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Resumo

As respostas inflamatorias no cérebro sao mediadas principalmente pela
microglia, mas evidéncias crescentes sugerem uma importancia crucial dos astrécitos. A
S100B, uma proteina ligante de calcio e secretada por astrocitos, tem propriedades
neurotroficas e de citocina inflamatéria. No entanto, ndo se sabe se sinais primarios que
ocorrem durante a indugcdo de uma resposta inflamatéria como, por exemplo,
lipopolissacarideo (LPS) modulam diretamente a S100B. A neuroinflamacdo esta
implicada na patogénese ou na progressao de uma variedade de distirbios
neurodegenerativos e muitos estudos procuram uma conexdo entre S100B e doencas
degenerativas, incluindo a doenca de Alzheimer e esquizofrenia. O uso terapéutico de
farmacos anti-inflamatorios nao-esteroidais (AINEs) para estas doengas tem aumentado.
No entanto, existem poucos estudos sobre o efeito desses farmacos em relacdo a
proteina S100B. Neste trabalho, nés avaliamos se os niveis de S100B no liquido
cefalorraquidiano (LCR) e soro de ratos Wistar sdo afetados por injecdo de LPS
administrado por via intraperitoneal (IP) ou intracerebroventricular (ICV), bem como se
as culturas primarias de astrocitos respondem diretamente ao LPS. Além disso, nos
avaliamos o conteudo e a secre¢do de S100B medido por ELISA (bem como o conteudo
de GFAP e secre¢do de TNF-a) em culturas primarias de astrocitos expostos a
dexametasona e quatro classes quimicas diferentes de AINE; (4cido acetilsalicilico,
ibuprofeno, diclofenaco e nimesulida) durante 24 h. Os nossos dados sugerem que a
secrecdo de S100B no tecido cerebral ¢ estimulada rapidamente e persistentemente
(durante pelo menos 24 h) por administragdo ICV de LPS. Este aumento da S100B no
LCR foi transitorio quando o LPS foi administrado IP. Em contraste com estes
resultados de S100B, observou-se um aumento nos niveis de TNF-a no soro, mas nao
no LCR, apds a administracdo IP de LPS. Em astrocitos isolados e em fatias de
hipocampo frescas, observou-se uma estimulacao direta da secrecdo de S100B por LPS
numa concentra¢do de 10 ug/ml. Um envolvimento de TLR4 foi confirmado pelo uso de
antagonistas especificos deste receptor. No entanto, baixas concentragdes de LPS em
culturas de astrécitos foram capazes de induzir uma diminui¢do na secre¢do de S100B
apos 24 h, sem alteragdo significativa no contetido intracelular de S100B. Além disso,
apos 24 horas de exposicdo ao LPS, observou-se um decréscimo na glutationa e um
aumento na proteina acida fibrilar glial. Também foi observado que os AINEs
apresentam diferentes efeitos sobre parametros gliais. O 4cido acetilsalicilico e o
diclofenaco foram capazes de aumentar a GFAP, enquanto que a nimesulida, um
inibidor seletivo de COX-2, e a dexametasona diminuiram a secrecao de S100B. No
entanto, todos os AINEs reduziram os niveis de PGE,. Juntos, esses dados contribuem
para a compreensao dos efeitos de LPS em astrocitos, especialmente sobre a secregdo de
S100B, e nos ajuda a interpretar mudancas nesta proteina no LCR e soro em doengas
neuroinflamatorias. Além disso, tecidos periféricos que expressam S100B talvez devam
ser regulados diferentemente, uma vez que a administracao IP de LPS nao foi capaz de
aumentar os niveis séricos de S100B. Em relacdo aos AINEs, a PGE, parece estar
envolvida no mecanismo de secrecao de S100B, mas vias adicionais, ndo claras neste
momento, necessitam de uma maior caracterizagdo. O papel inflamatério de S100B em
doencas degenerativas, onde também sdao observados niveis elevados da COX-2 e
PGE2, poderia ser atenuado por inibidores de COX-2.

Palavras-chave: astrocitos, LPS, anti-inflamatorios e S100B.



Abstract

Inflammatory responses in brain are primarily mediated by microglia, but
growing evidence suggests a crucial importance of astrocytes. S100B, a calcium-
binding protein secreted by astrocytes, may act as a neurotrophic or an inflammatory
cytokine. However, it is not known whether primary signals occurring during induction
of an inflammatory response (e.g. lipopolysaccharide, LPS) directly modulate S100B.
Neuroinflammation has been implicated in the pathogenesis or progression of a variety
of neurodegenerative disorders and several studies have looked for a connection of
S100B, and degenerative diseases including Alzheimer’s disease and schizophrenia.
The therapeutic use of non-steroid anti-inflammatory drugs (NSAID) to these diseases
has growth up. However, there are few reports about the effect of these drugs on S100B.
In this work, we evaluated whether S100B levels in cerebrospinal fluid (CSF) and
serum of Wistar rats are affected by LPS administered by intraperitoneal (IP) or
intracerebroventricular (ICV) injection, as well as whether primary astrocyte cultures
respond directly to lipopolysaccharide. Moreover we evaluated S100B content and
secretion measured by ELISA (as well as GFAP content and TNF-a secretion) in
primary astrocyte cultures exposed to dexamethasone and 4 different chemical classes
of NSAID (acetyl salicylic acid, ibuprofen, diclofenac and nimesulide) for 24 h. Our
data suggest that S100B secretion in brain tissue is stimulated rapidly and persistently
(for at least 24 h) by ICV LPS administration. This increase in CSF S100B was
transient when LPS was IP administered. In contrast to these S100B results, we
observed an increase in in TNFa levels in serum, but not in CSF, after IP administration
of LPS. In isolated astrocytes and in acute hippocampal slices, we observed a direct
stimulation of S100B secretion by LPS at a concentration of 10 pg/mL. An involvement
of TLR4 was confirmed by use of specific inhibitors. However, lower levels of LPS in
astrocyte cultures were able to induce a decrease in S100B secretion after 24 h, without
significant change in intracellular content of S100B. In addition, after 24 h exposure to
LPS, we observed a decrease in astrocytic glutathione and an increase in astrocytic glial
fibrillary acidic protein. We also observe that NSAIDs have distinct effects on glial
parameters. ASA and diclofenac are able to increase GFAP, while nimesulide, a
selective COX-2 inhibitor, and dexamethasone were able to decrease S100B secretion.
However, all anti-inflammatories were able to reduce levels of PGE,. Together, these
data contribute to the understanding of the effects of LPS on astrocytes, particularly on
S100B secretion, and help us to interpret cerebrospinal fluid and serum changes for this
protein in neuroinflammatory diseases. Moreover, non-brain S100B-expressing tissues
may be differentially regulated, since LPS administration did not lead to increased
serum levels of S100. With respect to NSAIDs, PGE, is possibly involved in the
mechanism of S100B secretion but additional pathways, unclear at this moment,
demand further characterization. The inflammatory role of S100B in degenerative
diseases, where also is observed elevated levels of COX-2 and PGE2, could be
attenuated by COX-2 inhibitors in which elevated levels of COX-2.

Key words: astrocytes, LPS, anti-inflammatories and S100B.
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1. Introducao
1.1. Neuroinflamacao

Por muito tempo o sistema nervoso central (SNC) foi visto como um local
privilegiado imunologicamente com completa auséncia de vigilancia imunologica. Uma
vez que a homeostase desse tecido ¢ um pré-requisito para a comunicac¢ao adequada das
células neuronais, a barreira hemato-encefalica (BHE) e a barreira hemato-liquérica
(BHL) isolam o SNC das mudangas continuas nos tecidos periféricos. Atualmente sabe-
se que, apesar da presenca dessas barreiras, o SNC estéd sujeito a eventos patogé€nicos e
vigilancia imunologica (Ransohoff & Brown 2012). Estudos em modelo animal para
esclerose multipla tém mostrado que células T podem atravessar a BHE e a BHL
intactas e acessar o fluido cerebroespinhal, espagos perivascular e subaracndide
(Engelhardt 2010).

A neuroinflamagdo ¢ uma complexa resposta celular e molecular no SNC em
resposta a um estresse na tentativa de conter o dano ou infecgdo através da eliminacao
do patégeno e morte ou dano de células hospedeiras, auxiliando na recuperagdo da area
danificada. A neuroinflamag¢do tem sido implicada em muitas doencas do SNC,
incluindo doengas degenerativas cronicas e dano cerebral agudo. Entre essas condigdes
estdo a isquemia cerebral, esclerose multipla, doenga de Alzheimer, doenca de
Parkinson e esclerose lateral amiotrofica (Glass et al. 2010).

No processo neuroinflamatério, componentes imunes celulares tais como
macrofagos especializados (microglia), neurénios e astrdcitos, bem como citocinas,
quimiocinas, sistema do complemento, receptor de reconhecimento de padrao (PRR) e
outras vias de sinalizagdo contribuem para o processo (Shastri et al. 2013). Estes
mediadores proinflamatorios podem ser produzidos dentro do SNC ou serem recrutados

do sistema periférico em consequéncia de dano a BHE. Isto por sua vez, leva a ativagao



de células gliais tais como microglia e astrocitos. O efeito da neuroinflamagdo ¢
considerado neuroprotetor quando a atividade neuroinflamatdria atinge um periodo
curto de tempo, enquanto a inflamacdo cronica estd associada com consequéncias

prejudiciais para o SNC (Streit et al. 2004).

1.2. Mecanismos moleculares da neuroinflamacio

A imunidade inata ¢ a primeira linha de defesa do organismo contra a invasao de
diferentes patdogenos e ¢ efetiva no controle da infecgdo até que as células do sistema
imune adaptativo sejam capazes de iniciar uma resposta especifica contra o antigeno.
Entre os componentes envolvidos na resposta imunoldgica estdo PRRs, como os
receptores “toll-like” (TLRs), receptores ligantes de nucleotideos tais como adenosina
trifosfato (ATP) e uridina trifosfato (UTP) (P2) (Davalos et al. 2005), (Franke et al.
2006), NOD-like receptors (NLRs) (Kawai & Akira 2009), “scavenger receptors” (SRs)
como o receptor para produtos terminais de glicacdo avancada (RAGE) (Fang et al.
2010) entre outros. Estes receptores reconhecem ndo somente padrio molecular
associado a patdégeno (PAMP), como por exemplo, lipideos derivados de bactérias como
lipopolissacarideo (LPS), mas também moléculas enddgenas chamadas padrao
molecular associado a dano (DAMP) como, por exemplo, proteinas de choque térmico e
alarminas.

Nos ultimos anos tornou-se evidente que o sistema imune inato € em particular os
PRRs tais como os receptores TLRs sdo moléculas chave na imunidade inata, tendo o
papel principal na infec¢do, mas também em doencas nao infecciosas no SNC (Lehnardt
2010). TLRs representam uma familia de PRRs presente nas células de mamiferos que
ligam motivos estruturais altamente conservados chamados PAMP, os quais sdo
essenciais para a sobrevivéncia do respectivo patdogeno (Kawai & Akira 2006).

Atualmente, 10 TLRs foram identificados em humanos e 13 em camundongos. Os
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TLRs sdo proteinas transmembranas com um dominio extracelular rico em leucina e um
dominio citoplasmatico, o qual contém uma regido conservada conhecida como dominio
“Toll/interleukin-1 receptor” (TIR) comum também ao receptor de interleucina 1 (IL1).
Dentro da familia, os receptores TLR3, TLR7, TLR8 e TLR9 representam uma
subfamilia que estd localizada em compartimentos intracelulares como endossoma e
reticulo endoplasmatico e reconhecem 4acido nucleico viral (Figura 1). Por outro lado,
outros TLRs como TLR1, TLR2, TLR4, TLRS5 e TLR6 estdo localizados na superficie
celular e reconhecem componentes da parece celular bacteriana ou particulas virais
(Kawai & Akira 2008, Mogensen 2009). Quando ativados pelo seu ligante, os TLRs
dimerizam e sofrem uma mudanga conformacional que leva a indu¢do de uma complexa
cascata de sinalizagdo intracelular resultando na ativacdo do fator de transcrigdo nuclear
kB (NF-kB) e do fator de transcri¢do ativador de proteinal (AP1), os quais regulam a

expressdo de uma gama de genes envolvidos na resposta inflamatoria.
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Figura 1: Sublocalizacao celular dos diferentes tipos de TLRs. Mogensen, 2009.

Em células ndo estimuladas, o NF-xB ¢ sequestrado no citoplasma como uma
forma inativa, interagindo com um inibidor de NF-xB (IkB). Apos estimulagdo com

varios ligantes de TLR, as IkBs sdao fosforiladas, ubiquitiniladas e degradadas,



permitindo que o NF-«kB seja translocado para o ntcleo ativando a transcri¢do génica.
A ativagdo do fator de transcricdo AP-1 na sinalizagdo por TLR ¢ principalmente
mediada por cinases ativadas por mitégenos (MAPK) como a cinase terminal Jun-N
(JNK), p38 e cinase regulada por sinal extracelular (ERK).

Em resumo, a ativagdo da maior parte dos receptores TLRs resulta no recrutamento
da proteina adaptadora fator 88 de diferenciacdo mieloide (MyD88), cinase serina-
treonina associada IL-1R (IRAK), fator associado ao receptor do fator de necrose
tumoral (TRAF), proteina adaptadora TRAF6, cinase indutora de NF-xB (NIK) e cinase
IxB (IKK), portanto levando a translocacdo nuclear do NF-kB. O MyD88 ¢ critico para
a sinalizacdo através de todos os TLRs exceto TLR3. Entretanto, moléculas adaptadoras
alternativas incluindo proteina associada ao TIR (TIRAP) e a proteina semelhante a
MYD88 (MAL), transduzem sinais de TLRs através de uma via independente de
MyD88 (Akira et al. 2006). A via de sinalizagdo resulta na regulagao positiva de genes
proinflamatorios alvos que codificam citocinas, quimiocinas, enzimas e outras
moléculas essenciais para a eliminagdo do patdégeno (Figura 2).

