evasion by a staphylococcal complement inhibitor that acts on C3 convertases. Nat 

Immunol. 2005; 6: 920-7. 

 

Russell JK, Pontzer CH, Johnson HM. Both alpha-helices along the major 

histocompatibility complex binding cleft are required for staphylococcal enterotoxin A 

function. Proc Natl Acad Sci U S A. 1991;88:7228-32. 

 

Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. Immunologic self-tolerance 

maintained by activated T cells expressing IL-2 receptor alpha-chains (CD25). 

Breakdown of a single mechanism of self-tolerance causes various autoimmune 

diseases. J Immunol. 1995;155:1151-64. 

 

Sakiniene E, Tarkowski A. Low molecular weight heparin aggravates infectious 

arthritis triggered by Staphylococcus aureus. J Orthop Res. 2002;20:198-203 

 

Schiffenbauer J, Johnson HM, Butfiloski EJ, Wegrzyn L, Soos JM. Staphylococcal 

enterotoxins can reactivate experimental allergic encephalomyelitis. Proc Natl Acad 

Sci U S A. 1993;90:8543-6. 

 

Shevach EM. CD4+ CD25+ suppressor T cells: more questions than answers. Nat 

Rev Immunol. 2002; 2:389-400. 

 

Silberberg DH. Doenças Desmielinizantes. In: Wyngaarden JB, Smith LH, Bennett 

JC (19 ed.) Cecil: Tratado de Medicina Interna. Rio de Janeiro;1992;2243-49.  

 

Soos JM, Hobeika AC, Butfiloski EJ, Schiffenbauer J, Johnson HM. Accelerated 

induction of experimental allergic encephalomyelitis in PL/J mice by a non-V beta 8-

specific superantigen. Proc Natl Acad Sci U S A. 1995;92:6082-6. 



                                                                                                                                                Referências     45 

 

 

 

Soos JM, Schiffenbauer J, Johnson HM. Treatment of PL/J mice with the 

superantigen, staphylococcal enterotoxin B, prevents development of experimental 

allergic encephalomyelitis. J Neuroimmunol. 1993;43:39-43. 

Sospedra M, Martin R. Immunology of multiple sclerosis. Annu Rev Immunol. 

2005;23:683-747. 

 

Steinman L. Multiple Sclerosis: a two-stage disease. Nature Immunology. 

2001;2:762–4. 

 

Stinissen P, Vandevyver C, Raus J, Zhang J. Superantigen reactivity of gamma delta 

T cell clones isolated from patients with multiple sclerosis and controls. Cell Immunol. 

1995;166:227-35. 

 

Swaminathan S, Furey W, Pletcher J, Sax M. Crystal structure of staphylococcal 

enterotoxin B, a superantigen. Nature. 1992;359:801-6.  

 

't Hart BA, Gran B, Weissert R. EAE: imperfect but useful models of multiple 

sclerosis. Trends Mol Med. 2011;17:119-25. 

 

Tang Q, Henriksen KJ, Bi M, Finger EB, Szot G, Ye J, et al. In vitro-expanded 

antigen-specific regulatory T cells suppress autoimmune diabetes. J Exp Med. 

2004;199:1455-65. 

 

Trülzsch K, Rinder H, Trcek J, Bader L, Wilhelm U, Heesemann J. 

"Staphylococcus pettenkoferi," a novel staphylococcal species isolated from clinical 

specimens. Diagn Microbiol Infect Dis. 2002 43:175-82. 

 

Venken K, Hellings N, Hensen K, Rummens JL, Medaer R, D’Hooghe M, et al. 

Secondary progressive in contrast to relapsing-remitting multiple sclerosis patients 

show a normal CD4+CD25+ regulatory T-cell function and FOXP3 expression. J 

Neurosci Res. 2006;83:1432-46. 

 



                                                                                                                                                Referências     46 

 

 

 

Vignali DA, Collison LW, Workman CJ. How regulatory T cells work. Nat Rev 

Immunol. 2008;8:523-32. 

 

Watkins RR, David MZ, Salata RA. Current concepts on the virulence mechanisms of 

meticillin-resistant Staphylococcus aureus. J Med Microbiol. 2012;61:1179-93. 

Workman CJ, Szymczak-Workman AL, Collison LW, Pillai MR, Vignali DA. The 

development and function of regulatory T cells. Cell Mol Life Sci. 2009;66:2603-22. 

 

World Health Organization [homepage on the internet]. Neurological disorders a 

public health approach. Geneva: WHO; 2006 [sited 2008/10/06]. Available 

from:http://www.who.int/mental_health/neurology/chapter_3_a_neuro_disorders_publ

ic_h_challenges.pdf 

 

Xu SX, McCormick JK. Staphylococcal superantigens in colonization and disease. 

Front Cell Infect Microbiol. 2012;2:52. 

 

Zehn D, Bevan MJ, Fink PJ. Cutting edge: TCR revision affects predominantly Foxp3 

cells and skews them toward the Th17 lineage. J Immunol. 2007;179:5653-7. 

 

Zhang J, Vandevyver C, Stinissen P, Mertens N, van den Berg-Loonen E, Raus J. 

Activation and clonal expansion of human myelin basic protein-reactive T cells by 

bacterial superantigens. J Autoimmun. 1995;8:615-32. 

 

Zhang X, Koldzic DN, Izikson L, Reddy J, Nazareno RF, Sakaguchi S, et al. IL-10 is 

involved in the suppression of experimental autoimmune encephalomyelitis by 

CD25+CD4+ regulatory T cells. Int Immunol. 2004;16:249-56. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Objetivos 



                                                                                                                                                    Objetivos     48 

 

 

 

3 – OBJETIVOS 

  

3.1 – Objetivo Geral 

Avaliar o efeito da infecção com diferentes cepas toxigênicas de S. aureus 

nas características clínicas, imunológicas e histopatológicas da EAE.  

 

3.2 – Objetivos Específicos 

 

1- Avaliar o efeito da infecção prévia com uma cepa de S. aureus produtora de       

TSST-1 e outra cepa não produtora de toxinas no desenvolvimento da EAE (fase 

crônica da doença). 

2- Avaliar o efeito da infecção prévia com uma cepa de S. aureus produtora de 

TSST-1 e outra não produtora de toxinas no desenvolvimento da EAE (fase aguda 

da doença). 

3- Avaliar o efeito da infecção prévia com uma cepa de S. aureus produtora de SEB 

no desenvolvimento da EAE (fase aguda da doença). 
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4 – RESULTADOS E DISCUSSÃO 

 Os resultados e a discussão dos dados obtidos encontram-se apresentados 

na forma de artigos científicos. 

 

4.1- Artigo científico I: Staphylococcus aureus invades the brain but does not 

worsen experimental encephalomyelitis in C57BL/6 mice 

 

4.2- Artigo científico II: Ability of Staphylococcus aureus to suppress Experimental 

Autoimmune Encephomyelitis is more accentuated in a TSST-1-positive strain 

 

4.3- Artigo científico III: Previous infection with enterotoxin B-positive S. aureus 

strain decreases severity of encephalomyelitis in mice 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Artigo Científico I 



                                                                                                                                     Artigo Científico I     52 

 

 

 

4.1 – Artigo científico I: Staphylococcus aureus invades the brain but does not 

worsen experimental encephalomyelitis in C57BL/6 mice 
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Abstract 

Staphylococcus aureus has been linked to autoimmune diseases mainly by its ability 

to secrete superantigens (SAgs). In this work we compared 2 S. aureus strains in 

terms of their infectivity to C57BL/6 mice and also their effect on experimental 

autoimmune encephalomyelitis (EAE). Initially C57BL/6 female mice were infected 

with S. aureus ATCC 51650 (TSST-1+) or ATCC 43300 (TOX-). Both infections 

caused bacteremia that was associated with weight loss and high seric levels of IFN-

γ. Both strains reached the brain but only TOX- strain caused brain inflammation. We 

then tested the effect of these 2 strains on EAE progression. For this, C57BL/6 mice 

were infected and 3 days later they were submitted to EAE induction by immunization 

with MOG associated with Complete Freund Adjuvant (CFA). Both infections clearly 

affected EAE development. In previous infected mice the paralysis was less severe 

and disease incidence was also smaller. This protective effect was also associated 

with a less intense inflammation in the brain. Previous infection determined 

immunomodulation in cytokine production by both, local (central nervous system) and 

peripheral (spleen cells) cultures. These findings indicate that previous infection with 

these 2 S. aureus strains reached the brain but did not increased the severity of EAE. 

Key-words: Staphylococcus aureus, superantigen, TSST-1, experimental 

autoimmune encephalomyelitis, inflammatory infiltrate 

 

Introduction 

Multiple sclerosis (MS) is a chronic neurological disease that is characterized by 

inflammation, demyelination and also by axonal deterioration (Constantinescu et al., 

2011; Comabelle & Khoury, 2012). Although the etiology of MS is still unknown, 

many reports point towards a very prominent role of the immune system in the 
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pathogenesis of this disease (Hemmer et al., 2006). Th1 (IFN-γ producing CD4+ T 

cells) and Th17 (IL-17 producing CD4+ T cells) are considered to perform a critical 

role on the development of this disease (Chen et al., 2012). Much of the available 

knowledge on MS is coming from its corresponding model designated experimental 

autoimmune encephalomyelitis (EAE). Even though EAE is considered a complex 

model, it is widely accepted that in terms of immuno and neuropathological 

mechanisms it resembles much of the inflammation, demyelination, axonal loss and 

gliosis that characterize MS (Mix et al., 2010; Constantinescu et al., 2011). In 

addition to genetic factors, environmental circumstances play a major role on 

autoimmunity triggering. Special emphasis is being given to the contribution of 

infections by virus, bacteria and other pathogens (Delogu et al., 2011). Mechanisms 

by which an infection can lead to an autoimmune pathology have been extensively 

investigated in experimental models. Briefly, the main mechanisms for activation of 

self-reactive T and B lymphocytes during infections include molecular mimicry, 

activation of autoreactive T cells by bacterial or viral superantigens (SAgs), enhanced 

processing and presentation of self-antigens, bystander activation at inflammatory 

sites and lymphocyte activation by lymphotropic viruses (Wucherpfennig, 2001). 