No SNC, astrocitos e microglia sdo as primeiras células a responder através de
receptores TLRs a dano, perturbacdo e estresse celular, bem como infec¢des causadas
por patdgenos, induzindo a produgdo e liberagdo de sinais moleculares que iniciam a
resposta glial podendo levar a excitoxicidade, inflamag¢do, neurodegeneragao e apoptose

(Holm et al. 2012).
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Figura 2: Via de Sinalizagao ativada por TLR4. Mogensen 2009.

1.3. Mecanismos celulares da neuroinflamacao

A neuroglia, ou simplesmente glia, que compreende além de astrdcitos, microglia e
oligodendrocitos, foi vista como tendo uma unica fungdo de proporcionar orientacao,
suporte estrutural e servir como fonte de nutrientes e isolamento para os neurdnios (Van
Eldik & Wainwright 2003), pois nenhum de seus tipos celulares apresentam axonio e
nem a habilidade de formar potenciais de acdo (Wang & Bordey 2008). Contudo, nas
ultimas décadas, novas pesquisas demonstraram que os astrocitos ndo sao somente

suportes passivos da arquitetura e homeostase neuronal sem papel na integragao de
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sinal, mas sim participantes ativos com neurdnios em todas as fungdes essenciais do
encéfalo (Sofroniew & Vinters 2010).

A imunidade inata ¢ um componente constitutivo do SNC e depende fortemente de
células residentes como a microglia, entretanto, estudos mostram que os astrocitos
participam da resposta imunoldgica, desencadeada por uma variedade de insultos. Deste
modo, os astrécitos juntamente com a microglia apresentam um papel fundamental no
processo neuroinflamatério e sdo reconhecidos como participantes ativos em varias

condi¢des patoldgicas ou doengas neurodegenerativas cronicas (Liu ef al. 2011).

1.3.1. Microglia

A microglia ¢ um fagocito mononuclear, derivado de progenitores da linhagem
mieldide e estd envolvida na resposta imune e inflamatoria (Ransohoff & Cardona
2010). Estas células, vistas como macrofagos residentes do SNC, sdo derivadas do
saco vitelino durante a embriogénese e colonizam o cérebro em desenvolvimento
onde persistem ao longo da vida do individuo (Perry & Holmes 2014).

As células microgliais constituem cerca de 10% do total de células do SNC de um
humano adulto com considerdvel heterogeneidade na sua  densidade
entre as regides desse tecido. No SNC saudavel, a microglia apresenta uma morfologia
complexa composta de processos altamente ramificados que se estendem de um corpo
celular compacto e que continuamente exploram o ambiente entrando em contato com
sinapses e regides extra-sinapticas e também com astrocitos (Tremblay et al. 2010). O
microambiente do SNC tem um efeito importante no fenotipo microglial. Vérios
ligantes expressos em neurdnios, astrocitos e oligodendrdcitos ligam-se em receptores
expressos na microglia, sinalizando através destes receptores a inibicdo da ativacdo

microglial (Ransohoff & Perry 2009).
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Na presenga de um insulto, a microglia torna-se ativada e responde em poucos
minutos a areas muito restritas de dano tdo pequenas como um Unico processo neuronal.
Nesta condigdo esta célula retrai seus processos adquirindo uma forma mais
ameboide, sendo capaz de migrar para o local do dano, proliferar, participar na
apresentacdo de antigenos, fagocitar debris celulares e eliminar sinapses anormais
(Tremblay et al. 2010). A microglia expressa, entre outros receptores, os TLRs de 1
ao 9 e, quando ativada, libera uma variedade de citocinas, incluindo fator de
necrose tumoral alfa (TNF-a), IL-1B, IL-6, IL-10, interferon-a (IFN-a), IFN-B,
além de prostandides, componentes do complemento e substancias neurotoxicas
como espécies reativas de oxigénio (EROs) e NO, sendo uma fonte importante de

fatores proinflamatorios cerebrais.

1.3.2. Astrocitos

Astrocitos sao células gliais especializadas, abundantes no SNC, com caracteristicas
fenotipicas e de citoarquitetura unicas que idealmente os posicionam a sentir e
responder a mudancas no seu microambiente. Eles estendem numerosos processos
formando dominios anatomicos altamente organizados com pouca sobreposi¢do entre
células adjacentes e sdo interconectados em redes funcionais através de juncdes gap
(Kirchhoff et al. 2001). Alguns processos astrociticos os quais expressam uma ampla
gama de receptores e canais i0nicos circundam as sinapses, enquanto outros estdo em
contato proXimo com vasos sanguineos intraparenquimais através de processos
especializados chamados pés terminais. Deste modo, os astrocitos apresentam um papel
importante no acoplamento neurometabolico e neurovascular (Allaman ef al. 2011). Os
astrocitos apresentam uma morfologia heterogénea sendo dividida em duas

subpopulagdes baseadas em sua localizagdo e morfologia: astrdcitos fibrosos, que sao
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encontrados na substancia branca e apresentam processos ndo ramificados, finos e
longos envolvendo os nodos de Ranvier e astrécitos protoplasmaticos, os quais se
localizam na substincia cinzenta e possuem muitos processos ramificados que
envolvem as sinapses € 0s pés terminais que envolvem os vasos sanguineos (Wang &
Bordey 2008). Entre algumas fungdes astrociticas estdo: promog¢do da maturagdo
neuronal, formagao das sinapses (Christopherson et al. 2005), regulagdo da angiogénese
(Laterra & Goldstein 1991), indu¢do e manutengdo da barreira hemato-encefalica
(Abbott et al. 2006), tamponamento de ions do meio extracelular como o potéssio,
metabolismo e captagdo de neurotransmissores (GABA e glutamato) (Schousboe et al.
1992, Allaman et al. 2011) suporte metabdlico (Magistretti 2009), detoxificagdo,
protegendo neurdnios contra excitotoxicidade, e manutencdo do microambiente viavel
para neuronios (Wang & Bordey 2008).

Um dos papeis mais importantes dos astrécitos no SNC ¢ a vigilancia imunoldgica,
respondendo a lesdes, patdogenos ou outros insultos ativando uma resposta inflamatéria
critica para a defesa ao hospedeiro (Van Eldik & Wainwright 2003). Essas células
formam uma glia limitante ao redor dos vasos sanguineos restringindo o acesso de
células imunes do sangue para o parénquima cerebral, € ao contrario de outras células
do SNC, sao resistentes a morte por apoptose induzida por receptor, mostrando-se bem
equipados para sobreviver a insultos inflamatorios (Farina ef al. 2007). Semelhante as
células microgliais, os astrocitos tornam-se ativados em resposta a varios estimulos, de
mudangas sutis no microambiente a dano tecidual intenso. Este processo ¢ conhecido
como astrogliose reativa, o qual ¢ uma resposta ndo homogénea e finamente graduada
que varia de acordo com o tipo, gravidade e duracdo do insulto (Sofroniew & Vinters

2010).
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1.4. Mecanismos moleculares da neuroinflamaciao em astrocitos

Histopatologicamente os astrocitos reativos apresentam mudangas como
proliferagdo e sobreposicao de dominios astrociticos, podendo resultar na formagdo de
cicatriz astroglial, além de hipertrofia e aumento na expressao da proteina acida fibrilar
glial (GFAP) (Pekny & Pekna 2004). A GFAP ¢ a uma proteina de aproximadamente 50
KDa, insoluvel, regulada por fosforilagdo e considerada a principal proteina de
filamentos intermediarios em astrocitos maduros e também um importante componente
do citoesqueleto durante o desenvolvimento destas células. Estudos realizados em ratos
transgénicos indicaram que a expressdo de GFAP ndo ¢ essencial para a aparéncia e
funcdo normal da maioria dos astrécitos no SNC saudavel, mas é essencial para o
processo de astrogliose reativa e formacgao de “cicatriz” glial. Além disso, o aumento no
imunoconteudo de GFAP, independentemente de haver ou ndo proliferagao astroglial, ¢
comumente usado como medida de astrogliose. Estudos mostram que a GFAP nao esta
presente em todo o citoplasma astrocitico e a imunoistoquimica para GFAP ndo marca
todas as partes da célula, mas somente as principais ramificagdes, estando ausente nos
processos finamente ramificados e frequentemente ndo detectavel no corpo celular
(Sofroniew & Vinters 2010). Estudos in vivo e in vitro mostram outras fungdes da
GFAP, como migrag¢ao celular, funcionamento adequado da BHE, vias de transducao de
sinal e intera¢des neurdnio-glia (Middeldorp & Hol 2011).

Os astrocitos expressam varios tipos de PRRs incluindo os recepetores TLRs (TLRs
2,3,4,5¢e9) (Farina et al. 2007, Bowman et al. 2003). Através da ligacdo a estes
receptores, os astrocitos respondem a insultos como, por exemplo, LPS tanto in vivo
como in vitro com aumento da secre¢do de citocinas proinflammatoérias como IL-6,
TNF-a, IL-12, citocinas anti-inflamatorias como IL-10, fatores neurotroficos como fator

de transformacdo do crescimento beta (TGF-B), enzimas como oxido nitrico sintase
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induzivel (iNOS), quimiocinas como CCL2, CCL3, CCL4, CCL5, a proteina molecular
de adesdo intercelular 1 (ICAM 1) e proteina de adesdo celular vascular 1 (VCAM 1)
podendo ativar e atrair a infiltragdo de células imunes como leucdcitos, células T e
monocitos da periferia para o SNC (Carpentier et al. 2005). Também foi visto que
ligantes de TLRs em cultura de astrocitos sdo mais potentes indutores de fungdes da
imunidade inata, enquanto citocinas como INF-y e TNF-a sdo indutores mais potentes
de fung¢des da imunidade adaptativa como, por exemplo, moléculas do complexo
principal de histocompatibilidade de classe II (Carpentier et al. 2005).

Entre as células neurais, os astrocitos sdo as células mais resistentes ao estresse
oxidativo e proporcionam prote¢do aos neurdnios principalmente devido a seu alto
conteudo de glutationa (GSH), um tripeptideo formado por glutamato, cisteina e glicina
e também considerado o principal antioxidante cerebral (Aoyama et al. 2008). Além
disso, a GSH ¢ secretada por astrocitos e, quando clivada no dipeptideo cisteina-glicina
no espaco extracelular, serve de substrato para sintese da GSH pelos neurdnios
(Dringen et al. 2000). A habilidade para reduzir ou sintetizar GSH ¢ um importante
fator que determina como se encontra o estado redox celular, visto que o estresse
oxidativo tem sido associado com o desenvolvimento de condi¢des patologicas como as
doengas neuroinflamatorias.

Devido a sua funcdo na resposta imunologica no SNC, nos ultimos anos, os
astrocitos tém sido amplamente citados pela sua contribui¢cao no inicio e progressao da
maioria das doencas neurodegenerativas (Parpura et al. 2012). Um importante marcador
de ativagdo astroglial e ou morte em varias condi¢des de dano cerebral ¢ a proteina
S100B.

A proteina S100B ¢ um membro da familia de proteinas S100 assim denominadas

por serem soliveis em uma solugdo 100% saturada de sulfato de amonio (Moore 1965).
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Essas proteinas sdo ligantes de calcio do tipo EF hand e compreendem 25 membros,
expressos de maneira especifica para cada tipo celular. Como a maioria dos outros
membros da familia S100, a S100B tém uma estrutura homodimérica onde cada
monodmero beta ¢ de aproximadamente 10.5 kDa, tendo dois sitios de ligagdao ao célcio
do tipo EF hand e sitios independentes para ligagdo ao zinco, e também duas pontes
dissulfeto, mas a estrutura dimérica ¢ mantida independente deste aspecto (Donato
2001). A S100B ¢ expressa em um restrito numero de tipos celulares como: astrocitos,
linfocitos, oligodendrocitos maduros, células progenitoras neurais, certas populacdes
neuronais, adipocitos entre outras, e sua expressdo também estd aumentada em varios
tumores, no cérebro de idosos, no cérebro de pacientes afetados pela doenca de
Alzheimer, esquizofrenia, epilepsia cronica, infecgdo por HIV entre outras condigdes
patologicas cerebrais (Donato et al. 2009). O gene humano que codifica a S100B esta
no cromossomo 21g22.3 com consequente super expressdo da proteina na sindrome de
Down (Mrak & Griffin 2004).

A S100B no SNC ¢ principalmente expressa ¢ predominantemente secretada por
astrocitos constitutivamente e em resposta a estimulos com varios agentes (Pinto ef al.
2000), incluindo o fator de necrose tumoral (TNF-0) (Edwards & Robinson 2006) e
IL1B, envolvendo a via das MAPK e sinaliza¢do via NF-kB (de Souza et al. 2009). A
S100B possui efeitos paracrinos e autdcrinos nas cé€lulas gliais, neuroénios e microglia.
Esta proteina tem muitos alvos intracelulares estando envolvida na regulagcdo de
proteinas do citoesqueleto (GFAP, por exemplo) (Frizzo et al. 2004), moduladores do
ciclo celular (p53) (Lin ef al. 2001) e a proteina fosfatase calcineurina (Leal ef al. 2004).
Além de alvos intracelulares, a S100B apresenta efeitos extracelulares observados em
culturas neuronais dependendo de sua concentracdo, uma vez que em concentragdes

picomolar e nanomolar apresenta efeito trofico, enquanto em concentracdes
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micromolar, efeito apoptdtico. Estes efeitos envolvem ativagdo via receptor RAGE de
vias de sinalizacdo como ERK e NF-«B (Donato et al. 2009). Um aspecto importante a
ser considerado € que expressdo genética, a expressao protéica e a secre¢do da proteina
S100B podem ser eventos independentes (Swarowsky et al. 2008). Estudos em culturas
de astrécitos de ratos indicam que variagdes da S100B extracelular ndo sdo
necessariamente acompanhadas por mudangas no conteudo intracelular desta proteina
como visto com altos niveis de amoénia a qual aumentou a secrecdo de S100B sem
alterar seu conteudo intracelular (Leite et al. 2006). Por outro lado, cultura de astrocitos
em meio com altos niveis de glicose mostrou uma diminui¢gdo na secrecdo € no

conteudo intracelular de S100B (Nardin et al. 2007).

A S100B tem sido vista como um util marcador molecular e periférico de dano
cerebral (Gongalves et al. 2008) em varias situagdes agudas ou cronicas. Um dos
motivos para este conceito vem do fato da S100B estar implicada no ciclo das citocinas,
uma teoria proposta para a doenca de Alzheimer (Griffin 2006). Em situacdes que
levem a injuria no SNC como, por exemplo, um processo inflamatdrio, astrdcitos e
microglia, estdo ativados. A microglia ativada superexpressa a citocina IL-18, a qual
ativa os astrocitos, levando a um aumento da expressdo de S100B por estas células
(Sheng et al. 1996). Estudos mostram que a ligagdo da S100B ao receptor RAGE na
linhagem microglial BV-2 resulta na ativa¢ao dos fatores de transcricdo NF-kB e AP-1
os quais cooperam para estimular IL-18, TNF-a e a enzima ciclooxigenase-2 (COX-2),

contribuindo assim para a neuroinflamacao (Bianchi et al. 2008).

A enzima COX-2 ¢ a enzima limitante na sintese das prostaglandinas mediadoras da
inflamacdo como a prostaglandina E, (PGE,). Sua expressdo no cérebro ¢ altamente
regulada em condicdes fisiologicas, e tem sido mostrado que sua expressao ¢ dividida

em duas fases: precocemente em neurdnios e mais tarde em células ndo neuronais, como
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astrocitos (Takemiya et al. 2007). Estudos mostram que culturas de astrdcitos de ratos
tratadas com LPS aumentam a producao de prostaglandinas via ativagdo de COX-2 com

um evidente envolvimento de NF-«xB (Pistritto et al. 1999).

Varios estudos t€ém considerado a elevagdo nos niveis de S100B como um
componente de resposta neuroinflamatoéria, particularmente em  doencas
neurodegenerativas como a doenca de Alzheimer, porém ¢ muito dificil a comparagao
dos niveis de SI00B em cultura de células com aqueles encontrados no liquor ou soro,
uma vez que estes niveis refletem varias possiveis fontes de SI00B. No entanto estudos
recentes mostram que a secrecdo de S100B pode se modulada por citocinas
proinflamatorias como IL6 (de Souza er al. 2013) e ILIPB (de Souza et al. 2009)

provavelmente através da via da MAPK.

1.5. LPS como um modelo de neuroinflamacao

O LPS ¢ uma molécula de lipopolissacarideo que constitui a bicamada lipidica de
bactérias gram-negativas, como por exemplo, a bactéria Escherichia coli, sendo critico
na estabilidade da membrana. Sua molécula ¢ composta por trés dominios distintos:
uma cadeia lateral de polissacarideo (Antigeno O) ligada a regido do “core”, um
oligossacarideo (2-ceto-3-4cido deoxioctonico), que estd ligado a uma molécula lipidica
(Lipideo A). O antigeno O varia entre as espécies de bactérias gram-negativas tanto em
composicdo como em comprimento, enquanto o core € o lipideo A sdo mais
conservados entre as diferentes espécies destas bactérias. O dominio lipideo A € o

componente bioativo e toxico da endotoxina reconhecido durante a infec¢do humana

(Leon et al. 2008).
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O LPS ¢ uma molécula essencial, uma vez que sua presenca € critica na estabilidade
da membrana bacteriana e tem um papel proeminente na intensificagdo da resposta
imunoldgica (Janeway & Medzhitov 2002); ele tem sido implicado como a molécula
responsavel por uma variedade de patologias que vao de leves como febre a letais como
choque séptico e morte. Esta molécula desencadeia a liberagcdo de muitas citocinas
como TNF-qa, IL-18 e IL-6 e ¢ provavelmente o estimulo mais frequentemente usado
para desencadear vias de sinalizacdo envolvidas na resposta imunologica (Glezer et al.
2007).

A via de sinalizacdo intracelular desencadeada por LPS envolve primeiramente sua
ligacdo ao receptor TLR4 (Figura 3). O LPS se liga com a proteina ligante de LPS
(LBP) e também a proteina CD14 ancorada na membrana da célula alvo, a qual
transfere o LPS para o receptor TLR4 de uma maneira dependente da glicoproteina
extracelular MD-2; através do dominio TIR, ocorre o recrutamento do MyD88 que se
associa com a proteina cinase IRAK4 que interage com IRAK, a qual ativa o TRAF6
seguindo da ativacdo do NF-kB e do AP-1 (Glezer et al. 2007).

Embora muitos estudos usem o LPS como modelo de sepse (Takaoka et al. 2014,
Kaplanski et al. 2014, Mihaylova et al. 2014), a qual ¢ caracterizada por uma resposta
inflamatoéria sistémica desencadeada por fatores infecciosos (Salomao et al. 2012), o
LPS tem sido o ativador glial mais extensivamente utilizado por pesquisadores em
modelos de neuroinflamagdo in vivo e in vitro. Estudos in vitro mostram que cultura de
astrocitos neonatais de diferentes regides cerebrais exibe diferencas na expressdo de
fatores pro-inflamatorios sob estimulo com LPS (Kipp et al. 2008), assim como em
outro estudo usando o mesmo modelo in vitro mostrou que o LPS induz uma regulagao
positiva de enzimas responsaveis pela sintese de PGE, e uma regulagdao negativa de

enzimas que catalisam a sua degradagao (Johann et al. 2008).
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Figura 3: Sinalizag¢do por LPS

Um estudo in vivo usando injecdo intracerebroventricular de LPS para mimetizar um
quadro de inflamagdo cerebral em camundongos, mostrou ocorrer um recrutamento e
adesdo de leucdcitos a microvasculatura cerebral e que este recrutamento ¢ mediado por
células que apresentam a via de sinalizacio TLR4/CD14 como a microglia, e que a
sinalizacdo por TNF-a € critica para o recrutamento de leucdcitos (Zhou et al. 2006).

Entretanto ainda nao ha estudos mostrando o efeito desta molécula sobre a secre¢ao
e o imunocontetido da proteina S100B, uma vez que esta também tem sido mostrada

uma peca importante no processo inflamatorio.

20



1.6. Anti-inflamatorios e neuroinflamacao

Uma vez que a neuroinflamagao tem sido implicada na patogénese ou progressao de
uma variedade de doencas neurodegenerativas, nos ultimos anos vem crescendo o
interesse nos efeitos benéficos de compostos anti-inflamatorios nao esteroidais (AINEs)
na neurodegeneragdo particularmente na doenca de Alzheimer (McGeer & McGeer
2007, Vlad et al. 2008), doenca de Parkinson (Wahner et al. 2007) e esquizofrenia
(Laan et al. 2009).

O principal mecanismo de a¢cdo dos AINEs ¢ inibir a agdo da enzima COX também
conhecida como prostaglandina G/H sintase. A COX tem um papel crucial no processo
inflamatorio. Esta ¢ uma enzima de aproximadamente 70 kDa, bifuncional e associada a
membrana que age sobre o acido araquidonico, o qual é um acido graxo insaturado de
20 carbonos que sobre uma variedade de estimulos ¢ liberado da membrana
fosfolipidica celular sobre a¢do da enzima fosfolipase A2 (PLA2). A COX possui duas
atividades enzimaticas que ocorrem em dois sitios cataliticos distintos (Vane et al.
1998, Simmons et al. 2004), catalisando duas reagdes sequenciais: atividade da
ciclooxigenase que catalisa a oxidagdo e ciclizacdo do &cido araquidonico até o
hidroperdxido PGG; e atividade de peroxidase que catalisa a peroxidagao da PGG; até o
hidroperdxido prostaglandina H2 (PGH;), a qual ¢ convertida por varias sintases e
1somerases especificas celulares produzindo cinco prostanodides biologicamente ativos:
PGD,, PGE,, PGF2 ,, prostaciclina (PGI;) e tromboxano A2 (TXA;). Estes produtos
agem como mensageiros interagindo com receptores prostanoides acoplados a proteina
G além de outros receptores (Rao & Knaus 2008).

Existem duas isoformas da enzima COX: COX1 e COX2. Estas apresentam alta

similaridade na cinética, mecanismo catalitico e na estrutura do sitio ativo, mas
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apresentam uma diferenga estrutural crucial neste Gltimo item que ¢ a substituicdo da
isoleucina 523 na COX1 por uma valina 523 na COX2, o que torna o sitio da COX2
maior, essa diferenga ¢ importante na selecdo do tipo de droga que podera se ligar a
cada isoforma. Além disso, elas apresentam diferentes reatividades a substratos
lipidicos. A COXI1 apresenta alosterismo negativo em baixas concentragdes de acido
araquidonico, sendo a COX2 capaz de se ligar mais facilmente ao acido araquidonico do
que a COX1 quando expressas na mesma célula (Smith et al. 2000).

A enzima COX1 ¢ expressa na maioria dos tecidos e tipos celulares e ¢
constitutivamente ativa, tendo um papel crucial na manutengdo e homeostase da
fisiologia celular em geral, através da sintese de precursores prostandides (Dubois et al.
1998). A COX1 apresenta uma fungdo importante nas plaquetas, onde é responsavel por
produzir precursores para a sintese de tromboxanos, responsaveis pela agregacdo
plaquetaria. Outra importante a¢do desta isoforma ¢ na protegdo da mucosa gastrica,
onde produz PGE,; responsavel pela produgdo de muco e secrecdo de bicarbonato e
também prostaciclina capaz de alterar o fluxo sanguineo na microcirculagdo da mucosa
gastrica (Miller 2006). No SNC esta isoforma ¢ expressa predominantemente em células
microgliais e imediatamente ativa a sintese de prostaglandinas em resposta a ativacao
microglial, sendo importante na modulacao da fase inicial da resposta inflamatoria (Aid
& Bosetti 2011). Tem sido mostrado que a delegdo genética ou farmacologica da COX1
atenua a ativagdo microglial, bem como, alteracdes na BHE em resposta ao LPS (Choi
et al. 2008). No entanto o mecanismo exato pela qual a COXI1 esta envolvida na

neuroinflamag¢do nao esta claro.

A COX2 ¢ a isoforma induzivel e inflamatoria, rapidamente expressa em varios
tipos celulares em resposta a uma variedade de estimulos como, por exemplo, estimulos

pro-inflamatérios. No SNC a COX2 ¢ constitutivamente expressa em astrocitos,
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microglia, células endoteliais e principalmente em neurdnios glutamatérgicos corticais e
hipocampais, onde tem um papel chave na atividade sinaptica, na plasticidade sinéptica
de longa duracao (Yang & Chen 2008) e acoplamento neurovascular durante a
hiperemia funcional, mas seu papel nas doengas cerebrais ndo esta bem estabelecido.
Enquanto alguns estudos mostram que sua inibi¢do proporciona efeitos benéficos contra
dano isquémico e morte neuronal (Candelario-Jalil & Fiebich 2008) ao contrario em
doencas neurodegenerativas como a doenca de Alzheimer, inibidores da COX2 podem
ndo ser sempre protetores (McGeer & McGeer 2007). Em cultura de astrécitos, o LPS
induz fortemente a expressao de COX2 e a producdo de PGE; mediado pela via de NF-
kB dependente de MYDS88 e pela via das MAPKs além de também regular
negativamente a expressio de COXI1. Além disso, células deficientes em COXI
produzem mais PGE, do que células controle indicando algum efeito negativo de COX1
na producdo de PGE, dependente de COX2 em astrocitos na presenga de LPS (Font-

Nieves et al. 2012).