Staphylococcus aureus has been linked to autoimmune diseases mainly through its 

ability to produce superantigens (Sags). S. aureus enterotoxins (A, B, C, D, E and 

Toxic shock syndrome toxin 1) are the prototypic SAgs and were the first molecules 

of this family to be more deeply characterized (Torres et al., 2001). SAgs bind directly 

to MHC class II molecules on the surface of antigen presenting cells being this 

binding at a site outside the antigen-binding groove (Russell et al., 1990). This 

complex MHC/SAgs is able to directly interact with the beta chain (vβ) of the T cell 

receptor on T cells. This interaction is followed by T cell activation (Callahan et al., 
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1990). As is well known there are many distinct vβ families. Interestingly, different 

SAgs bind and activate different vβ subsets. For exemple, TSST-1 from S. aureus 

interacts with human T cells bearing vβ 2 whereas staphylococcal enterotoxin B 

(SEB) activates human T cells expressing vβ 3, 12, 14, 15, 17 and 20 (Marrack et al., 

1990). The contribution of S. aureus TSST-1 to MS or EAE development is not 

thoroughly investigated. Zhang et al., 1995, evaluated the reactivity of myelin specific 

T cells, obtained from MS patients and also healthy donors, to SEA, SEB and TSST-

1. The majority of the clones responded to at least one of the tested SAgs. The 

clones reactive to SEA and SEB expressed various vβ genes whereas T cell clones 

reactive to TSST-1 correlated with the vβ 2 expression. In this context, the main 

objectives of this study are to compare 2 S. aureus strains in terms of infectivity to 

C57BL/6 mice and also their effect on EAE development. The main difference 

between the strains is that one of them produces TSST-1 whereas the other does not 

produce any SAg.  

 

Material and Methods 

Experimental design 

In the first step of this work C57BL/6 mice were infected with S. aureus strains ATCC 

51650 (TSST-1+) or ATCC 43300 (TOX-) and the presence of bacteria and IFN-γ 

seric levels were tested 6 and 24 hours and also 3 and 7 days after infection. 

Fourteen days after infection the animals were perfused and the presence of bacteria 

and inflammatory infiltrates were evaluated in the brain. In the second step, we 

tested the effect of previous infection with these 2 strains on EAE development. 

C57BL/6 mice were then infected and 3 days later they were submitted to EAE 

induction by immunization with MOG emulsified with complete Freund’s adjuvant 
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(CFA). The effect in EAE development was evaluated by clinical follow-up (weight 

variation and clinical score) and also by histopathological analysis of the brain. The 

immunoregulatory effect of the infection was checked by cytokine production by 

spleen cells and also by cells isolated from the CNS stimulated with MOG or 

Staphylococcus aureus Cowan I (SAC). 

Animals 

Female C57BL/6 mice (4-6 weeks old) were purchased from CEMIB (UNICAMP, São 

Paulo, SP, Brazil). The animals were fed with sterilized food and water ad libitum and 

were manipulated in accordance with the ethical guidelines adopted by the Brazilian 

College of Animal Experimentation. All experimental protocols were approved by the 

local Ethics Committee (Ethics Committee for Animal Experimentation, Bioscience 

Institute, Univ. Estadual Paulista). 

Bacterial suspension 

Two Staphylococcus aureus strains obtained from the American Type Culture 

Collection (ATCC) were used in this work. The ATCC 51650 strain is characterized 

by TSST-1 production while the ATCC 43300 does not produce any toxin. These 

strains were cultured and incubated at 37°C for 24h. Isolated colonies were 

inoculated into brain heart broth (BHI, Merck) and incubated at 37°C for 24h. Bacteria 

were collected by centrifugation, washed three times and resuspended in cold sterile 

saline as previously described by França et al., 2009. The bacterial suspension was 

spectrophotometrically adjusted to 0.3 at 520 nm, as described by Nakane et al., 

1996. The animals were infected by intraperitoneal route with 300µl of the bacteria 

suspension containing 107-1012 CFU/ml.  
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Quantification of bacteria 

Bacteria were quantified in the blood by determining the number of colony forming 

units (CFU) and also by PCR. CFU were directly determined in blood samples that 

were inoculated in baird parker agar and incubated at 37°C. The number of CFU was 

stimated by standard plating procedures. For PCR analysis, blood samples were  

inoculated in brain heart infusion (BHI) broth (hemoculture) and incubated for 7 days 

at 37°C. DNA was then extracted using the GFX kit (Amersham Pharmacia Biotech) 

as described by Pereira et al., 2009. PCR was carried out in 0.5 ml microcentrifuge 

tubes in a total volume of 25 µl containing 1 µM of each primer, 2.0 U Taq 

polymerase, 100 µM deoxyribonucleotide triphosphates, and 150 µg nucleic acid. 

The two S. aureus-specific primers were used: Sa442-1 (5’-AAT CTT TGT CGG TAC 

ACG ATA TTC TTC ACG-3’) and Sa442-2 (5'-CGT ATT GAG ATT TCA GTA GAT 

AAT ACA ACA-3’. The size of the amplified product is 102 bp. PCR was carried out 

in an appropriate thermocycler using the following parameters as described by 

Martineau et al., 1998, 3 min at 96°C and then 30 or 40 cycles of 1 second at 95°C 

for the denaturation step and 30 seconds at 55°C for the annealing-extension step. 

The efficiency of the amplification reactions was evaluated by electrophoresis on 2% 

agarose gel prepared in 0.5X TBE buffer and stained with ethidium bromide. The size 

of the amplified products was compared with the 100-bp standard and the gels were 

photographed under UV illumination. 

EAE induction 

MOG35–55 peptide (MEVGWYRSPFSRVVHLYRNGK) was synthetized by 

Proteimax, São Paulo, Brazil. EAE was induced as previously described (Peron et 

al., 2010). Briefly, mice were immunized subcutaneously with 150µg of MOG35–55 

peptide emulsified with CFA containing 400 µg of BCG. Mice also received 2 doses, 
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0 and 48 h after immunization, of 200 ng of Bordetella pertussis toxin (Sigma) 

intraperitoneally. Animals were daily inspected and disease intensity was graded as: 

0 - no disease, 1 - limp tail, 2 - weak/partially paralyzed hind legs, 3 - completely 

paralyzed hind legs, 4 - complete hind and partial front leg paralysis, 5 - complete 

paralysis/ death. 

Isolation of mononuclear cells infiltrated in the CNS 

Mice were anesthetized with ketamine/xylazine and perfused with 10 mL of saline 

solution. Brain and cervical spinal cords were excised, macerated and maintained in 

4 mL of RPMI (Sigma) supplemented with 2.5% collagenase D (Roche®) at 37°C, 

5% CO2 incubator. 45 min later suspensions were washed in RPMI and centrifuged 

at 450xg for 15 min at 4°C. Cells were then resuspended in percoll (GE Healthcare) 

37% and gently laid over percoll 70% in tubes of 15 mL. The tubes were centrifuged 

at 950xg for 20 min with centrifuge breaks turned off. After centrifugation the ring 

containing mononuclear cells was collected, washed in RPMI and centrifuged at 

450xg for 5 min. Cellular pellets were then resuspended in complete RPMI medium 

and adjusted 2x105 cells/ml. Cytokine levels were evaluated 48 hours by enzyme-

linked immunosorbent assay (ELISA) in supernatants  from cultures stimulated in 

vitro with MOG (50µg/ml) and SAC (1/2500). IFN-γ and IL-10 BD OptEIA Sets 

(Becton Dickinson) and IL-17 Duoset (R&D Systems, Minneapolis, MN, USA) were 

performed according to the manufacturer’s instruction.  

Spleen cell cultures 

Mice were submitted to EAE induction and evaluated 19 days after. Spleen cells 

were collected and adjusted to 5x106 cells/ml. Cells were cultured in complete RPMI 

medium (RPMI supplemented with 5% of fetal calf serum - FCS, 20mM glutamine 

and 40 IU/ml of gentamicin) in the presence of MOG (20 µg/ml) or SAC 
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(PANSORBIN®, EMD) (1/2500). Cytokine levels were evaluated 48 h later by 

enzyme-linked immunosorbent assay (ELISA) in culture supernatants the kits 

described above.  

Evaluation of inflammatory infiltrates in the CNS  

Histological analysis was performed in the brain during 2 time periods: 14th in 

infected animals and 19th day in animals with EAE that were previously infected. After 

euthanasia and blood withdrawal, brain samples were removed and fixed in 10% 

formaldehyde. Tissues were dehydrated in graded ethanol and embedded in a 100% 

paraffin block. Five micron thick sections were mounted over glass slides, stained 

with hematoxylin and eosin and then analyzed with a Nikon microscope. Presence of 

bacteria in the brain was evaluated in brain imprints submitted to Gram staining. 