1.6.1. Uso de anti-inflamatorios para patologias do SNC

A inflamag¢do € uma reacao de autodefesa com o objetivo de eliminar ou neutralizar
estimulos prejudiciais e restaurar a integridade tecidual. Nas doencas
neurodegenerativas a inflamacdo ocorre como uma resposta local conduzida
primariamente por cé€lulas microgliais na auséncia de infiltracdo de leucocitos para o
parénquima cerebral. Assim como a inflamagdo periférica, a neuroinflamacdo torna-se
um processo nocivo, sendo amplamente aceito que deva contribuir para a patogénese de

muitas doengas do SNC incluindo as doencas neurodegenerativas cronicas.
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O uso de anti-inflamatérios para a doenca de Alzheimer (McGeer & Rogers 1992),
foi primeiro proposto nos inicio dos anos 90. A doenca de Alzheimer ¢ a mais comum
causa de deméncia relacionada a idade e uma das mais bem caracterizadas doencas
neurodegenerativas cronica. Duas caracteristicas da doenca sdo a formagdo de placas
senis, que sao depositos extracelulares de peptideo P-amiloide e emaranhados
neurofibrilares, que consistem de agregados intracelulares de proteina tau hiper
fosforilada nos neurénios. Em torno das placas senis, a microglia se torna ativada com
consequente aumento de proteinas do complemento, citocinas, quimiocinas e radicais
livres, fazendo com que a neuroinflamagdo se torne um ciclo vicioso, no qual varios
fatores como agregados proteicos e componentes celulares ou sinapses anormais ativem
mais a microglia, que por sua vez exacerba o depodsito B-amiloide e o dano neuronal
(Mrak & Griffin 2005). Desde entdo, varios estudos tem sido realizados para testar esta
hipotese (Akiyama et al. 2000, Kotilinek ez al. 2008, Heneka et al. 2005, Morihara et al.
2005),

Estudos em cultura de células astrogliais mostram que a aspirina ¢ capaz de reduzir
niveis proteicos € de mRNA de GFAP, sendo o NF-kB o principal alvo da aspirina nesta
regulacdo (Bae et al. 2006). Foi mostrado que aspirina bloqueia NF-«xB devido &
inibicao especifica da cinase IKK-B (Grilli et al. 1996, Yin et al. 1998). Outro estudo
mostra que a aspirina ¢ capaz de atenuar a producdo de metabolitos do acido
araquidonico em um modelo de neuroinflamacdo induzido por LPS em ratos (Basselin
et al. 2011). Em um modelo de cultura neuronal para a doenca de
Parkinson, aspirina parece aumentar a sobrevivéncia de neurdnios dopaminérgicos
(Carrasco & Werner 2002) e igualmente ao ibuprofeno protege neurdnios
dopaminérgicos da toxicicidade por glutamato, um importante fator implicado em

doencas neurodegenerativas, em cultura de mesencéfalo de rato (Casper et al. 2000).
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Em um estudo no qual neurénios corticais de ratos em cultura expostos a privagdo de
glicose e oxigénio, a aspirina ndo foi capaz de alterar a captacdo de glutamato, mas sim
inibir a liberagdo deste neurotransmissor via recuperagdo dos niveis de ATP (De
Cristobal et al. 2002).

Estudos em cultura primaria de astrocitos estimulada com citocinas pro-
inflamatérias como um modelo de ativagdo astrocitica mostram que o diclofenaco é
capaz de aumentar a produgdo de NO (Kakita et al. 2009), e a expressdo da proteina
aquaporina 4 (Asai et al. 2013) através da sinalizagdo por NK-«kB, além de aumentar a
atividade fagocitica de culturas microglias via produgdo de NO (Kakita et al. 2013). Em
um modelo de doenca de Parkinson induzido por rotenona em ratos, o uso de
ibuprofeno foi capaz de apresentar efeitos antidepressivo e antioxidante, associado ao
aumento dos niveis de GSH (Zaminelli et al. 2014) e também da inibicdo da NOX2,
uma enzima envolvida na geragdo de EROs pertencente a familia NOX de NADPH
oxidases, em um modelo de doenca de Alzheimer (Wilkinson et al. 2012). Além disso,
ele foi capaz de amenizar a astrogliose através da diminuigdo de GFAP em um modelo
de deméncia com camundongos trangénicos expressando corpos de Lewy (Sekiyama et
al. 2012). Em modelo de isquemia cerebral, o ibuprofeno proporcionou neuroprotecao
ao dano neuronal excitotoxico em culturas corticais mistas de astrocitos € neurdnios
(Iwata ef al. 2010).

A Nimesulida, inibidor seletivo da COX2, confere protecdo ao dano cerebral
isquémico através de reducao do dano oxidativo (Candelario-Jalil et al. 2003), além de
ser capaz de atenuar a expressao de GFAP e producao de mediadores proinflamatorios
em modelo de neuroinflamagdo utilizando LPS (Niranjan ef al. 2010).

Em relacdo aos anti-inflamatorios esteroidais, a dexametasona parece ser capaz de

modular a sinalizagdo de céalcio em astrocitos (Simard et al. 1999) e também pode
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proteger neurdnios da toxicidade por glutamato através da diminui¢do do célcio
intracelular (Suwanjang et al. 2013). O uso de dexametasona em culturas microgliais na
presenca de LPS diminui a produ¢do de espécies reativas de oxigénio via regulagdo
positiva de MKP-1 (Huo et al. 2011). Em co-cultura de astrocito e microglia, a
dexametasona foi capaz de aumentar a comunicacdo celular por juncdo gap,
aumentando a expressdo da proteina conexina 43 (Hinkerohe et al. 2011). Em um
modelo de meningite bacteriano de co-cultura com LPS, dexametasona foi capaz de

diminuir a ativagdo microglial e aumentar conexina 43 (Hinkerohe ef al. 2010).
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2. Objetivos

2.1. Objetivo geral
O objetivo deste trabalho foi investigar o efeito do LPS e de anti-inflamatorios
sobre parametros gliais envolvidos na neuroinflamagdo na presenga e auséncia

de LPS.

2.2. Objetivos Especificos

2.2.1. Avaliar o efeito da exposicdo a diferentes concentracdes de LPS sobre a
secre¢do de S100B e o conteudo de GSH em culturas primarias de
astrocitos, bem como em fatias frescas hipocampais de ratos Wistar.

2.2.2. Avaliar o efeito da exposicao a diferentes concentragdes de LPS sobre o
conteido de GFAP e¢ S100B e sobre a secrecdo de TNF-a em culturas
primarias de astrocitos.

2.2.3. Avaliar o efeito da administracdo central (injecdo ICV) ou periférica
(injecao IP) de LPS sobre as concentragdes de S100B e TNF-a no soro e
liquor de ratos Wistar.

2.2.4. Avaliar o efeito de anti-inflamatdrios esteroidais € nao esteroidais sobre
diferentes parametros gliais (imunocontetido e secrecdo de S100B,
conteido de GSH, imunoconteido de GFAP e secrecdo de TNF-a) em
culturas primarias de astrocitos.

2.2.5. Avaliar o efeito de anti-inflamatérios esteroidais e nao esteroidais na
presenca de LPS sobre diferentes parametros gliais (imunoconteudo e
secrecao de S100B, contetido de GSH, imunocontetido de GFAP e secrecao

de TNF-a) em culturas primdrias de astrocitos.
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Capitulo I

Lipopolysaccharide modulates astrocytic S100B secretion: a study in cerebrospinal fluid

and astrocyte cultures from rats

Artigo publicado no periddico “Journal of Neuroinflammation”.
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Abstract

Keywords: astrocyte, GFAP, glutathione, LPS, TLR4, ST00B

Background: Inflammatory responses in brain are primarily mediated by microglia, but growing evidence suggests
a crucial importance of astrocytes. S100B, a calcium-binding protein secreted by astrocytes, has properties of a
neurotrophic or an inflammatory cytokine. However, it is not known whether primary signals occurring during
induction of an inflammatory response (e.g. lipopolysaccharide, LPS) directly modulate ST00B.

Methods: In this work, we evaluated whether S100B levels in cerebrospinal fluid (CSF) and serum of Wistar rats are
affected by LPS administered by intraperitoneal (IP) or intracerebroventricular (ICV) injection, as well as whether
primary astrocyte cultures respond directly to lipopolysaccharide.

Results: Our data suggest that ST00B secretion in brain tissue is stimulated rapidly and persistently (for at least
24 h) by ICV LPS administration. This increase in CSF S100B was transient when LPS was IP administered. In
contrast to these STO0B results, we observed an increase in in TNFau levels in serum, but not in CSF, after IP
administration of LPS. In isolated astrocytes and in acute hippocampal slices, we observed a direct stimulation of
S100B secretion by LPS at a concentration of 10 pug/mL. An involvement of TLR4 was confirmed by use of specific
inhibitors. However, lower levels of LPS in astrocyte cultures were able to induce a decrease in ST00B secretion
after 24 h, without significant change in intracellular content of ST00B. In addition, after 24 h exposure to LPS, we
observed a decrease in astrocytic glutathione and an increase in astrocytic glial fibrillary acidic protein.

Conclusions: Together, these data contribute to the understanding of the effects of LPS on astrocytes, particularly
on S100B secretion, and help us to interpret cerebrospinal fluid and serum changes for this protein in
neuroinflammatory diseases. Moreover, non-brain S100B-expressing tissues may be differentially regulated, since
LPS administration did not lead to increased serum levels of S100B.

Background

S100B is a small very soluble calcium-binding protein
that is highly expressed and secreted by astrocytes in
the central nervous system (see [1] for a review). This
protein has many putative intracellular targets (e.g. glial
fibrillary acidic protein, GFAP) and, like other protein
members of the S100 family, is involved in regulation of

* Correspondence: marina.leite@ufrgs.br
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Departamento de Bioquimica, Instituto de Ciéncias Bésicas da Saude,
Universidade Federal do Rio Grande do Sul, Ramiro Barcelos, 2600- Anexo,
90035-003, Porto Alegre, Brazil

( BioMVed Central

the cytoskeleton and the cell cycle. Moreover, extracel-
lular S100B at nanomolar levels in in vitro assays has
trophic effects on astrocytes, neurons and microglia.
Many modulators of S100B secretion have been
described in astrocyte preparations, such as forskolin,
lyso-phosphatidic acid [2], fluoxetin [3] and kainate [4].
S100B secretion is also affected by metabolic stress con-
ditions such as elevated concentrations of glutamate [5],
glucose [6] and ammonium [7]. Other cells in the brain
(e.g. oligodendrocytes [8]) and outside (e.g. adipocytes
[9]) also express this protein, but whether S100B is

© 2011 Guerra et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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secreted by these cells and which secretagogues are
involved remain to be better characterized.

S100B has been proposed as a marker of astroglial
activation in brain disorders, and changes in its cere-
brospinal fluid and/or serum content have been asso-
ciated with various neurological and psychiatric diseases
[10,11]. Such disorders commonly have an important
inflammatory component, in which S100B has often
been thought of as a cytokine. Recently, we demon-
strated that IL-1 modulates S100B secretion in astro-
cyte cultures and hippocampal slices [12]. Moreover
there is evidence that SI00B modulates and is modu-
lated by pro-inflammatory cytokines [13-15]. However,
we do not know if primary signals in the induction of
inflammatory responses (e.g. LPS) directly modulate
S100B.

Astrocytes are the most abundant glial cells in the brain,
where they play key roles in neurotransmitter metabolism,
antioxidant defense and regulation of extracellular concen-
tration of potassium [16]. GFAP, as mentioned above, is a
specific marker of astrocytes and, frequently, its elevation
is a strong sign of astrogliosis, which occurs in several con-
ditions involving brain injury [17].

LPS, a component of the cell wall of gram-negative
bacteria, has been widely used experimentally to stimulate
inflammatory responses, including in the central nervous
system (e.g. [18]). Inflammatory response in the brain is pri-
marily mediated by microglia, but growing evidence sug-
gests a crucial importance of astrocytes as well [19]. Like
microglia, these cells have a toll-like receptor type
4 (TLR4), which belongs to TLR family receptors in the
vertebrate immune system and specifically recognizes LPS
[20].

Recent studies have shown that astrocytes respond to
LPS, decreasing expression of proteins such as gap junc-
tion proteins [21], and increasing expression of others
such as GFAP and glutathione-S-transferase [22,23].
Interestingly, we have demonstrated that gap junction
inhibitors increase secretion of S100B from astrocytes
and hippocampal slices [24].

Our working hypothesis was that S100B is released by
astrocytes as a cytokine in response to LPS. In this
study, we evaluated whether S100B content in cere-
brospinal fluid (CSF) and serum of rats is affected by
LPS administered by intraperitoneal or intracerebroven-
tricular injection, as well as whether astrocyte cultures
and acute hippocampal slices respond directly to LPS.
In parallel, we investigated whether LPS affects the con-
tent of GFAP and glutathione in astrocyte cultures, as
indices of astrogliosis (GFAP) and antioxidant defense
(based on capacity for synthesis and release of glu-
tathione). Moreover, we measured the profile of secre-
tion of TNFa, a cytokine that is well-known to respond
to LPS.
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Methods

Materials

Poly-L-lysine, antibody anti-S100B (SH-B1), methylthiazo-
lyldiphenyl-tetrazolium bromide (MTT), neutral red, and
lipopolysaccharides from Escherichia coli (LPS) 055:B5
were purchased from Sigma [St. Louis, USA]. Fetal calf
serum (FCS), Dulbecco’s modified Eagle’s medium
(DMEM) and other materials for cell culture were pur-
chased from Gibco [Carlsbad, USA]. Polyclonal anti-S100B
and anti-rabbit peroxidase linked were purchased from
DAKO [Sdo Paulo, Brazil] and GE [Little Chalfont United
Kingdom)], respectively. Inhibitors for TLR4 (CLI-095 and
OxPAPC) were from InVivoGen [San Diego, USA].

Surgical procedure for intracerebroventricular (ICV) LPS
infusion

Procedures were carried out in accordance with the NIH
Guide for the Care and Use of Laboratory Animals and
were approved by the local authorities. Adult Wistar rats
(90 days old) were used. For ventricular access, the ani-
mals were anesthetized with ketamine/xylazine (75 and 10
mg/Kg, respectively, i.p.) and placed in a stereotaxic appa-
ratus. A midline saggital incision was made in the scalp
and one burr hole was drilled in the skull over both ventri-
cles. The following coordinates were used: 0.9 mm poster-
ior to bregma; 1.5 mm lateral to saggital suture; 3.6 mm
beneath the brain surface [25]. The rats received 5 pL
ICV/side of LPS 2.5 ug/puL or phosphate-buffered saline
(control). After the surgical procedure, rats were kept in a
stereotactic holder for 30 min or 24 h and CSF was
obtained by puncture of the cisterna magna using an insu-
lin syringe. A maximum volume of 30 pL was collected
over a 3-min period to minimize risk of brain stem
damage. The blood samples were collected by careful
intracardiac puncture, using a 5-mL non-heparinized syr-
inge to obtain 3 mL of blood. Blood samples were incu-
bated at room temperature (25°C) for 5 min and
centrifuged at 3200 rpm for 5 min to obtain serum. Cere-
brospinal fluid and serum samples were frozen (-70°C)
until used for S100B or TNFa analysis.