Statistical analysis 

Data were expressed as mean ± SE. Comparisons between groups were made by 

one way ANOVA with post-hoc Holm-Sidak method for parameters with normal 

distribution, and by Kruskal-Wallis post-hoc Dunn´s method or Tukey test for 

parameters with non-normal distribution. The disease incidence was evaluated by 

Chi-square test (p=0,008). Significance level was p<0.05. Statistical analysis was 

accomplished with SigmaStat for Windows v 3.5 (Systat Software Inc).  

 

Results 

Bacterial recovery from C57BL/6 mice infected with S. aureus strains 

Bacterial recovery from blood samples was analyzed by PCR and CFU. PCR assay 

was initially performed with DNA directly extracted from blood samples. As they 

resulted negative they were carried out again from hemocultures of the infected 

animals. PCR was done with a genus primer identified as SA442 that allows the 
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production of a 102bp band that was present in all samples collected 6 and 24 hours 

after infection in comparison to a control sample collected from a normal mouse 

(sample 16 in the picture), as shown in figure 1a. However, this band was not found 

in samples obtained 3 and 7 days after infection (not shown). The presence of 

bacteria was also checked by determination of CFU directly from blood samples. As 

shown in figure 1b, the two strains were isolated from blood after 6 and 24 hours and 

also after 3 and 7 days of infection. 

Weigth loss and IFN-gamma seric levels in infected mice 

As can be observed in figure 2a, animals infected with anyone of the two strains lost 

body weight. This loss was more accentuated during the 2nd and 3th days of infection. 

Six to 7 days after infection the animals already recovered their original weight. The 

highest percentage of weight loss presented by each strain is illustrated in figure 2b. 

No IFN-γ was detected in blood samples from non-infected mice (not shown). 

Analysis made 6 hours after infection showed that IFN-γ levels were significantly 

higher in TSST-1+ infected mice in comparison to TOX- infected ones. However, the 

levels of this cytokine were similar at the other time periods of evaluation (24h, 3 and 

7 days). IFN-γ production steadly decayed from 24h to 7 days. These results can be 

observed in figure 2c.  

Presence of S. aureus and inflammatory infiltrates in the brain 

Fourteen days after i.p. infection mice were perfused with buffered saline solution to 

exclude blood from the CNS. Brain imprints stained with GRAM showed structures 

very similar to GRAM positive bacteria in TSST-1+ infected (figure 3c and d) and also 

in TOX- (figure 3e and f) infected animals. These structures were not found in non-

infected mice (figure 3a and b). Even though typical of S. aureus growth, these 

structures seemed partially destroyed. In brain sections stained with H&E there were 
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no signs of inflammation in normal (figure 4a and b) and also in mice previously 

infected with the TSST-1 strain (figure 4c and d). Contrarily, an exuberant 

inflammatory infiltrate was detected in mice infected with the TOX- strain (figure 4e 

and f). 

Acute disease is reduced by previous infection   

The EAE control group comprising C57BL/6 mice immunized with MOG showed, as 

expected, a very elevated degree of paralysis.  These animals reached an average 

clinical score of 2.5 at the peak of the disease that occurred around days 16 and 17 

after EAE induction. Previous infection with both strains clearly reduced these clinical 

scores being the effect of the TSST-1+ strain more accentuated. These findings can 

be observed at figure 5a and b. Disease incidence followed this same pattern. At day 

19 disease incidence was 92, 69 and 33% in EAE, TOX-/EAE and TSST-1+/EAE 

groups, respectively, as showed in table 1.  

Inflammation at the brain during the acute phase 

The degree of brain inflammation was visually inspected. As shown in figure 6b, a 

conspicuous inflammation with the characteristic perivascular localization was 

observed in the EAE control group. Infection with both S. aureus strains before EAE 

induction determined a partial reduction in inflammation as shown in figures 6c and 

6d for TSST-1+ and TOX-, respectively. No inflammatory infiltrates were observed in 

control normal animals (figure 6a). 

Cytokines production 

Stimulation with MOG determined similar cytokine profiles in cultures from spleen 

and CNS infiltrating cells. Previous infections with S. aureus strains did not change 

IFN-γ and IL-10 production. However, the production of IL-17 was lower in previously 

infected animals. Even though both strains downmodulated the production of this 
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cytokine, only animals infected with the TOX- strain showed a significant decrease in 

IL-17 production. In spleen cell cultures stimulated with SAC, production of IFN-γ and 

IL-10 was higher in mice previously infected and IL-17 production was lower in mice 

infected with TOX- strain (figure 8). In CNS infiltrating cell cultures stimulated with 

SAC, production of IFN-γ was also higher in previously infected mice (figure 7). In 

these conditions there was no difference in IL-17 production and the levels of IL-10 

were lower in previously infected mice, even though without statistical difference. 
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Figure 1: Bacterial recovery in C57BL/6 mice infected with S. aureus. PCR 

analysis in hemoculture samples evaluated 6h after infection (a). Non infected 

animals (1-3), infected with S. aureus TSST-1+ (4-6) and infected with S. aureus 

TOX- (7-9). PCR analysis in hemoculture samples evaluated 24h after infection. 

Animals infected with S. aureus TSST-1+ (10-12) and infected with S. aureus TOX- 

(13-15) in comparison to positive control (16) and negative control (H2O - 17). CFU 

determination in blood samples from animals infected with different S. aureus strains 

(b). 
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Figure 2: Body weight and IFN-γγγγ seric levels in C57BL/6 mice infected with S. 

aureus strain. C57BL/6 were infected with 2 distinct S. aureus strains by i.p. route. 

Body Weight was daily evaluated (a); weight variation at 2nd day (b). IFN-γ levels 

evaluated during in different periods (c). Data were presented by mean±SE of 4-10 

mice and representative of two independent experiments, p<0.05. 
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Figure 3: Dissemination of S. aureus to the brain. C57BL/6 mice were submitted 

to infection with 2 distinct S. aureus strains. The presence of bacteria in the brain 

was analysed in brain imprints stained with Gram. Non-infected mice (a, b), mice 

infected with TSST-1+ (c, d) and mice infected with TOX- (e, f) were evaluated 14 

days after of infection. Pane shows samples obtained from 2 animals. Other mice 

from each showed similar results. 
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Figure 4: Brain histopathological analysis in mice infected with S. aureus 

strains. C57BL/6 mice were infected with S. aureus TSST-1+ strain and S. aureus 

TOX- strain. Fourteen days after infection, the brain were colleted and sections were 

stained with H&E. Normal non-infected mice (a, b), mice previously infected with 

TSST-1+ strain (c, d) and mice infected with TOX- strain (e, f). Panel shows samples 

obtained from 2 animals. Other mice from each group presented similar results.  
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Figure 5: Effect of previous infection with S. aureus on EAE development.  

C57BL/6 mice were infected 3 days before EAE induction. Clinical scores daily 

evaluated (a) and maximum clinical score (b). Data were presented by mean±SE of 

5-7 mice and representative of two independent experiments, p<0.05. 

 

 

 

 

 

 

 

 

 

 
Number of sick 

animals 
Percentage of sick 

animals (%) 
p 

EAE (n=13) 12/13 92 p= 0,008 

TSST-1+/EAE (n=12) 4/12 33  

TOX-/EAE (n=13) 9/13 69  

a b a 

b 
b 

Table 1: Disease incidence in mice submitted to EAE induction (%) 
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Figure 6: Brain inflammation in mice with EAE: effect of previous infection with 

S. aureus strains. C57BL/6 mice were infected with S. aureus strains and 3 days 

later they were submitted to EAE induction. Brain histopathology was analysed 

during the acute phase. Sample from normal mice (a); sample from mice with EAE 

(b); sample from mice infected with TSST-1+ strain before EAE induction (c) and 

sample from mice infected with TOX- strain before EAE induction (d). Panel shows 

samples from one animal from each group. 
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Figure 7: Cytokines produced by CNS cells in mice infected with S. aureus 

strain before EAE induction. C57BL/6 mice were infected with S. aureus strains 

and 3 days later they were submitted to EAE induction. Cytokine production by CNS 

infiltrating cells was tested 19 days after EAE induction. IFN-γ (a), IL-17 (c) and IL-10 

(e) in cultures stimulated with MOG; IFN-γ (b), IL-17 (d) and IL-10 (f) in cultures 

stimulated with SAC. Data were presented by mean±SE of 5-7 mice, p<0.05. 
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Figure 8: Cytokines produced by spleen cells in mice infected with S. aureus 

strain before EAE induction. C57BL/6 mice were infected with S. aureus strains 

and 3 days later they were submitted to EAE induction. Cytokine production by 

spleen cells was tested 19 days after EAE induction. IFN-γ (a), IL-17 (c) and IL-10 (e) 

in cultures stimulated with MOG; IFN-γ (b), IL-17 (d) and IL-10 (f) in cultures 

stimulated with SAC. Data were presented by mean±SE of 5-7 mice, p<0.05. 
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Discussion 

Experimental autoimmune encephalomyelitis (EAE) is one of the best studied 

autoimmunity models. As a model for multiple sclerosis (MS), it mimicrs the 

autoimmune attack against myelin that characterizes this disease (Constantinescu et 

al., 2011). Multiple factors are thought to contribute to generation of immune 

response against self-components, including differences in the genetic background, 

hormonal milieu and environmental factors. Among the environmental factors known 

to play a role in autoimmunity, the most important seems to be infections with virus, 

bacteria or other pathogens (Striso et al., 2010). S. aureus is one of these infectious 

agents that has been linked to autoimmune induction (Torres & Johnson, 1998). S. 

aureus is characteristically able to synthesize a multitude of virulence factors, 

including many toxins (Xu & McComirck, 2012). It can, for example, produce 

superantigens (SAgs) that are able to activate, non-specifically, CD4+ T cells reactive 

to myelin (Zhang et al., 1995; Mulvey et al., 2010). In addition, it has been recently 

described that S. aureus is capable to cross the blood-brain barrier (Sheen et al., 

2010). In this context, we asked if SAgs production affects both, the ability to reach 

the brain and the effect on EAE development. To do this investigation we selected 

two S. aureus strains: the ATCC 51650 strain that is characterized by the production 

of TSST-1 but not of other SAgs and the ATCC 43300 that is described as not able to 

produce any type of toxin. Then, we initially infected C57BL/6 female mice to 

evaluate the presence of these bacteria in the blood. Bacteremia was checked by 

both, PCR employing a staphylococcus genus primer and determination of the 

number of colony forming units (CFU) in blood samples. Considering the two 

methodologies, both strains caused bacteremia. Even though PCR was expected to 

be more sensitive, it detected bacterial DNA only at the beginning (6 and 24h) of the 
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infection. On the other hand, the classical CFU methodology revealed presence of 

both strains in all evaluated periods. These results together with weight loss indicated 

that both S. aureus strains were able to cause an experimental infection. These 

results are similar to the ones described by Gjertsson et al., 2012 that demonstrated 

that mice intravenously inoculated with wild-type S. aureus strain RN4220 also lost a 

significantly amount of weight. Even though body weight loss was more accentuated 

in TSST-1+ strain, blood bacterial load was comparable in both infections, during all 

periods of evaluation. In spite of being equally infective, these two strains elicited 

different amounts of IFN-γ production in vivo. Six hours after infection, the level of this 

cytokine was much higher in TSST-1+ infected mice. As IFN-γ is described as one of 

the cytokines preferentially induced by TSST-1 in both, humans (Pichereau, 2012) 

and mice (Kageyama et al., 2001), we attributed this higher IFN-γ level to TSST-1 

secretion. This possibility is supported by the work of Gjertsson et al., 2003. These 

authors demonstrated that TSST-1 acts as the most potent restimulator of IFN-γ 

production in vitro. To evaluate if these strains were able to again access to the CNS, 

we looked for S. aureus in brain imprints and homogenates. These tests were done 

14 days after initial infection; animals were submitted to perfusion to exclude a 

possible contamination of the brain with blood. Even though no bacteria was 

recovered from brain homogenates, clusters of grape like structures were visualized 

in imprints from infected but not normal animals. These findings need confirmation 

but they suggest that both bacterial strain are reaching the CNS as has alredy being 

described in humans (Sheen et al., 2010) and mice (Lo et al., 1994). A recent 

publication highlighted the mechanism of this brain penetration by showing with in 

vitro experiments that lipoteichoic acid mediated penetration in human brain 
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microvascular endothelial cells (Sheen et al., 2010). Interestingly, the observed 

aggregates in brain imprints seemed to have a lot of cellular debris what could 

suggest that they are formed by alive and dead bacteria and also by apoptotic debris 

from infected fagocytic cells (Fraunholz & Sinha, 2012). Brain sections stained with 

H&E showed inflammatory infiltrates in the TOX- infected animals but in the TSST-1+ 

infected ones. The morphological appearance of the majority of infiltrated cells 

suggest that they were polymorphonuclear cells. Additional studies will be necessary 

to confirm both, the presence of bacteria in the brain and also this differential ability 

to induce inflammation in the brain. In addition, we cannot exclude that these S. 

aureus strains present a differential inflammatory kinectics in the brain. To test their 

effect on EAE progression, mice were initially infected with S. aureus strains and 

then submitted to EAE induction. We would like to highlight that encephalomyelitis 

was induced at the third day of infection, i. e, when bacteria was still present in blood 

circulation. Both strains were able to significantly decrease the maximum clinical 

scores and therefore, they were able to decrease the encephalomyelitis severity. 

Nonetheless, the TSST-1 strain was endowed with a more powerful protective ability 

being able to also significantly decrease disease incidence. To try to get some insight 

in this protective mechanism we evaluated cytokine production by both, CNS isolated 

mononuclear cells and spleen cells restimulated in vitro with MOG and SAC. 

Considering cytokine induced by SAC, we observed that specific cells were highly 

expanded at the periphery. Some of these cells reached the CNS in both strains, as 

can be implied from IFN-γ levels in CNS cells stimulated with SAC. This elevated 

local IFN-γ production could be responsible for apoptosis of encephalytogenic T cell 

clones as described by Quin et al., 2004. In this scenario we could imagine that IFN-γ 



                                                                                                                                     Artigo Científico I     75 

 

 

 

is determining apoptosis of Th17 cells as suggested by the lower level of this 

cytokine in CNS cells from previously infected animals. Very high IL-10 levels were 

induced by SAC in spleen cells from infected mice, however this was not associated 

with elevation of these cells in the CNS. These findings could suggest that the 

protective effect of S. aureus strains is not associated with migration of IL-10 

producer cells to the CNS. Alternatively, we could hypothesize that this massive 

peripheral IL10 disponibility is avoinding the activation of encephalytogenic T cells 

clones in the periphery. Cytokine evaluation did not allow, however, to explain the 

most evident protective effect of the TSST-1+ strain.  
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4.2 – Artigo científico II: Ability of Staphylococcus aureus to suppress Experimental 

Autoimmune Encephomyelitis is more accentuated in a TSST-1-positive strain 
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Abstract 

Bacterial superantigens are potent T cell activators that could non-specifically 

activate T cells with specificity for antigens of the central nervous system (CNS). In 

this study we compared the effect of 2 S. aureus strains on experimental 

autoimmune encephalomyelitis (EAE) development. C57BL/6 female mice were 

infected with S. aureus ATCC 51650 that produces TSST-1 (TSST-1+) and S. aureus 

ATCC 43300 that does not produce toxins (TOX-). Three days later these animals 

were submitted to EAE induction by immunization with myelin oligodendrocyte 

glycoprotein (MOG) emulsified in complete Freund’s adjuvant (CFA). Weigth 

variation, disease incidence and clinical score were daily recorded. Presence of 

inflammation in the CNS and cytokine production were evaluated during the chronic 

disease phase and inflammation and percentage of Foxp3+ regulatory T cells were 

assayed during the acute period of the disease. Previous infection with both bacteria 

strains decreased disease severity but the effect of the TSST-1+ strain was much 

more pronounced and associated with a striking reduction of inflammation in the CNS 

during the chronic disease phase. In MOG stimulated cultures there was a reduced 

production of IL-5 and IL-10 in the TOX- and TSST-1+ groups, respectively. In 

S.aureus stimulated cultures there was an increased production of IFN-γ, TNF-α and 

IL-10 in both infected groups and an increased level of IL-5 in TSST-1+ group. The 

frequency of Foxp3+ T cells was reduced in the TOX- group. These results indicated 

that previous infection with a S. aureus strain TSST-1+ was highly protective against 

EAE development, suggesting that this superantigen plays a major role in this effect.  

Key-words: S. aureus; superantigen; experimental autoimmune encephalomyelitis; 

regulatory T cells 
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Introduction 

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system 

(CNS) mainly mediated by T cells specific for myelin self-antigen. These autoreactive 

T cells generated in the periphery cross the blood-brain barrier and arrive to the brain 

parenchyma where they initiate an autoimmune attack to the myelin sheath (Mulvey 

et al., 2010; Constantinescu et al., 2011). MS has been histopathologycally 

characterized by four main findings: inflammation, demyelination, axonal damage 

and loss and gliosis. Much of the achieved knowledge in MS has been derived from 

studies in EAE. This experimental disease can be induced in a variety of animals, 

specially in rodents, providing models of acute monophasic, relapsing remitting and 

chronic progressive CNS inflammation (Constantinescu et al., 2011). Althoug many 

gaps still exist in the understanding of MS immunopathogenesis, it is widely believed 

that this complex pathology involves both host genetic and environmental factors 

(Mulvey et al., 2010). Infectious disease agents can modulate autoimmune diseases 

in many different ways, being able to trigger these pathologies or contrarily, to avoid 

their development (Sewel et al., 2002; Mix et al., 2010). S. aureus is one of the most 

prevalent pathogens in the human population and is mainly colonizing the anterior 

nares of 20-60% of the people. These Gram positive bacteria can cause superficial 

skin infections such as abcesses and impetigo, or serious invasive infections such as 

septic arthritis, osteomyelitis, endocarditis (Lowy, 1998; Peacock et al., 2001; Foster, 

2005) and food poisoning syndrome or foodborne outbreaks (Kérouanton et al., 

2007). The proteins secreted by S. aureus are importante virulence factors, including 

surface proteins that promote adhesion to damage tissue and to the surface of host 

cells (Foster & HooK, 1998), that bind proteins in blood to help evade immune 

responses, and that promote iron uptake (Skaar & Schneewund 2004). Most strains 
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express a polysaccharide capsule (O`Riordian & Lee, 2004). This microrganism can 

secrete an array of extracellular enzymes such as proteases, hyaluronidase, lipase, 

hemolysin and nuclease that facilitate tissue destruction and spreading, membrane 

damaging toxins that cause cytolytic effects on host cells and tissue damage (Dinges 

et al., 2000; Normanno et al., 2007). At present, 20 serologically distintc 

staphylococcus superantigens (Sags) have been described, comprising TSST-1, the 

enterotoxins A-E and G-J (Ortega et al., 2010). S. aureus SAgs are capable of 

activating T cells due to their ability to bind to both MHC class II molecules in antigen 

presenting cells and specific V-β regions of the T cell receptor (Krakauer, 1999; 

Mulvey et al., 2010). This activation results in exacerbation of the immune response 

with a polyclonal stimulation of T cells and an elevated production of proinflammatory 

cytokines (Larkin et al., 2009; Mulvey et al., 2010). Experimental and epidemiological 

evidences support the theory that SAgs producing S. aureus may be implicated in the 

genesis of MS (Brock et al., 1993; Schiffenbauer et al., 1993; mulvey et al., 2010). In 

this context, the main objective of this investigation was to evaluate the effect of a S. 

aureus TSST-1-positive strain on EAE development. 