Intraperitoneal (IP) LPS infusion

Wistar rats (90 days old) were used for intraperitoneal
injection of 0.3 mL of LPS, 250 pg/Kg, or phosphate-buf-
fered saline (control). After 30 min or 24 h, the animals
were anesthetized with ketamine/xylazine (75 and 10 mg/
Kg, respectively, i.p.) and placed in a stereotaxic apparatus
for CSF puncture. Blood samples were obtained by intra-
cardiac puncture, and the animals were killed by
decapitation.

Cell culture

Primary astrocyte cultures from Wistar rats were pre-
pared as previously described [26]. Procedures were
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carried out in accordance with the NIH Guide for the
Care and Use of Laboratory Animals and were approved
by the local authorities. Briefly, cerebral cortices of new-
born Wistar rats (1-2 days old) were removed and
mechanically dissociated in Ca®**- and Mg”*-free
balanced salt solution, pH 7.4, containing (in mM): 137
NaCl; 5.36 KCI; 0.27 Na,HPOy; 1.1 KH,PO,4 and 6.1 glu-
cose. The cortices were cleaned of meninges and
mechanically dissociated by sequential passage through a
Pasteur pipette. After centrifugation at 1400 RPM for
5 min the pellet was resuspended in DMEM (pH 7.6)
supplemented with 8.39 mM HEPES, 23.8 mM NaHCOs,,
0.1% amphotericin, 0.032% gentamicin and 10% fetal calf
serum (FCS). Cultures were maintained in DMEM con-
taining 10% FCS in 5% CO,/95% air at 37°C, allowed to
grow to confluence, and used at 15 days in vitro.

Hippocampal slices

Hippocampal slices were prepared as previously
described [27]. Procedures were carried out in accor-
dance with the NIH Guide for the Care and Use of
Laboratory Animals and were approved by the local
authorities. Thirty-day old Wistar rats were killed by
decapitation and the brains were removed and placed in
cold saline medium with the following composition (in
mM): 120 NaCl; 2 KCl; 1 CaCly; 1 MgSOy; 25 HEPES;
1 KH,POy, and 10 glucose, adjusted to pH 7.4 and pre-
viously aerated with O,. The hippocampi were dissected
and transverse slices of 0.3 mm were obtained using a
Mcllwain Tissue Chopper. Slices were then transferred
immediately into 24-well culture plates, each well con-
taining 0.3 ml of physiological medium and only one
slice. The medium was changed every 15 min with fresh
saline medium at room temperature (maintained at
25°C). Following a 120-min equilibration period, the
medium was removed and replaced with physiological
saline with or without LPS for 60 min at 30°C on a
warm plate. Afterwards, media were collected and stored
at -70°C until used for assay of S100B or TNFa.

S100B measurement

S100B was measured by ELISA, as previously described
[28]. Briefly, 50 ul of sample plus 50 ul of Tris buffer
were incubated for 2 h on a microtiter plate previously
coated with monoclonal anti-S100B. Polyclonal anti-S100
was incubated for 30 min and then peroxidase-conju-
gated anti-rabbit antibody was added for a further
30 min. Color reaction with o-phenylenediamine was
measured at 492 nm. The standard S100B curve ranged
from 0.002 to 1 ng/ml.

GFAP measurement
ELISA for GFAP was carried out, as previously described
[29], by coating microtiter plates with 100 uL samples for
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24 h at 4°C. Incubation with a polyclonal anti-GFAP
from rabbit for 1 h was followed by incubation with a
secondary antibody conjugated with peroxidase for 1 h,
at room temperature. A colorimetric reaction with o-phe-
nylenediamine was measured at 492 nm. The standard
human GFAP (from Calbiochem) curve ranged from 0.1
to 5 ng/mL.

MTT reduction assay

Cells were treated with 50 ug/mL Methylthiazolyldiphe-
nyl-tetrazolium bromide (MTT) for 30 min in 5% CO,/
95% air at 37°C. Afterwards, the media was removed and
MTT crystals were dissolved in DMSO. Absorbance values
were measured at 560 and 650 nm. The reduction of MTT
was calculated as (absorbance at 560 nm) - (absorbance at
650 nm).

Neutral red uptake

Neutral red incorporation was carried out as previously
described [24] with modifications. Cells were treated with
50 pg/mL neutral red (NR) for 30 min in 5% CO,/95% air
at 37°C. Afterwards, the cells were rinsed twice with PBS
for 5 min each and NR dye taken up by viable cells was
extracted with 500 uL of acetic acid/ethanol/water (1/50/
49). Absorbance values were measured at 560 nm.

Lactate dehydrogenase (LDH) assay
Lactate dehydrogenase assay was carried out in 50 pL of
extracellular medium, using a commercial colorimetric
assay from Doles (Goiania, Brazil).

Glutathione content

Glutathione content was determined as previously
described [30]. Briefly, hippocampal slices or astrocyte cul-
tures were homogenized in sodium phosphate buffer
(0.1 M, pH 8.0) containing 5 mM EDTA and protein was
precipitated with 1.7% meta-phosphoric acid. Supernatant
was assayed with o-phthaldialdehyde (1 mg/mL of metha-
nol) at room temperature for 15 min. Fluorescence was
measured using excitation and emission wavelengths of
350 and 420 nm, respectively. A calibration curve was per-
formed with standard glutathione solutions (0-500 y#M).

Tumor necrosis factor o (TNFo) measurement

This assay was carried out in 100 pL of CSF, serum or
extracellular medium, using a rat TNFo ELISA from
eBioscience (San Diego, USA).

Statistical analysis

Parametric data are reported as mean * standard error
and were analyzed by Student’s ¢ test (when two groups
were considered) or by one-way analysis of variance
(ANOVA) followed by Duncan’s test, in the SPSS-16.0.
Data from GFAP, S100B and TNFa measurements were
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log-transformed to satisfy the assumption of the statisti-
cal tests when necessary. Tests are specified in the
legends, with level of significance set at p < 0.05.

Results

LPS induces increases in S100B levels in cerebrospinal
fluid, but not in serum

Anesthetized adult rats received 10 uL ICV of 2.5 pg/uL
LPS or phosphate-buffered saline (control). CSF and
blood were collected at 30 min or 24 h after LPS admin-
istration. A significant increase in CSF S100B was
observed at 30 min (p = 0.009) and 24 h (p = 0.003)
(Figure 1A), without significant changes in S100B serum
content (p = 0.99, 30 min and p = 0.47, 24 h) (Figure 1B).
Interestingly, when rats received IP LPS (250 ug/Kg
body) they also exhibited an increase in CSF S100B
at 30 min (p = 0.007), but not at 24 h (p = 0.68) (Figure
1C), and again no significant changes in serum S100B
were observed when compared with controls that
received phosphate-buffered saline (p = 0.28, 30 min and
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p = 0.32, 24 h) (Figure 1D). Notice that, assuming a mean
body weight of rats of 0.3 Kg, the amount of LPS admi-
nistered IP and ICV was 75 and 25 pg, respectively.

LPS directly affects astrocytic ST00B secretion, apparently
without changing the intracellular content of this protein

In order to investigate whether this effect was attributable
to a direct effect of LPS on astrocytes, we added different
concentrations of LPS (from 0.01 to 30 pg/mL) to primary
astrocyte cultures and extracellular SI00B was measured
at 1 h (Figure 2A) and 24 h (Figure 2B). At 1 h, LPS (at
concentrations from 10 ug/mL upwards) increased S100B
secretion (p < 0.001, ANOVA). Conversely, at 24 h, LPS
caused a decrease in S100B secretion, even with LPS con-
centrations as low as 0.01 pg/mL (p < 0.001). Acute hippo-
campal slices were also exposed to LPS for 1 h (Figure 2C)
and a decrease in S100B secretion was observed at LPS
concentrations from 0.1 to 1 pg/mL (p < 0.001). However,
LPS at 10 pg/mL produced an increase in S100B secretion
(p < 0.001). In order to characterize whether the effect of

S100B CSF (ICV LPS)
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Figure 1 LPS induces increased levels of S100B in cerebrospinal fluid (CSF), but not in serum. Intracerebroventricular injection of LPS, or
saline solution, was carried out in adult Wistar rats under anaesthesia. After 30 min or 24 h, cerebrospinal fluid was collected by magna
puncture (A) and blood by intracardic puncture (B). The control group is represented by grey bars and the LPS-treated group is represented by
open bars. Each value is a mean (+ standard error) from 5 rats per group. Intraperitoneal infusion of LPS, or saline solution, was carried out in
adult Wistar rats under anaesthesia. After 30 min or 24 h, CSF was collected by magna puncture (C) and blood by intracardic puncture (D). The
control group is represented by grey bars and the LPS-treated group is represented by open bars. Each value is a mean (+ standard error) from
5 rats per group. * Significantly different from respective control (Student t test, p < 0.05).
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Figure 2 S100B secretion is modified by LPS in astrocyte cultures and acute hippocampal slices. Rat cortical astrocytes were cultured in
DMEM containing 10% FCS. After confluence, the medium was replaced by DMEM without serum in the presence or absence of LPS (from 0.01

to 30 pg/mL). ST00B was measured by ELISA at 1 h (A) and 24 h (B). Each value is a mean (+ standard error) of at least 5 independent
experiments performed in triplicate. Means indicated by different letters are significantly different, assuming p < 0.05. (C) Adult Wistar rats were
killed by decapitation and 0.3 mm hippocampal slices were obtained using a Mcllwain chopper. After a metabolic recovery period, hippocampal
slices were exposed to LPS (from 0.1 to 10 pg/mL) and the extracellular content of ST00B measured by ELISA at 1 h. Each value is the mean (+
standard error) of at least 5 independent experiments performed in triplicate. Means indicated by different letters are significantly different (one

way ANOVA followed by Duncan’s test, with a significance level of p < 0.05).
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LPS is mediated by TLR4, we incubated astrocytes with
specific inhibitors for this receptor (Cli-095 and OxPAPC,
at 1 uM and 30 pg/mL, respectively). Both CLI-095
(Figure 3) and OxPAPC (data not shown) abolished the
effect of LPS. It is important to mention that OXPAPC per
se increased S100B secretion and therefore it is difficult to
affirm that this inhibitor prevented the effect induced by
LPS.

After 24 h of exposure to LPS, we measured S100B
and GFAP content in lysed preparations of astrocyte
cultures (Figure 4A and 4B, respectively). No significant
changes were observed in S100B content (p = 0.85), but
interestingly an increase in GFAP content was observed
at all concentrations of LPS (p = 0.04).

LPS decreases glutathione content, but does not affect
cell viability and integrity

Another parameter analyzed to evaluate astroglial activity
was intracellular content of glutathione. After exposure of
astrocytes to LPS (at concentrations from 0.01 to 30 pg/
mL), we observed a decrease in intracellular content of
glutathione after 24 h (p = 0.011), but not at 1 h (p = 0.49)
(Figure 5A and 5B). Hippocampal slice preparations also
exhibited a decrease in glutathione content after LPS
exposure for 1 h (p = 0.015) (Figure 5C).

In order to detect a possible toxic effect of LPS in our
preparations, we evaluated their capacities for MTT reduc-
tion, neutral red incorporation and LDH release. No
changes in MTT reduction assay (p = 0.25) (Figure 6A) or
in neutral red assay (p = 0.37) (Figure 6B) were induced in
astrocyte cultures exposed to LPS (from 0.01 to 30 pg/mL).
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Figure 3 The LPS-induced decrease in S100B secretion is
abolished by inhibition of TLR4. Rat cortical astrocytes were
cultured in DMEM containing 10% FCS. After confluence, the
medium was replaced by DMEM without serum in the presence or
absence of 0.1 ug/mL LPS and 1 uM CLI-095, an inhibitor of TLR4.
S100B was measured by ELISA at 24 h. Each value is a mean (£
standard error) of at least 5 independent experiments performed in
triplicate. Means indicated by different letters are significantly
different (one way ANOVA followed by Duncan’s test, with a
significance level of p < 0.05).
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Figure 4 Intracellular GFAP content is modified by LPS without
change in intracellular ST00B content in astrocytes. Rat cortical
astrocytes were cultured in DMEM containing 10% FCS. After
confluence, the medium was replaced by DMEM without serum in the
presence or absence of LPS (from 0.01 to 30 pg/mL). Cells were lysed
and intracellular contents of S100B (A) and GFAP (B) were measured
by ELISA. Each value is the mean (z standard error) of at least 5

independent experiments performed in triplicate. Means indicated by
different letters are significantly different (one way ANOVA followed by
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Duncan’s test, with a significance level of p < 0.05).

In addition, no changes in LDH release were seen (data
not shown). Similar assays were also carried out in slice
preparations confirming cell viability and integrity (data
not shown).