 

Material and Methods 

Experimental design 

Mice were infected with S. aureus strains and 3 days later they were submitted to 

EAE induction by immunization with MOG in CFA. The effect of infection in EAE 

development was evaluated by clinical follow-up (weight variation and clinical score) 

and also by histopathological analysis of the CNS. The immunoregulatory effect of 

the infection was checked by cytokine production by spleen cells stimulated with 
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MOG or S. aureus Cowan I (SAC) and also by quantification of regulatory T cells in 

the spleen and CNS. 

Animals 

Female C57BL/6 mice (4-6 weeks old) were purchased from CEMIB (UNICAMP, São 

Paulo, SP, Brazil). The animals were fed with sterilized food and water ad libitum and 

were manipulated in accordance with the ethical guidelines adopted by the Brazilian 

College of Animal Experimentation. All experimental protocols were approved by the 

local Ethics Committee (Ethics Committee for Animal Experimentation, Bioscience 

Institute, Univ. Estadual Paulista). 

Bacterial suspension 

Two Staphylococcus aureus strains obtained from the American Type Culture 

Collection (ATCC) were used in this work. The ATCC 51650 strain is characterized 

by TSST-1 production (TSST-1+) while the ATCC 43300 does not produce any toxin 

(TOX-). These strains were initially cultured in blood agar and incubated at 37°C for 

24h. Isolated colonies were inoculated into brain heart broth (BHI, Merck) and 

incubated at 37°C for 24h. Bacteria were collected by centrifugation, washed three 

times and resuspended in cold sterile saline as previously described by França et al., 

2009. The bacterial suspension was spectrophotometrically adjusted to 0.3 at 520 

nm, as described by Nakane et al., 1996. The animals were infected by 

intraperitoneal route with 300µl of the bacterial suspension containing 107-

1012CFU/ml.  

EAE induction 

MOG35–55 peptide (MEVGWYRSPFSRVVHLYRNGK) was synthetized by 

Proteimax, São Paulo, Brazil. EAE was induced as previously described (Peron et 

al., 2010). Briefly, mice were immunized subcutaneously with 150µg of MOG35–55 
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peptide emulsified in CFA containing 400 µg of BCG. Mice also received 2 doses, 0 

and 48 h after immunization of 200 ng of Bordetella pertussis toxin (Sigma) 

intraperitoneally. Animals were daily inspected and disease intensity was graded as: 

0 - no disease, 1 - limp tail, 2 - weak/partially paralyzed hind legs, 3 - completely 

paralyzed hind legs, 4 - complete hind and partial front leg paralysis, 5 - complete 

paralysis/ death. 

Cell culture conditions and cytokine assay 

Animals were euthanized 30 days after EAE induction. Spleen cells were collected 

and adjusted to 5x106 cells/ml. Cells were cultured in complete RPMI medium (RPMI 

supplemented with 5% of fetal calf serum - FCS, 20mM glutamine and 40 IU/ml of 

gentamicin) in the presence of MOG (20 µg/ml) or SAC (PANSORBIN®, EMD) 

(1/2500). Cytokine levels were evaluated 48 h later by enzyme-linked immunosorbent 

assay (ELISA) in culture supernatants by using IFN-γ, IL-5 and IL-10 BD OptEIA Sets 

(Becton Dickinson) and IL-17 and TNF-α Duoset (R&D Systems, Minneapolis, MN, 

USA). The assays were performed according to the manufacturer’s instruction.  

Evaluation of inflammatory infiltrates in the CNS  

A histological analysis was performed in the CNS at the 30th day after EAE 

induction. After euthanasia and blood withdrawal, brain and lumbar spinal cord 

samples were removed and fixed in 10% formaldehyde. Tissues were dehydrated in 

graded ethanol and embedded in a 100% paraffin block. Five micron thick sections 

were mounted over glass slides, stained with hematoxylin and eosin and analyzed 

with a Nikon microscope. 

Isolation of mononuclear cells infiltrated in the CNS 

Mice were anesthetized with ketamine/xylazine and perfused with 10 mL of saline 

solution. Brain and cervical spinal cords were excised, macerated and maintained in 
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4 mL of RPMI (Sigma) supplemented with 2.5% collagenase D (Roche®) at 37°C, 

5% CO2 incubator. 45 min later suspensions were washed in RPMI and centrifuged 

at 450xg for 15 min at 4°C. Cells were then resuspended in percoll (GE Healthcare) 

37% and gently laid over percoll 70% in tubes of 15 mL. The tubes were centrifuged 

at 950xg for 20 min with centrifuge breaks turned off. After centrifugation the ring 

containing mononuclear cells was collected, washed in RPMI and centrifuged at 

450xg for 5 min. Cellular pellets were then resuspended in complete RPMI medium, 

counted and the proportion of regulatory T cells was determined as described below. 

Percentage of CD4+CD25+Foxp3+ T cells in spleen and CNS 

Spleen cells were collected and the red blood cells were lysed with Hank’s buffer 

containing NH4Cl. Mononuclear cells infiltrated in the brain and cervical spinal cord 

were isolated as described before.  Cell suspensions were washed once in RPMI 

1640 and adjusted to 2.5x106 cells. Cells were then incubated with 0.5 µg of 

fluorescein isothiocianate (FITC) anti-mouse CD4 (clone GK1.5) and 0.25 µg of 

allophycocyanin (APC) anti-mouse CD25 (clone PC61.5) for 20 min at room 

temperature. A staining for Foxp3 was then performed utilizing the phycoerythrin 

(PE) anti-mouse/rat Foxp3 Staining Set (eBioscience, San Diego, CA, USA) 

according to the manufacturer’s instructions. After incubation, the cells were fixed in 

paraformaldehyde 1% and later analyzed by flow cytometry using the FACSCalibur 

(Becton Dickinson, San Jose, CA) and FlowJo software (TreeStar, Ashland, OR, 

EUA).  

Statistical analysis 

Data were expressed as mean ± SE. Comparisons between groups were made by 

one way ANOVA with post-hoc Holm-Sidak methods for parameters with normal 

distribution, and by Kruskal-Wallis post-hoc Dunn´s method for parameters with non-
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normal distribution. The disease incidence was evaluated by Chi-square test 

(p=0,051). Significance level was p<0.05. Statistical analysis was accomplished with 

SigmaStat for Windows v 3.5 (Systat Software Inc).  

 

Results 

Clinical disease severity is reduced by previous infection with S. aureus  

The EAE control group comprising C57BL/6 mice immunized with MOG associated 

with CFA, without a previous infection with S. aureus, presented the expected clinical 

alterations. These animals showed a significant reduction in body weight (figure 1a) 

that coincided with the highest clinical scores observed during the acute phase of the 

disease (figure 2a). Previous infection with the 2 S. aureus strains avoided this 

reduction in body weight (figure 1b) and also decreased clinical scores (figure 2b). 

The 2 strains provoked a similar qualitative effect. This protective effect on disease 

severity was also noted when disease incidence was examined. As shown in table 1, 

89% of the animals from the control group got sick whereas the incidence in TOX- 

and TSST-1+ was 67, and 36%, respectively.  

Inflammation at the CNS during the chronic phase 

Typical lesions characterized by intense inflammatory infiltrates were observed in the 

brain (figure 3a) and lumbar spinal cord (figure 3b) from the EAE control group. A 

very similar picture was found in animals that were infected with the TOX- strain 

before EAE induction (figures 3e and 3f, respectively). Differently from these results, 

the group previously infected with the TSST-1+ strain presented a very discrete 

infiltration in the spinal cord but not in the brain (figures 3d and 3c, respectively). In 

this case the observed infiltrates were circumscribed to the perivascular region. 
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Cytokine production induced by MOG and S. aureus  

Production of IFN-γ, TNF-α and IL-17 induced by MOG was statistically similar, 

independently of the previous infection with the 2 bacterial strains. However a slight 

decrease in IL-17 production by the TSST-1+ experimental group was observed 

(figure 4c). Significant reduction of IL-5 (figure 4d) and IL-10 (figure 4e) were 

observed in the groups previously infected with TOX- and TSST-1+, respectively. 

Some clear differences were observed in the level of these cytokines when splenic 

cultures were stimulated with S. aureus antigen (SAC). IFN-γ, TNF-α and IL-10 

production by the 2 groups infected with S. aureus before EAE induction, were 

significantly elevated in comparison with the EAE group (figures 5a, b and c, 

respectively). IL-5 production by the TSST-1+ group was also significantly higher 

comparing to EAE and TOX-/EAE groups (figure 5d). Similar levels of IL-17 were 

found in the three experimental groups (figure 5c).   

Inflammation at the brain during acute phase 

As expected an exuberant inflammatory infiltrate was found in the brain of the EAE 

control group during the acute phase of the disease (figure 6c). Even though not so 

copious, similar infiltrates were found in the brains of mice that were infected with S. 

aureus TSST-1+ (figure 6d) and TOX- (figure 6e) before EAE induction.  