LPS induces an increase in TNFo in serum, but not in CSF
Finally, we measured the response of the classic inflam-
matory cytokine, TNFa, to LPS in vivo to confirm the
activity of this compound and to compare this response
to that of S100B protein. In contrast to results for S100B,
at 30 min and 24 h after IP administration of LPS
(approximately 75 ug) we observed an increase in TNFa
in serum (p = 0.04, 30 min and p = 0.04, 24 h), but not in
CSF (p = 0.15, 30 min and p = 0.34, 24 h) (Table 1).
When LPS (25 pg) was administered ICV we found an
early and transient increase in TNFa in serum (p <
0.001) (at 30 min) and a later increase in CSF (p = 0.006)
(at 24 h) (Table 2). In addition, we observed an increase
in LPS-induced TNFa release from astrocyte cultures at
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Figure 5 GSH content is modified by LPS in astrocyte cultures
and hippocampal slices. Rat cortical astrocytes were cultured in
DMEM containing 10% FCS. After confluence, the medium was
replaced by DMEM without serum in the presence or absence of
LPS (from 0.01 to 30 pg/mL). Cells were lysed in 1 h (A) or 24 h (B)
and intracellular GSH content was measured. Each value represents
the mean (+ standard error) of at least 5 independent experiments
performed in triplicate. Means indicated by different letters are
significantly different (one way ANOVA followed by Duncan’s test,
with a significance level of p < 0.05). (C) Adult Wistar rats were
killed by decapitation and 0.3 mm hippocampal slices were
obtained using a Mcllwain chopper. After a metabolic recovery
period, hippocampal slices were exposed to LPS (from 0.1 to 10 pg/
mL) and intracellular content of ST00B was measured by ELISA at 1
h. Each value is the mean (£ standard error) of at least 5
independent experiments performed in triplicate. Means indicated
by different letters are significantly different (one way ANOVA
followed by Duncan'’s test, with a significance level of p < 0.05).
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Figure 6 LPS does not affect cell viability. Rat cortical astrocytes
were cultured in DMEM containing 10% FCS. Confluent astrocytes
were exposed to LPS (from 0.01 to 30 pg/mL), during 24 h. At the
end, cells were incubated with MTT (A) or neutral red (B). Each
value is the mean (+ standard error) of at least 5 independent
experiments performed in triplicate. Statistical analysis was
performed by one way ANOVA.

1, 6 and 24 h after exposure to LPS (Figure 7, p < 0.001).
We were not able to detect TNFo release in acute hippo-
campal slices.

Discussion

S100B has been proposed as a marker of brain injury
and its elevation in CSF has been interpreted as a signal
of astroglial activation [10,11]. Moreover, it has been
assumed that S100B from CSF easily crosses the blood
brain barrier and that a S100B increment in peripheral
blood is indicative of brain injury. However, in some

Table 1 Serum and CSF TNF, levels after IP
administration of LPS in rats

Control LPS? P
Serum (30 min) 34+10 1921 £ 972 0.046*
Serum (24 h) 1.1 +04 26+02 0.021*
CSF (30 min) 27+10 11 +£05 0.145
CSF (24 h) 83+55 25410 034

Values are mean (pg/mL) + standard error (n = 5). Statistical analysis was
performed using Student’s t test, * indicates p < 0.05; * 250 pg/Kg.
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Table 2 Serum and CSF TNF, after ICV administration of
LPS in rats

Control LPsP P
Serum (30 min) 07+03 121.6 + 400 0.001*
Serum (24 h) 1.1 +£03 10+£03 0.945
CSF (30 min) 388 £ 98 75.1 £ 249 0215
CSF (24 h) 17+£12 196 + 45 0.006*

Values are mean (pg/mL) + standard error (n = 5). Statistical analysis was
performed using Student’s t test, * indicates p < 0.05; ® 25 ug

pathophysiological conditions other interpretations are
possible and, consequently, an intense debate has been
developed, mainly because there are extra-cerebral
sources of S100B [31].

Serum levels of S100B after exposure to LPS have
been measured in some studies. S100B protein blood
levels in fetal sheep were found to be significantly higher
1 h after LPS administration (intravenous [IV], 5 mg/Kg)
and to return to baseline between 12 and 72 h after
exposure [32]. Similarly, in Sprague-Dawley rats, this
quantity of LPS is able to induce an increase in serum
S100B 5h later [33]. In our study, ICV (2.5 ng) or IP.
administration (0.25 mg/Kg) of LPS to Wistar rats did
not alter serum S100B levels, measured 30 min and 24
h after exposure. This discrepancy could be due to the
different quantities of LPS employed, to its method of
administration, or to the type of animal. Importantly,
LPS (IV 2 ng/Kg), when given to humans, is not able to
induce significant changes in serum S100B at 1 h or 8 h
post treatment [34].

In addition to measuring serum S100B, we also evalu-
ated S100B levels in CSF, astrocyte cultures and acute
hippocampal slices of rats exposed to LPS. Astrocytes
are thought of as active cells in the immune response,
because they have receptors for this response (e.g TLR4)
and are able to secrete cytokines [19,35]. We found an
increase in CSF S100B after LPS both for ICV (early
and persistent response) and for IP administration (early
and transient response). Notice that LPS is potentially
able to cross the blood-brain barrier [36]. Clearly no
immediate increment in serum S100B occurred in either
condition. This suggests brain-specific, LPS-induced
release of S100B, i.e., peripheral immune cells stimulated
by LPS did not release or cause a detectable S100B
release from potential extra-cerebral sources of S100B
(e.g. adipocytes). In other words, these data suggest dif-
ferent LPS-sensitivities for S100B secretion in central
and peripheral S100B-expressing cells. Conversely, we
observed an immediate serum TNFo increase after LPS
administration by both ICV and IP routes. It has been
proposed that TNFa is able to mediate S100B secretion
in astrocytes [37]. However, under LPS stimulation, our
results regarding the profiles of increases in TNFo and
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Figure 7 TNFo secretion is modified by LPS in astrocyte
cultures. Rat cortical astrocytes were cultured in DMEM containing
10% FCS. After confluence, the medium was replaced by DMEM
without serum in the presence or absence of LPS (from 0.01 to 30
pg/mLb). TNFoo was measured by ELISA at 1 h (A) and 6 h (B). Each
value is a mean (+ standard error) of at least 5 independent
experiments performed in triplicate. Means indicated by different
letters are significantly different (one way ANOVA followed by

Duncan'’s test, with a significance level of p < 0.05).

S100B in serum and CSF suggest independent responses
(Table 3).

Other aspects must be emphasized. The increase in CSF
S100B levels that we found was not accompanied or
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Table 3 Qualitative comparison of TNFo and S100B levels
in serum and CSF after LPS administration

TNFo S100B
LPS IP Serum (30 min) 1 -
Serum (24 h) 1 _
CSF (30 min) - 1
CSF (24 h) - -
LPS ICV Serum (30 min) i -
Serum (24 h) - _
CSF (30 min) - 1
CSF (24 h) 1 1

1 indicates a significant increase compared to control, with a significance level
of p < 0.05; - indicates no significant difference compared to control. See
Table 1, Table 2 and Figure 1 for details.

followed by an increase in serum S100B levels, at least in
measurements made at the evaluated times (30 min and
24 h after LPS). This increase in CSF S100B was rapid (i.e.
detected in 15 min) and lasting (for at least 24 h). Notice
that control animals for the experiments involving ICV
administration of LPS exhibited higher levels of CSF
S100B (Figure 1A) than did controls for IP administration
(Figure 1C), suggesting a response to the invasive
procedure.

Astrocytes in culture secreted S100B directly in response
to LPS (from 10 pg/mL upward) at 1h, but at 24 h a
decrease in secretion (dependent on LPS concentration)
was observed even at lower concentrations. This suggests
a biphasic response, i.e. an increase in S100B secretion, fol-
lowed by a decrease. This profile has been observed in
astrocyte cultures under other conditions, such as expo-
sure to beta-hydroxybutyrate [38]. This rapid and transient
stimulation of S100B secretion in astrocyte cultures was
also observed for the cytokine IL-1B, but without a
decrease at 24 h [12]. This finding could suggest that the
LPS effect is direct and independent of secondarily-
released IL-1B. Other studies have reported an increase in
cell content of S100B in C6 glioma cells after 24 h of expo-
sure to IL-1B [39] or no change in astrocyte cultures after
48 h [40] and a decrease in S100B content in cultured
astrocytes after 3 days of exposure to TNFa [37]. How-
ever, these studies did not measure S100B secretion ade-
quately and it is not possible to speculate about a
secondary effect of these two cytokines on S100B secretion
after long-term LPS exposure under the conditions used
here. Therefore, in agreement with our working hypoth-
esis, it appears that LPS is able to directly modulate S100B
secretion.

In addition, when we used acute hippocampal slices to
evaluate S100B secretion at 1 h, we also observed an
increase in S100B secretion with LPS at 10 pg/mL, but
conversely we observed a decrease in LPS at 0.1 or 1 pg/
mL. These preparations are complex from a cellular view,
i.e. in addition to astrocytes, they contain active microglia
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and neurons, which makes interpretation of the control of
S100B release difficult. However, a similar result, obtained
in response to endothelin-1, has also been observed [24].
This compound, due to its blocking effect on gap junc-
tions, increases S100B secretion in astrocyte cultures in
the first hour, but after 6 hours decreases S100B secretion.
Similarly, in acute hippocampal slices, endothelin-1
decreases S100B secretion at 1 h. Potentially, both LPS
and endothelin-1 down-regulate gap junction proteins.
Although we have no doubt about the effects of LPS and
endothelin-1 on S100B secretion in acute hippocampal
slices, we have no explanation for this effect, when com-
pared to that observed in isolated astrocytes, at this
moment.

Secreted S100B is a very small part of total cell content
(less than 0.5% is found in the medium of astrocyte cul-
tures at 24 h) and changes in S100B secretion are not
necessarily accompanied by changes in the cell content
[31]. In fact, in our experiments LPS changed S100B secre-
tion without affecting cell content of this protein. On the
other hand, GFAP content was increased by all concentra-
tions of LPS used, indicating astroglial activation. This is
in agreement with previous reports about the effects of
LPS on astrocyte cultures [22,23]. This reinforces the idea
that GFAP and S100B have distinct regulatory mechan-
isms of expression and that astrogliosis (as assessed by
GFAP increment) can either be accompanied or not
accompanied by changes in cell S100B content [41].

Another interesting aspect of our findings is decreased
glutathione content after LPS exposure. The decrease in
glutathione content in astrocytes at 24 h (but not at 1 h)
is possibly associated with up-regulation of glutathione-
S-transferase, as observed very recently [22]. Part of the
decrease could involve an intense exportation of this pep-
tide, since it serves as an extracellular antioxidant, and
also provides substrates for neuronal synthesis of glu-
tathione [42]. In addition, we also found a decrease in
glutathione content in acute hippocampal slices exposed
to LPS.

In spite of this decrease in antioxidant defense, both
preparations exhibited excellent viability and integrity,
based on MTT reduction assays, neutral red incorpora-
tion and LDH release. These assays, performed in paral-
lel to assays for SI00B measurements, allowed us to be
emphatic throughout the text about S100B secretion,
instead of S100B release.

Although S100B has cytokine-like actions (e.g. [43]),
some caution should be taken in the categorization of
S100B as a cytokine. In contrast to classical cytokines,
S100B is not produced exclusively for secretion; only a
very small part is exported. More recently, some authors
have suggested that S100B, like other members of the
$100 family, may act as an alarmin or damage-associated
molecular pattern (see [44] for a review). However,

38


Ina
Texto digitado
38


Guerra et al. Journal of Neuroinflammation 2011, 8:128
http://www.jneuroinflammation.com/content/8/1/128

independently of these conceptions, our data suggest that
S100B secretion is modulated by LPS. In fact, secretion
of S100B might be protective during the initial phase of
LPS challenge. In contrast, prolonged LPS treatment
results in a dose-dependent decrease in S100B secretion
from astrocytes. This indicates that one potential effect
of long-lasting exposure to LPS might be decreased
secretion of trophic factors from astrocytes.

It should be noted that some aspects of the effect of LPS
remain unclear. Firstly, is the effect of LPS mediated exclu-
sively by TLR-4 in astrocytes? We cannot rule out other
possibilities at this moment, since LPS could be acting on
other receptors (e.g. CD14 and LBP [45]. Secondly, it is
still not clear whether LPS can affect S100B secretion in
other S100-expressing cells. There are many extracerebral
S100B-expressing cells that affect serum S100B levels [46]
and these, apparently, were not mobilized under our con-
ditions of LPS stimulation. However, further studies must
investigate specific extracerebral sources of SI00B. For
example, it is known that enteroglia respond to LPS by
increasing levels of S100B mRNA [47]. Third, whether
gram-negative infectious agents could cause similar effects
on S100B secretion, mediated by LPS release, is not clear
at the moment. Interestingly, serum S100B was found to
be increased in patients with cerebral and extracerebral
infectious disease [48]. In that study, S100B elevation was
generally higher in patients with cerebral infections than
in extracerebral infections. However, specific and chronic
effects of gram-negative bacteria on central and peripheral
S100B deserve further investigation.