Quantification of CD4+CD25+Foxp3+ T cells 

Animals with EAE presented a significant increase in the frequency of 

CD4+CD25+Foxp3+ T cells in the spleen during the acute phase in comparison with 

the control group (figure 6a). Previous infection with TSST-1+ and TOX- did not alter 

the percentage of these T cells in this peripheral lymphoid organ (figure 6a). At this 

same period of the infection, we compared the % of these regulatory T cells in the 

CNS. As showed in figure 6b, the amount of CD4+CD25+Foxp3+ T cells was similar 
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in EAE and TSST-1+ groups but it was significantly lower in the group previously 

infected with the TOX- strain. 
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Figure 1: Effect of previous infection with S. aureus body weight.  C57BL/6 mice 

were infected with S. aureus TSST-1+ and TOX-. Three days later the animals were 

submitted to EAE induction and body weight was daily evaluated. Profile of weight 

variation during 30 days (a) and body variation between the initial weights and the 

ones found at the acute disease phase (b). Data were presented by mean±SE of 9-

12 mice and representative of two independent experiments, p<0.05. 
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Figure 2: Effect of previous infection with S. aureus clinical score.  C57BL/6 

mice were infected with S. aureus TSST-1+ and TOX-. Three days later the animals 

were submitted to EAE induction and clinical score was daily evaluated. Profile of 

clinical score during 30 days (a) and maximum clinical score (b). Data were 

presented by mean±SE of 9-12 mice and representative of two independent 

experiments, p<0.05. 
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Number of  sick 

animals  
Percentage of 
sick animals 

P 

EAE (n= 9) 8/9 89 p= 0,051 

TSST-1+/EAE (n=10) 4/10 36  

TOX-/EAE (n=12) 8/12 67  

Table 1: Disease incidence in mice submitted to EAE induction (%) 
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Figure 3: Inflammation in the CNS of mice with EAE: effect of previous 

infection with S. aureus. C57BL/6 mice were infected with S. aureus TSST-1+ and 

TOX- and 3 days later they animals were submitted to EAE induction. Brain and 

spinal cord inflammatory infiltrates in mice with EAE (a, b), mice previously infected 

with S. aureus TSST-1 strain submitted to EAE (c, d) and mice previously infected 

with S. aureus TOX- strain submitted to EAE (e, f) were evaluated 30 days after 

disease induction. Panel is representative of 6-7 animals/group. 
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Figure 4: Production of citokines by spleen cells from mice with EAE: effect of 

previous infection with S. aureus. C57BL/6 mice were infected with S. aureus 

strains and 3 days later they were submitted to EAE induction. Cytokine production 

was tested 30 days after EAE induction. IFN-γ (a), TNF-α (b), IL-17 (c), IL-5 (d) and 

IL-10 (e) production were assayed in spleen cells cultures re-stimulated in vitro with 

MOG. Data were presented by mean±SE of 5-12 mice, p<0.05. 
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Figure 5: Production of citokines by spleen cells from mice with EAE: effect of 

previous infection with S. aureus. C57BL/6 mice were infected with S. aureus 

strains and 3 days later they were submitted to EAE induction. Cytokine production 

was tested 30 days after EAE induction. IFN-γ (a), TNF-α (b), IL-17 (c), IL-5 (d) and 

IL-10 (e) production were assayed in spleen cells cultures re-stimulated in vitro with 

SAC. Data were presented by mean±SE of 5-12 mice, p<0.05. 
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Figure 6: Presence of regulatory T cells in the spleen and CNS of mice with 

EAE: effect of previous infections with S. aureus. The percentage of 

CD4+CD25+Foxp3+ T cells was evaluated in the spleen (a) and CNS (b). Brain 

inflammatory infiltrates in mice with EAE (c), mice previously infected with S. aureus 

TSST-1 strain submitted to EAE (d) and mice previously infected with S. aureus 

TOX- strain submitted to EAE (e) were evaluated 19 days after induction of disease. 

Data were presented by mean ± SE of 6-9 mice, p<0.05. Panel is representative of 6-

7 animals/group. 
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Discussion 

Multiple sclerosis (MS) is a demyelinating disease of the CNS that is characterized by 

an autoimmune inflammatory process involving myelin antigens (Constantinescu et 

al., 2011). Experimental autoimmune encephalomyelitis (EAE) is still the most widely 

accepted animal model to investigate this pathology. Epidemiological studies have 

identified several environmental risk factors that contribute to the development of this 

disease as viral infections, smoking and vitamin D serum levels (Zawada, 2012). 

Even though superantigens (Sags) have been implicated in the pathogenesis of 

different autoimmune diseases as type I diabetes, Kawasaki disease and MS (Kotzin, 

1994), their effects have not being systematically tested in these pathologies. In the 

present investigation, we evaluated the effect of previous infections with S. aureus on 

EAE development. For this female C57BL/6 mice were infected with 2 distinct S. 

aureus strains, one that was a producer of the TSST-1 toxin (ATCC 51650) and the 

other that did not produce this neither other SAgs (ATCC 43300). Three days after 

infection, the animals were submitted to EAE induction and disease evolution was 

compared with a control group not infected before EAE induction. Previous 

inoculation with both strains clearly determined a protective effect characterized by 

the appearance of a much more benign disease. Formerly infected animals did not 

lose weight during the acute phase and also presented a less severe sickness with 

lower clinical scores. In addition to these less serious clinical manifestations, there 

was also a lower disease incidence. The comparison of all these parameters 

suggested that the TSST-1+ strain was more protective than the TOX- bacteria. In 

addition, the first signals of paralysis in the TSST-1+ infected group were delayed. In 

this group the symptoms of paralysis appeared only at the 21st day after EAE 
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induction, in comparison to the EAE control group that was already sick by the 14th 

day. We cannot make a direct comparison of these results with the literature because 

there are no experimental approaches similar to the one employed by us. This is 

therefore the first direct demonstration that an S. aureus infection was able to 

decrease the severity of EAE. The effect of SAgs on MS, EAE and other human or 

experimental autoimmune diseases is complex and needs additional investigation to 

be fully elucidated. Theoretically, these molecules could exacerbate or, contrarily, 

protect against autoimmunity, being the possibility to be deleterious much more 

predominant. The first evidences suggesting contribution of SAgs derived from S. 

aureus to trigger MS came from its experimental model. Brocke et al., 1993 

demonstrated that purified toxin was able to induce relapsing paralysis and Soos et 

al., 1993, described that staphylococcal enterotoxin B was able to reactivated EAE. 

Evidences also support the theory that SAgs producing S. aureus may be implicated 

in the etiology of MS. For example, Stinissen et al., 1995, demonstrated that very 

small amounts of S. aureus Sags were able to activate gamma delta T cell clones 

isolated from MS patients and control. More recently, Mulvey et al., 2010, suggested 

that S. aureus harbouring enterotoxin A could be a risk factor for MS exacerbation. 

The protective effect of TSST-1+ strain over EAE was associated with a clear 

reduction in both, brain and lumbar spinal cord inflammation. Even though the TOX- 

strain was also able to downmodulate the disease, this experimental group presented 

an unexpected high inflammatory infiltrate in the CNS, similar to the one found in the 

control (non-infected) EAE group.  

To understand the mechanism by which S. aureus was downmodulating this disease, 

we evaluated the production of cytokines by spleen cells stimulated with MOG. A 

possible reduction in the production of encephalytogenic cytokines (IFN-γ, TNF-α and 
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IL-17) was not detected. However, we observed a significant downmodulation of IL-5 

and IL-10 levels in the TOX-/EAE and TSST-1+/EAE groups, respectively. It is 

temptative to hypothesize that the reduced production of these anti-inflammatory 

cytokines in this peripheral lymphoid organ is due to their migration to the CNS where 

somehow they turn down the activation of encephalytogenic T cells. A theoretical 

basis for this possibility is found in the literature. Initially described as a product of 

Th2 cells, IL-10 is now recognized as being secreted by almost every cell type of the 

immune system and able to restrain the inflammatory process (Banchereau et al., 

2012). In the context of MS and EAE, IL-10 elicits beneficial effects on disease. In 

MS patients, for example, IL-10 levels are increased in the serum during disease 

remission (Waubant et al., 2001). Additionally, the efficacy of IFN-β and glatiramer 

acetate, two widely used MS treatments, is partially attributed to induction of IL-10 

(Rep te al., 1996; Waubant et al., 2001; Pul et al., 2012). Also genetic studies using 

the EAE model showed that IL-10 deletion enhances EAE disease severity while 

over-expression of this molecule protected mice (Bettelli et al., 1998). Concerning IL-

5 it has been demonstrated that treatment of EAE with a herpes simplex virus type 1 

vector expressing IL-5 ameliorated EAE and decreased the number of infiltrating 

lymphocytes in the brain (Nygardas et al., 2012). Similary, treatment of experimental 

autoimmune neuritis with recombinant IL-5 markedly reduced clinical paralysis, 

weight loss, demyelination and also infiltration of CD4+ (Th1 and Th17), CD8+ T cells 

and macrophages in nerves (Tran et al., 2012).  

Other findings could also contribute to explain the protective S. aureus effect. For 

example, the production of cytokines by spleen cells stimulated with S. aureus 

particulate antigens (Cowan I strain) indicated a strong peripheral immune 

stimulation characterized by elevated production of IFN-γ, TNF-α and IL-10 in both 
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infected groups. IFN-γ and TNF-α could contribute to the observed protection by 

causing apoptosis of encephalytogenic activated T cells as has been demonstrated 

with diabetogenic T cells in NOD mice (Qin et al., 2004). The elevated production of 

IL-10 induced by both, MOG and SAC and the described ability of this cytokine to 

maintain Foxp3 expression (Murai et al., 2009) lead us to look for the presence of 

CD4+CD25+Foxp3+ T cells in both, the spleen of infected mice and also in cells 

eluted from the CNS of infected mice with EAE. After 14 days of infection we found 

no difference in the percentage of regulatory T cells. However, differently from 

expected, the group previously infected with the TOX- strain presented a decreased 

amount of these cells in the CNS. This could explain, at least partially, the less 

protective effect of the TOX- strain effect in comparison to the TSST-1+ strain. 

Alternatively, we could hypothesize that these two S. aureus strains are protecting 

the animals from EAE development by using different molecular mechanisms or more 

than one immunomodulatory via. In this scenario we could imagine that the TSST-1 

is more effective because it is employing a stronger or more than one mechanism. 

Literature concerning the effects of SAgs on EAE is clearly towards disease 

aggravation (Schiffenbauer et al., 1993; Zhang et al., 1995; Constantinescu et al., 

1998; Soos et al., 2002). Only a few reports have suggested or more recently 

demonstrated that an S. aureus component is able to protect against EAE 

development. Xie et al., 2006, demonstrated that the extracellular adherence protein 

(Eap) secreted by S. aureus is able to prevent development of EAE by inhibiting 

infiltration of inflammatory cells into the CNS. Interestingly, the crystal structures of 

Eap domains from S. aureus revealed an unexpected homology to bacterial SAgs 

(Geisbrecht et al., 2005). Further studies are necessary to unravel the complex effect 
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of this pathogen and its components on EAE and, therefore, to shed some light on 

the role of S. aureus infection on MS.   
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4.3 – Artigo científico III: Previous infection contact with S. aureus SEB decreases 

severity of encephalomyelitis in mice 
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Abstract 

Previous data indicated that superantigens (SAgs) like SEA, SEB and TSST-1 were 

able to activate and expande human myelin basic protein reactive T cells being, 

therefore, able to contribute to multiple sclerosis development. Here we investigated 

the effect of a previous infection with a ATCC 14458 (SEB+) S. aureus strain on 

experimental autoimmune encephalomyelitis (EAE). C57BL/6 female mice were then 

infected with SEB+ and 3 days later they were submitted to EAE induction. 

Previously infected animals presented reduction in body weight loss, in clinical 

scores and also in disease incidence. They also presented less inflammation at the 

central nervous system. Production of IL-17 by spleen cells stimulated with the 

cognate self-antigen was also lower in previously infected animals in comparison to 

the non-infected EAE control group. Contrarily to what could be expected, our data 

indicated that a previous contact with S. aureus able to produce SEB, was able to 

partially protect mice against EAE development.     

Key-words: Staphylococcus aureus, enterotoxin B, experimental autoimmune 

encephalomyelitis, IL-17 

 

Introduction 

Multiple sclerosis (MS) is a chronic, complex neurological disease that has been 

mainly attributed to an autoimmune inflammatory attack of the central nervous 

system (CNS). MS is characterized by demyelination, multifocal inflammation, 

reactive gliosis and oligodendrocyte and also axonal loss (Nosenwortly et al., 2000; 

Comabella & khoury, 2011). Much of our knowledge on MS, including 

immunopathogenesis and development of new therapies, is being generated with the 

help of its corresponding model called experimental autoimmune encephalomyelitis 
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(EAE). Active EAE is induced by immunization of rodents, specially mice, with CNS 

tissue or myelin peptides together with Complete Freund Adjuvant (CFA) 

(Constantinescu et al., 2011). There is a general consensus that MS is highly 

dependent upon genetic and environmental factors as infection, smoking and vitamin 

D uptake (Lin et al., 2012; Koch et al., 2013). S. aureus is one of the most common 

pathogens and it is estimated that 20% of the human population is colonized with this 

bacteria, mainly at the skin and nasal cavity. This Gram positive bacteria has been 

pointed as a possible cofactor for development of CNS autoimmune diseases (Visser 

et al., 2005; Roghmann et al., 2007). Increasing evidence suggest that superantigens 

(SAgs) produced by S. aureus and other pathogens play a role in autoimmunity and 

other immunomediated pathologies. SAgs are proteins with an intrinsic ability to bind 

to MHC class II molecules present on the surface of antigen presenting cells (APCs). 

They have affinity for a site located outside of the antigen-binding cleft (Torres & 

Johnson, 1998). This SAgs/MCH complex subsequently binds to the variable region 

of certain β chains of the T cell antigen receptor (Dellabona et al., 1990) provoking a 

polyclonal activation of as many as 20% of the T cell repertoire (Torres & Johnson, 

1998). This initial activation is commonly associated with an expressive cytokine 

secretion and later succeeded by lymphocyte´s apoptosis or anergy (Xu & 

McCormick, 2012; Pinchuk et al., 2010; Stow et al., 2010). Some epidemiological and 

experimental evidences support the possible conexion between S. aureus infections 

and MS. For example, in a recent report the presence of S. aureus harbouring 

enterotoxin A was proposed as a possible risck factor for MS (Mulvey et al., 2011). 

Formerly data indicated that SEA, SEB and TSST-1 SAgs were all able to activate 

and expande human myelin basic protein reactive T cells (Zhang et al., 1995). In 

addition, these staphylococcal enterotoxins were able to induce accelerated 
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pathology, reactivation or relapses in EAE (Soos et al., 1995; Brocke et al., 1993; 

Constantinescu et al., 1998). However, in certain conditions, SAgs were able to 

prevent EAE development. This was initially demonstrated by Kuschnaroff et al., 

1999. These authors observed that previous inoculation of purified SEB partially 

protected mice against EAE progression. These observations together with the fact 

that there are no studies testing the effect of infections with S.aureus prompted us to 

investigate the effect of a previous infection with an S. aureus SEB producer strain 

on EAE. We also evaluated the production of encepholytogenic (IFN-γ and IL-17) and 

antiinflammatory (IL-10) cytokines. 

 

Material and Methods 

Experimental design 

Mice were infected with S. aureus and 3 days later they were submitted to EAE 

induction by immunization with MOG in complete Freund’s adjuvant (CFA). The effect 

of the infection in EAE development was evaluated by clinical follow-up (weight 

variation and clinical score) and also by histopathological analysis of the CNS. The 

immunoregulatory effect of the infection was checked by cytokine production by 

spleen cells stimulated with ConA, MOG or Staphylococcus aureus Cowan I (SAC). 

Animals 

Female C57BL/6 mice (4-6 weeks old) were purchased from CEMIB (UNICAMP, São 

Paulo, SP, Brazil). The animals were fed with sterilized food and water ad libitum and 

were manipulated in accordance with the ethical guidelines adopted by the Brazilian 

College of Animal Experimentation. All experimental protocols were approved by the 

local Ethics Committee (Ethics Committee for Animal Experimentation, Biosciences 

Institute, Univ. Estadual Paulista). 
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Bacterial suspension 

The ATCC 14458 strain that was originally obtained from the American Type Culture 

Collection is characterized by SEB production (SEB+). This strain was cultured in 

blood agar and incubated at 37°C for 24h. Isolated colonies were inoculated into 

brain heart broth (BHI, Merck) and incubated at 37°C for 24h. Bacterial collected by 

centrifugation, washed three times and resuspended in cold sterile saline, as 

described by França et al., 2009. The bacteria suspension were 

spectrophotometrically adjusted to 0.3 at 520 nm, as described by Nakane et al., 

1996. The animals were infected by intraperitoneal route with 300µl of the bacteria 

suspension containing 107-1012CFU/ml.  

EAE induction 

MOG35–55 peptide (MEVGWYRSPFSRVVHLYRNGK) was synthetized by 

Proteimax, São Paulo, Brazil. EAE was induced as previously described (Peron et 

al., 2010). Briefly, mice were immunized subcutaneously with 150µg of MOG35–55 

peptide emulsified in CFA containing 400 µg of BCG. Mice also received 2 doses, 0 

and 48 h after immunization of 200 ng of Bordetella pertussis toxin (Sigma) 

intraperitoneally. Animals were daily inspected and disease intensity was graded as: 

0 - no disease, 1 - limp tail, 2 - weak/partially paralyzed hind legs, 3 - completely 

paralyzed hind legs, 4 - complete hind and partial front leg paralysis, 5 - complete 

paralysis/ death. 

Cell culture conditions and cytokine assay 

Animals were euthanized 19 days after EAE induction. Spleen cells were collected 

and adjusted to 5x106 cells/ml. Cells were cultured in complete RPMI medium (RPMI 

supplemented with 5% of fetal calf serum - FCS, 20mM glutamine and 40 IU/ml of 

gentamicin) in the presence of MOG (20 µg/ml) or SAC (PANSORBIN®, EMD) 
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(1/2500). Cytokine levels were evaluated 48 h later by enzyme-linked immunosorbent 

assay (ELISA) in culture supernatants by using IFN-γ and IL-10 BD OptEIA Sets 

(Becton Dickinson) and IL-17 Duoset (R&D Systems, Minneapolis, MN, USA). The 

assays were performed according to the manufacturer’s instruction.  

Evaluation of inflammatory infiltrates in the CNS  

A histological analysis was performed in the CNS at the 19th day after EAE induction. 