Conclusions

Our data suggest that S100B secretion in brain tissue is
stimulated rapidly and persistently (at least for 24 h) by
ICV administration of LPS. Moreover, no changes were
observed in serum levels of this protein. This profile is
quite different from that of TNFa, a canonical inflam-
matory cytokine. In isolated astrocytes and acute hippo-
campal slices, we observed a direct stimulation of S100B
secretion by LPS at a concentration of 10 pg/mL,
mediated by TLR4. However, in astrocyte cultures,
lower levels of LPS were able to induce a decrease in
S100B secretion 24 h afterwards, without significant
changes in the intracellular content of S100B. In addi-
tion, after 24 h of exposure of astrocytes to LPS, we
observed a decrease in glutathione and an increase in
GFAP. Together, these data contribute to our under-
standing of the effect of LPS on astrocytes, particularly
on S100B secretion, and help us to interpret cerebrosp-
inal fluid and serum changes of this protein in neuroin-
flammatory diseases and brain disorders in general.
Moreover, S100B-expressing tissues may be differentially
regulated, since LPS did not lead to increases in serum
S100B.
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Abstract

Many studied have looked for a connection of S100B, an astrocyte derived protein and
degenerative diseases including Alzheimer’s disease and schizophrenia. The therapeutic
use of non-steroid anti-inflammatory drugs (NSAID) to these diseases has growth up.
However, there are few reports about the effect of these drugs on S100B. Herein, we
evaluated S100B content and secretion measured by ELISA (as well as GFAP content
and TNF-a secretion) in primary astrocyte cultures exposed to dexamethasone and four
different chemical classes of NSAID (acetyl salicylic acid, ibuprofen, diclofenac and
nimesulide) for 24 h. Our data suggest that NSAIDs have differentiated effect on glial
parameters. ASA and diclofenac can increase GFAP while nimesulide, a selective
COX-2 inhibitor, and dexamethasone were able to decrease S100B secretion. However,
all anti-inflammatories were able to reduce levels of PGE2. Therefore, PGE2 is possibly
involved in the mechanism of S100B secretion but additional pathways, unclear at this
moment, demand further characterization. The inflammatory role of S100B in
degenerative diseases, where also is observed elevated levels of COX-2 and PGE2,

could be attenuated by COX-2 inhibitors.

Key-words: Astrocytes, Alzheimer, COX-1/2, NSAID, S100B, Schizophrenia,
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Background

The inflammatory basis of many neurodegenerative diseases including Alzheimer’s
disease, Parkinson’s disease, multiple sclerosis, schizophrenia and major depression has
guided a pharmacological strategy using anti-inflammatories, whose main effect (but
not exclusively) is inhibition of cyclooxygenases 1 and 2 (COX-1/2) [1, 2]. The
neuroprotective action of COX-2 inhibitors against Alzheimer’s disease has been
proposed based on some epidemiological evidence e.g. [3] and experimental use of
these compounds in transgenic models [4, 5] and streptozotocin-induced models of
Alzheimer’s disease [6]. Moreover, clinical trials with the anti-inflammatories naproxen
and celecoxib suggest that the prevention is more efficient when compared to
therapeutic intervention [7, 8]. In addition, for other inflammatory-based brain diseases

seems that COX-2 inhibitors have a more favorable effect in the early stages.

Recent studies have suggested that glial cells, particularly astrocytes, are essential
elements and putative therapeutic targets in the brain inflammation [9]. Astrocytes are
functionally coupled to the glutamatergic synapses by glutamate uptake and release of
glutamine [10, 11], as well as they in an inflammatory scenario directly release
glutamate, which could modulate synaptic transmission [12]. In fact, Volterra’s group
showed that prostaglandins, the downstream products of COX-1/2, can stimulate
glutamate release by astrocytes [13]. Up-regulation of GFAP or changes in other
astrocyte markers have been used to characterize ‘“reactive astrocytes” in the
neuroinflammatory process [14]. One of them is S100B, a 21 kDa calcium binding
protein produced and secreted by astrocytes [15]. Peripheral levels (in serum or CSF) of
this protein have been used as indicative of neural damage and/or astrocyte activity [16].

In fact, cultured astrocytes acutely exposed to LPS secrete S100B [17].
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Many works have looked for a connection of S100B and degenerative diseases [18],
particularly Alzheimer’s disease [19]. Gene for S100B protein is found in the same
region of chromosome 21, where is located the amyloid precursor protein (APP) [20]
and, in addition, elevated levels of S100B can induce APP expression [21]. However,
there is little or controversial information about anti-inflammatories affecting COX-1/2
and S100B. A pioneer work showed that dexamethasone, a steroid anti-inflammatory,
inhibits S100B production in C6 glioma cells [22]. In addition, dexamethasone also
decreased S100B in astrocyte cultures [23] and hippocampal tissue [24]. Among non-
steroid anti-inflammatory drugs (NSAID) flufenamic acid [25], NS-398 [26] and
parecoxib [27], which are COX-2 inhibitors, apparently modulate extracellular levels of

S100B.

In this work, we evaluated S100B content and secretion (as well as GFAP content and
TNF-a secretion) in primary astrocyte cultures exposed to dexamethasone and four
different chemical classes of NSAID, chosen by their effect in some other particular
astroglial parameter already measured in glial cultures (see Table 1). The in vivo effect
on glial parameters also was investigated. We observed varied effect of different anti-
inflammatory compounds and discussed the possible implications to neuroinflammation

and brain related diseases.

Methods

Materials. Poly-L-lysine, antibody anti-S100B (SH-B1), methylthiazolyldiphenyl-
tetrazolium bromide (MTT) and neutral red were obtained from Sigma Aldrich (St.
Louis, USA). Fetal calf serum (FCS), Dulbecco’s modified Eagle’s medium (DMEM)
and other materials for cell culture were purchased from Gibco (Carlsbad, USA).

Polyclonal anti-S100B and anti-rabbit peroxidase linked were obtained from DAKO
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(Sao Paulo, Brazil) and GE (Little Chalfont, United Kingdom), respectively. Anti-
COX1 and anti-COX2 were purchased from Santa Cruz Biotechnology (Dallas, USA).
Anti-inflammatory drugs (ASA, diclofenac, ibuprofen, dexamethasone and nimesulide)

were obtained from Sigma Aldrich (St. Louis, USA).

Anti-inflammatory intracerebroventricular (ICV) injection. Adult male Wistar rats
weighing 270-310 g, 60 days old, were used for ventricular access in stereotaxic
surgery. Procedures were carried out in accordance with the NIH Guide for the Care and
Use of Laboratory Animals and were approved by the local authorities. Animals were
anesthetized with ketamine/xylazine (75 and 10 mg/Kg, respectively, i.p.) and
positioned in a stereotaxic frame. A midline sagittal incision was made in the scalp and
one burr hole was drilled in the skull over right side ventricle. The following
coordinates were used: 0.9 mm posterior to bregma; 1.5 mm lateral to sagittal suture;
3.6 mm beneath the brain surface. Unilateral ICV injection of diclofenac (n = 5) or
acetylsalicylic acid (ASA) (n = 5), dissolved in DMSO 10 %, was slowly injected 5 pl
using Hamilton microsyringe. Assuming a CSF volume of 200 pL (excluding
subarachnoid space) final diclofenac and ASA concentration were 100 pM. Control
group (n = 5) was injected the same volume of DMSO 10%. After 24 h, cisterna magna
was accessed for CSF puncture in a stereotactic holder with an insulin syringe. A
maximum volume of 30 puL was collected over a 3-min period to minimize the risk of
brain stem damage. The blood samples were collected by careful intracardiac puncture,
using a 5-mL non-heparinized syringe to obtain 3 mL of blood. Blood samples were
incubated at room temperature (25°C) for 5 min and centrifuged at 3200 rpm for 5 min

to obtain serum. Hippocampal tissue was frozen (-70°C) until used for GFAP analysis.

Cell culture. Primary astrocyte cultures from Wistar rats were prepared as previously

described [28]. Procedures were carried out in accordance with the NIH Guide for the
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Care and Use of Laboratory Animals and were approved by the local authorities.
Briefly, cerebral cortices of newborn Wistar rats (1-2 days old) were removed and
mechanically dissociated in Ca2+- and Mg2+-free balanced salt solution, pH 7.4,
containing (in mM): 137 NaCl; 5.36 KCIl; 0.27 Na2HPO4; 1.1 KH2PO4 and 6.1
glucose. The cortices were cleaned of meninges and mechanically dissociated by
sequential passage through a Pasteur pipette. After centrifugation at 1400 RPM for 5
min the pellet was resuspended in DMEM (pH 7.6) supplemented with 8.39 mM
HEPES, 23.8 mM NaHCO3, 0.1% amphotericin, 0.032% gentamicin and 10% fetal calf
serum (FCS). Cultures were maintained in DMEM containing 10% FCS in 5%

CO2/95% air at 37°C, allowed to grow to confluence, and used at 15 days in vitro.

S100B measurement. S1I00B was measured by ELISA, as previously described [29].
Briefly, 50 pl of sample plus 50 pl of Tris buffer were incubated for 2 h on a microtiter
plate previously coated with monoclonal anti-S100B. Polyclonal anti-S100 was
incubated for 30 min and then peroxidase-conjugated anti-rabbit antibody was added for
a further 30 min. Color reaction with o-phenylenediamine was measured at 492 nm. The

standard S100B curve ranged from 0.002 to 1 ng/ml.

GFAP measurement. ELISA for GFAP was carried out as previously described [30], by
coating microtiter plates with 100 puL samples for 24 h at 4°C. Incubation with a
polyclonal anti-GFAP from rabbit for 1 h was followed by incubation with secondary
antibody conjugated with peroxidase for 1 h, at room temperature. A colorimetric
reaction with o- phenylenediamine was measured at 492 nm. The standard human

GFAP (from Calbiochem) curve ranged from 0.1to 5 ng/mL.

MTT reduction assay. Cells were treated with 50 pg/mL methylthiazolyldiphenyl-

tetrazolium bromide (MTT) for 30 min in 5% CO2/ 95% air at 37°C. Afterwards, the
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medium was removed, and MTT crystals were dissolved in DMSO. Absorbance values
were measured at 560 and 650 nm. The reduction of MTT was calculated as

(absorbance at 560 nm) - (absorbance at 650 nm).

Neutral red uptake. Neutral red incorporation was carried out as previously described
[25] with modifications. Cells were treated with 50 pg/mL neutral red (NR) for 30 min
in 5% C0O2/95% air at 37°C. Afterwards, the cells were rinsed twice with PBS for 5 min
each and NR dye taken up by viable cells was extracted with 500 pL of acetic

acid/ethanol/water (1/50/49). Absorbance values were measured at 560 nm.

Lactate dehydrogenase (LDH) assay. Lactate dehydrogenase assay was carried out in
50 pL of the extracellular medium, using a commercial colorimetric assay from Doles

[Goiania, Brazil].

Glutathione content. Glutathione content was determined as previously described [31].
Briefly, astrocyte cultures were homogenized in sodium phosphate buffer (0.1 M, pH
8.0) containing 5 mM EDTA and protein was precipitated with 1.7% meta-phosphoric
acid. Supernatant was assayed with o-phthaldialdehyde (1 mg/mL of methanol) at room
temperature for 15 min. Fluorescence was measured using excitation and emission
wavelengths of 350 and 420 nm, respectively. A calibration curve was performed with

standard glutathione solutions (0-500 pM).

Tumor necrosis factor a (TNF-a) measurement. This assay was carried out in 100 pL of
CSF, serum or extracellular medium, using a rat TNFa ELISA from eBioscience [San

Diego, USA].

Prostaglandin E2 (PGE2) measurement. This assay was carried out in 100 pL of the
extracellular medium, using a rat PGE2 ELISA from Enzo Life Sciences [East

Farmingdale, USA].
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Western blot analysis. Equal amounts (20 pg) of proteins from each sample were boiled
in sample buffer (0.0625MTris—HCI, pH 6.8, 2% (w/v) SDS, 5% (w/v) B-
mercaptoethanol, 10% (v/v) glycerol, 0.002% (w/v) bromophenol blue) and
electrophoresed in 10% (w/v) SDS-polyacrylamide gel. The separated proteins were
blotted onto a nitrocellulose membrane. Equal loading of each sample was confirmed
with Ponceau S staining. Antibodies anti-COX1 andanti-COX2 were used at a dilution
of 1:5000. After incubating with the primary antibody for 1 h at 4°C, membranes were
washed and incubated with peroxidase-conjugated anti-goat immunoglobulin (IgG) at a
dilution of 1:5000 during 1 h at 4°C. The chemiluminescence signal was detected using

an ECL kit from Amersham.

Statistical analyzes. Parametric data are reported as mean + standard error and were
analyzed by Student’s t test (when two groups were considered) or by one-way analysis

of variance (ANOVA) followed by Dunnet test, in the SPSS-16.0, assuming p< 0.05.

Results

S100B secretion was reduced by nimesulide and dexamethasone

In the first experiment we investigated the S100B secretion in astrocyte culture exposed
to anti-inflammatories (ASA, ibuprofen, diclofenac, nimesulide or dexamethasone) for
24h. The concentrations were chosen based on previous studies in glial cell cultures
(See Table 1). Among these compounds, only dexamethasone and nimesulide
decreased S100B secretion (Fig 1A). Dexamethasone decreased 50% (p < 0.001) of the
basal S100B secretion, while nimesulide about 20% (p = 0.001). On the other hand,
secretion of TNFa, a canonical pro-inflammatory cytokine, was stimulated by ibuprofen
(350%, p < 0.001) (Fig 1B). Moreover, other NSAIDs did not reduce TNFa.

Dexametahose significantly decreased TNFa secretion to 10% (p = 0.002).

49



Changes in S100B secretion were not accompanied by changes in the intracellular

S100B content

The next step was to investigate whether these compounds, in our experimental
conditions, modified the cellular SI00B content or GFAP content, the most widely used
marker of astrogliosis. Neither dexamethasone nor NSAID altered SI00B content (Fig
2A). However, ASA and diclofenac increased the GFAP content (Fig 2B), about 70%

(p=10.010 and p = 0.012 for ASA and diclofenac, respectively).