After euthanasia and blood withdrawal, brain and lumbar spinal cord samples were 

removed and fixed in 10% formaldehyde. Tissues were dehydrated in graded ethanol 

and embedded in a 100% paraffin block. Five micron thick sections were mounted 

over glass slides, stained with hematoxylin and eosin and analyzed with a Nikon 

microscope. 

 

Statistical analysis 

Data were expressed as mean ± SE. Comparisons between groups were made by 

one way ANOVA with post-hoc Holm-Sidak methods for parameters with normal 

distribution, and by Kruskal-Wallis post-hoc Dunn´s method or Tukey test for 

parameters with non-normal distribution. The disease incidence was evaluated by 

Chi-square test (p=0,073). Significance level was p<0.05. Statistical analysis was 

accomplished with SigmaStat for Windows v 3.5 (Systat Software Inc).  

 

Results 

Experimental autoimmune encephalomyelitis development 

Mice submitted to experimental encephalomyelitis presented the expected clinical 

manifestations characterized by significant weight loss and accentuated hind leg 

paralysis. Body weight variation between the original weight and the values detected 
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at the 17th day, when the highest clinical scores were observed, are shown in figure 

1b. Kinectics of the clinical scores and the maximal detected score observed in the 2 

experimental groups are shown in figures 2a and 2b, respectively. Disease incidence 

was significantly lower in the previously infected group as showed in table 1. 

Brain and spinal cord inflammation 

As expected no inflammatory infiltrates were present in brain sections obtained from 

normal mice (figure 3a). Animals submitted to EAE induction exhibited an exuberant 

inflammatory process mainly localized around blood vessels (figure 3b). Infection with 

the S.aureus SEB positive strain clearly reduced the amount of local inflammation 

(figure 3c). 

Cytokine production by spleen cells 

In cultures stimulated with the cognate antigen, i. e, MOG peptide (35-55), there was 

a significant production of IL-17 and IL-10 in mice infected with the SEB positive 

strain before EAE induction in comparison with the EAE control group. Concerning 

IFN-γ levels no differences were observed between these 2 groups. A very similar 

cytokine profile was detected in cultures polyclonally activated with ConA. A very 

distinct pattern was, however, observed when spleen cells were stimulated with SAC 

(heat-killed and formalin-hardened S. aureus Cowan I). In these conditions, the levels 

of IFN-γ and IL-10 were extremely elevated in the group infected with the SEB 

positive S. aureus before EAE induction whereas IL-17 levels were comparable in 

these 2 experimental groups. These results can be observed in figure 4. 
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Figure 1: Effect of previous infection with S. aureus SEB positive body weight.  

C57BL/6 mice were infected 3 days before EAE induction. Body weight (a) was daily 

evaluated and weight variation (b). Data were presented by mean±SE of 13 mice and 

representative of two independent experiments, p<0.05. 
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Figure 2: Effect of previous infection with S. aureus SEB-positive on EAE 

clinical scores.  C57BL/6 mice were infected 3 days before EAE induction. Clinical 

score (a) was daily evaluated and maximum clinical score (b). Data were presented 

by mean±SE of 13 mice and representative of two independent experiments, p<0.05. 

 

 

 

 

 

 

 

 

 

 Number of sick 
animals 

Percentage of sick 
animals 

p 

EAE (n=13) 12/13 92 p= 0,073 

SEB+/EAE (n=13) 7/13 54  

a b 
a 

b 

Table 1: Effect of previous infection with SEB-positive S. aureus on EAE 

incidence induction (%) 
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Figure 3: Brain inflammation in mice with EAE: effect of previous infection with 

SEB-positive S. aureus. C57BL/6 mice were infected with S. aureus and 3 days 

later they were submitted to EAE induction. Brains were collected 19 days after 

disease induction and sections were stained with H&E. Normal control (a); EAE 

control (b); infected before EAE induction (c). 

 

a 

c 

b 
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Figure 4: Production of cytokines by mice with EAE: effect of previous 

infection with SEB-positive S. aureus. C57BL/6 mice were infected with S. aureus 

and 3 days later submitted to EAE induction. Cytokine production was tested 19 days 

after EAE induction. Cytokine production was assayed cultures re-stimulated in vitro 

with MOG, IFN-γ (a), IL-17 (b) and IL-10 (c), ConA IFN-γ (e), IL-17 (f) and IL-10 (g) 

and SAC IFN-γ (g), IL-17 (h) and IL-10 (i). Data were presented by mean±SE of 5-7 

mice, p<0.05. 

 

a b c 

* * 

d e f 

* 
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g h i * * 
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Discussion 

Multiple sclerosis (MS) is a devastating autoimmune inflammatory disease whose 

incidence is increasing in the more developed countries. This raised incidence has 

been partially attributed to improvement in health and sanitary conditions what avoids 

contact with many environmental agents (Zilber & Kahana, 1996; Zawada, 2012). S. 

aureus is one of the most predominant agents that colonizes from 20-30% of the 

human population. It can be pathogenic but almost always it is found as non-

pathogenic bacteria in skin and nasal mucosa (Foster, 2005). In this work we used 

an artificial experimental infection to evaluate the effect of S. aureus on EAE. 

C57BL/6 female mice immunized with MOG plus CFA developed an accentuated 

paralysis together with an also significant body weight loss as has been widely 

described for this model (Zhang et al., 2012). Infection with an S. aureus SEB 

producer strain 3 days before EAE induction triggered a protective activity 

characterized by a significant decrease in weight loss, clinical scores and also in 

disease incidence. Brain examination showed the presence of very discrete 

inflammatory infiltrates in mice formerly infected in comparison to non-infected ones. 

For the best of our knowledge this is the first demonstration that infection with this 

enterotoxin B producer strain is protective against EAE development. We believe that 

this effect is at least partially, due to production of this SAg because Kuschnaroff et 

al., 1999 demonstrated that infection of purified SEB one week before EAE induction 

decreased EAE severity in PL/J mice.  To try to get some understanding on the 

mechanism of this protection we analysed the peripheral production of some of the 

most relevant cytokines (IFN-γ, IL-17 and IL-10) involved in the immunopathogenesis 

of MS and EAE. When spleen cells were stimulated with the cognate antigen (MOG) 

there was no difference in IFN-γ production between the 2 experimental groups. 
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However, there was a significant reduction in the production of IL-17 and IL-10. 

Exactly the same profile was observed when the cultures were stimulated with ConA. 

Considering the low levels of IL-17 and IL-10 induced by MOG it is conceivable that 

this is due to a smaller percentage of myelin specific cells in infected mice. In this 

context, a smaller number of specific cells could generate a smaller pool of memory 

cells, explaining the lower production of these cytokines. The fact that in vivo 

inoculation of SEB causes an expansion of vβ8+ cells followed 4 days later by their 

deletion or anergy, gives some support to this possibility (Kawabe & Ochi, 1991; 

Watson et al., 2012). Still reinforcing this hypothesis, the in vivo response to ConA 

stimulation was similarly affected by previous infection. The very discrete 

inflammation in the brain of infected animals could be, therefore, consequence of a 

smaller T cell activation in the periphery. On the other hand, spleen cells stimulated 

with a particulate S. aureus antigen produced a very distinct profile characterized by 

a very elevated production of IFN-γ and IL-10 with no difference in IL-17 levels. 

These elevated levels of IFN-γ and IL-10 in the periphery could contribute to lower 

brain inflammation by acting at the peripheral activated T cells and also locally, in the 

brain after crossing the blood brain barrier. Some papers give support to this 

possibility. It has been clearly demonstrated, for example, that IFN-γ was able to 

determine apoptosis of diabetogenic T cells in NOD mice (Qin et al., 2004). In 

addition, IL-10 is widely accepted as an important suppressive cytokine, produced by 

a large number of immune cells and relevant to control inflammation to minimize 

damage to self (O`Garra et al., 2004). The possible contribution of regulatory T cells 

(Tregs) must be also considered. Treg cells, classically characterized by the 

expression of forkhead transcription factor (Foxp3) and the IL-2R α-chain CD25, play 
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a central role in maintaining tolerance to self and prevention of an overexuberant 

inflammatory response to infection (Ziegler, 2006; Sakaguchi et al., 1995). Recent 

investigations indicated that bacteria can use SAgs to induced Tregs and therefore to 

avoid confrontation with the immune system (Taylor & Llewelyn, 2010). Other studies 

support the notion that SAgs have a complex effect over subsets of Tregs. For 

example, it has been demonstrated that both, CD4+CD25+ and CD4+CD25- are 

associated with tolerance induced by SAgs (Feunou et al., 2003; Grundstron et al., 

2003; Taylor & Llewelyn, 2010). It is also described that SAgs can be used as a 

biological tool to trigger in vivo preactivation of endogenous Tregs to enhance their 

suppressive potency (Tanriver et al., 2009). A possible contribution of other 

mechanisms, independent of SAgs production and activity, cannot be excluded. For 

example, Xie et al., 2006, reported that extracellular adherence protein (Eap) from S. 

aureus inhibits EAE in mice. Interestingly, they also demonstrated that Eap reduced 

adhesion of peripheral blood T cells to immobilized ICAM-1, explaining therefore the 

decreased infiltration of T cells to the CNS. A possible pratical application of our 

finding is illustrated by the work of Lönnqvist et al., 2009. These authors 

demonstrated that BALB/c mice exposed to Staphylococcal enterotoxin A as 

neonates were more efficiently tolerised when they become adults. In this same line 

of thinking, we could hypothesize that contact with certain S. aureus strains, as this 

SEB-positive one, could educate the immune system to promote tolerance to myelin. 
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