Dexamethasone and NSAID did not affect astrocyte morphology in culture

Despite changes in S100B secretion or GFAP content, no significant alterations was
observed in astrocyte morphology in astrocyte cultures (data not shown). Cell
morphology was analyzed by phase contrast microscopy (at 1 h and 24h), as well

immunocytochemistry for GFAP, S100B or actin (at 24h).

Ibuprofen and other anti-inflammatories did not modify GSH content or astroglial

viability

We also investigated the content of reduced glutathione (GSH) in astrocyte cultures
exposed to anti-inflammatories, especially because many antioxidant compounds (to
who is attributed anti-inflammatory activity) affect GSH content. Dexamethasone or
NSAID were not able to modify GSH levels in astrocyte culture (Fig 3A). Moreover,
based on MTT reduction assay is also possible to evaluate that these anti-inflammatory
compounds did not impair cell viability (Figure 3B). Indeed, it is important to mention
that extracellular LDH activity was not modified by exposure to anti-inflammatories

(data not shown).
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The effect of acetyl salicylic acid on GFAP was also observed in vivo

In order to investigate the increase of GFAP observed in culture induced by ASA and
diclofenac were injected by ICV route, at indicated concentrations, to measured GFAP
content in the hippocampus and cerebral cortex 24 h afterwards. An increment of GFAP
was observed in the cerebral cortex induced by ASA (p=0.028), but not diclofenac

(p=0.776) (Fig 4A). In the hippocampus no changes were observed (Fig 4B).

A PGE?2 decrease could explain, at least in part, the effect on S100B secretion

In Figure 5A is shows an immunoblot of COX-1 and COX-2 in astrocytes cultures basal
condition or 24 h after exposure to nimesulide or dexamethasone. Moreover, basal
levels of the downstream product of the COX-2, the prostaglandin E2 (PGE2), are
reduced after exposure to dexamethasone and all NSAIDs investigated (Figure 5B) (p <

0.05).

Discussion

The S100B protein, in the central nervous system, is mainly (but not exclusively)
expressed and secreted by astrocytes, where it has many intracellular targets and
functions [15]. However, the mechanism the secretion is unknown and this protein has
been thought as a marker of glial activation in brain disorders [16] and its extracellular
role is permanently in debate. Due to its trophic activity on neurons was regarded as a
growth factor, particularly for serotoninergic neurons [32]. It was also considered as a
cytokine and due to its trophic activity on neurons was labeled as neurotrophic cytokine
[33]. However, due to its release in inflammatory conditions also has been considered
as an inflammatory cytokine, able to respond and induce pro-inflammatory canonical
cytokines [34, 35]. More recently, other authors also have mentioned S100B as a

damage-associated molecular pattern (DAMP) [36]. Herein, we present evidence that
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anti-inflammatories affect S100B secretion, arguing whether COX-2 and PGE2 are

putatively involved in the mechanism of secretion of S100B.

Basal S100B secretion was reduced by nimesulide, a selective COX-2 inhibitor,
and dexamethasone. Other NSAIDs, COX-1/2 inhibitors, were not able to affect SI00B
secretion. However, TNFa secretion was not affected by NSAIDs, except ibuprofen,
which caused an increment in the secretion of this cytokine. Therefore, these NSAIDS
(at indicated concentrations) were not able to block the astrocyte secretion of TNFa, a
primary inflammatory cytokine. Ibuprofen caused an increment of basal TNFa. This
TNFa increment could induce a transient S100B secretion, but not in 24 h, as observed

in C6 glioma cells [37].

Assuming that the chronic increment of S100B is maybe underlying
degenerative processes [15], nimesulide and dexamethasone would be interesting
neuroprotective compounds. On the other hand, in acute conditions of brain injury, in
which S100B appears to play an important role in brain recovery, maybe these

compounds are not so important [38].

The decrease of S100B secretion induced by nimesulide or dexamethasone was
not accompanied by changes in intracellular S100B. This reinforces the idea that
changes in secretion are not necessarily accompanied by changes in intracellular content
of S100B [16]. Moreover, the decrease of S100B secretion induced by dexamethasone
or nimesulide, as well as, an increase of secretion induced by lysophosphatidic acid in
vitro [39], are not associated to cell morphology. Both ASA and diclofenac induced and
increment of GFAP in astrocyte cultures, and only ASA also able to induce an
increment of GFAP in brain cortical tissue 24 h after ICV infusion. Differently from our

results, a GFAP decrease in astrocyte cultures was described using high concentration
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(5 mM) of ASA [40]. Moreover, is also important to emphasize that the in vivo
increment of GFAP observed in the cerebral cortex did not occur in hippocampal tissue,

suggesting the brain region dependence.

Several studies have reported that antioxidant compounds may exhibit anti-
inflammatory properties likely because their ability to modulate redox-sensitive proteins
in inflammatory cascades of signaling, such as MAPK and NF-kappaB. Therefore, we
investigated the opposite way, if these anti-inflammatory compounds affect redox cell.
Not any affect the cell content of GSH, the main antioxidant compound produced by
astrocytes. Moreover, astrocyte viability was not altered after anti-inflammatory
exposure (evaluated by MTT reduction assay), as well as cell integrity (assessed by

LDH and neutral red uptake assay) (data not shown).

Astrocytes in culture express receptors to respond directly to danger stimulus (e.g.,
LPS) [17], as well as all protein machinery to respond and release inflammatory
cytokines and prostaglandins. Astrocytes express and in vivo COX 1 and 2, in brain
tissue and cultures [41, 42]. Our results confirm the presence of both proteins, as well as
basal levels of PGE2 in astrocyte cultures. Considering that cAMP modulates S100B
secretion [39, 43] and PGE2, in an autocrine manner, stimulates G receptors coupled to
adenylyl cyclase, we hypothesized that COX-1/2 inhibitors would reduce S100B
secretion. However, only dexamethasone and nimesulide (a selective COX-2 inhibitor)
produced this effect. In addition, NS-398, a selective inhibitor of COX-2, reduced the
communication SI00B/RAGE mediated in an experimental model of myasthenia gravis
[26] and patients that receive parecoxib for analgesia exhibited lower levels of serum
S100B [27]. Our results with nimesulide corroborate with those findings. However,

those studies did not directly evaluate S100B secretion.
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This study has some limitations. Firstly, the study assumed S100B secretion as basal but
is was evaluated in cell culture, where cells are in a mild “inflammatory state,”
expressing high levels of COX-2 and PGE2. Secondly, as was performed to observe the
effect of anti-inflammatories in vivo on GFAP, it would be interesting in further studies
to analyze cerebrospinal fluid S100B. Thirdly, the effect of anti-inflammatories on

S100B secretion should be analyzed under an inflammatory condition (e.g. LPS).

Despite that, our results suggest that NSAIDs display different effect on glial
parameters GFAP and S100B. ASA and diclofenac can increase GFAP, while
nimesulide (as well as dexamethasone) was able to decrease S100B secretion. However,
all anti-inflammatories were able to reduce levels of PGE2. Therefore, PGE2 is possibly
involved in the mechanism of S100B secretion but additional pathways, unclear at this

moment, demand further characterization.

As we mentioned before, the chronic increment of S100B maybe underlying
degenerative processes such as AD and schizophrenia. In fact, COX-2 inhibitors have
been proposed as relevant therapeutic strategy for schizophrenia [44]. The pro-
inflammatory role of S100B in AD, in which elevated levels of COX-2 and PGE2 are
observed, also could be attenuated by COX-2 inhibitors. On the other hand, in acute
conditions of brain injury, where S100B appears to play an important role in brain
recovery, maybe these compounds do not afford beneficial effects and may be harmful
[38]. This potential decrease of extracellular S100B in acute conditions, such as
traumatic brain injury and stroke, reinforces the idea about risks and consequences of
using COX-2 under these conditions. However, this idea requires support of additional

epidemiological, clinical and experimental data.
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Table 1-Effect of NSAID on astroglial cells

Compound Activity Effect/Molecular target
| ApoE [45]

Aspirin COX-1 (preferential) and 2
| GFAP [40]

Ibuprofen COX-1and 2 Neuronal protective (in presence of glial cells) [46]

Diclofenac COX 1and?2 1 cytokine-induced AQP-4 [47]

Nimesulide Selective COX2 l MPTP-lnduced MAPK and NF-kappa activation in
C6 glioma cells [48]

Figure Legends

Figure 1. S100B and TNF-a secretion in cultured astrocytes stimulated by anti-
inflammatory drugs. Rat cortical astrocytes were cultured in DMEM containing 10%
FCS. After confluence, the medium was replaced by the DMEM 1% FCS in the
presence or absence of anti-inflammatory drugs (ASA 100 puM, diclofenac 100 uM,
ibuprofen 100 pM, dexamethasone 0.1 uM or nimesulide 50 pM). After 24 h of
exposure, extracellular SI00B (A) or TNF-a (B) were measured by ELISA. Each value
is the mean (+ standard error) of at least 5 independent experiments performed in

triplicate. * indicates significant difference from basal condition, assuming p< 0.05.

Figure 2. Changes in S100B secretion were not accompanied by changes in the
intracellular S100B and GFAP content. Rat cortical astrocytes were cultured in
DMEM containing 10% FCS. After confluence, the medium was replaced by the
DMEM 1% FCS in the presence or absence of anti-inflammatory drugs (ASA 100 uM,
diclofenac 100 uM, ibuprofen 100 uM, dexamethasone 0,1 uM or nimesulide 50 uM).

After 24 h of exposure, intracellular S100B (A) or GFAP (B) were measured by ELISA.
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Each value is the mean (+ standard error) of at least 5 independent experiments
performed in triplicate. * indicates significant difference from basal condition, assuming

p< 0.05.

Figure 3. Ibuprofen and other anti-inflammatories did not modify GSH content or
astroglial viability. Rat cortical astrocytes were cultured in DMEM containing 10%
FCS. After confluence, the medium was replaced by the DMEM 1% FCS in the
presence or absence of anti-inflammatory drugs (ASA 100 puM, diclofenac 100 uM,
ibuprofen 100 pM, dexamethasone 0.1 uM or nimesulide 50 pM). After 24 h of
exposure, GSH content (A) or cell viability (B) were measured by ELISA. Each value is
the mean (+ standard error) of at least 5 independent experiments performed in

triplicate.

Figure 4. The effect of acetyl salicylic acid on GFAP level was also observed in vivo.
Intracerebroventricular injection of anti-inflammatory drugs (ASA or diclofenac) or
DMSO 10% was carried out in adult Wistar rats under anaesthesia. After 24 h, rats were
killed, and cerebral cortex (A) or hippocampus (B) were dissected out and 0.3 mm slices
were obtained using a Mcllwain chopper. Each value is the mean (+ standard error)

from 5 rats per group. * Significantly different from control (p< 0.05).

Figure 5. Extracellular PGE2 and COX1 and COX2 intracellular content in
cultured astrocytes stimulated by anti-inflammatory drugs. Rat cortical astrocytes
were cultured in DMEM containing 10% FCS. After confluence, the medium was
replaced by the DMEM 1% FCS in the presence or absence of anti-inflammatory drugs

(ASA 100 pM, diclofenac 100 puM, ibuprofen 100 pM, dexamethasone 0.1 uM or
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nimesulide 50 pM). After 24 h of exposure, intracellular content of COX1 and COX2
was analyzed by immunoblot (A) and extracellular PGE2 was measured by ELISA (B).
Each value is the mean (+ standard error) of at least 5 independent experiments
performed in triplicate. * indicates significant difference from basal condition, assuming

p <0.05.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Capitulo I1I

Efeito de anti-inflamatérios em astrocitos estimulados com LPS sobre diferentes

pardmetros de ativagdo glial

Dados preliminares
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Justificativa

Uma vez descrita a importancia do processo neuroinflamatério em vérias doengas
neurodegenerativas, o envolvimento ativo de células astrogliais neste processo e a
relevancia da proteina SI00B como um possivel marcador de dano cerebral, nds
resolvemos desenvolver um estudo com o objetivo de reunir algumas observagoes que
ajude a compreender o papel da proteina S100B na neuroinflamagao.

No capitulo I desta tese nds investigamos o efeito do LPS sobre a secregdo e
imunoconteudo da proteina S100B em culturas astrogliais e também seu efeito in vivo e
ex vivo e observamos que o LPS ¢é capaz de modular a secre¢do dessa proteina, bem
como de alterar outros parametros de ativagdo glial.

Além disso, sabendo da importancia do uso de anti-inflamatdrios contribuindo no
tratamento de doengas neurodegenerativas, no capitulo II desta tese, nds observamos
que estes farmacos modulam principalmente a secrecdo de S100B, sendo esta
modulagao especifica para cada farmaco independente da classe em que se encontram.

Tendo em vista os efeitos do LPS e dos anti-inflamatorios sobre os astrocitos,
observados anteriormente, o objetivo do capitulo III desta tese ¢ investigar o efeito dos
anti-inflamatdrios em culturas primarias de astrécitos estimuladas com LPS sobre os

diferentes parametros testados nos outros estudos.
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Metodologia

Todas as técnicas utilizadas neste capitulo foram realizadas da mesma forma que

estdo descritas nos capitulos I e IL.

Desenho experimental

Obtengao das
LPS AL +LPS amostras

+ 24 h l 24 h l

DMEM 10% SFB DMEM 1% SFB

Para os experimentos desse capitulo, foram utilizadas culturas primarias de
astrocitos corticais de rato confluentes, com aproximadamente 21 dias de crescimento in
vitro, mantidas em DMEM 10% SFB a 37°C em atmosfera de 5%C0,/95% ar. Nesse
experimento, as c€lulas foram pré-expostas a 0,1 pg/mL de LPS em DMEM contendo
10% de soro fetal bovino (SFB) por 24 h. Apos, o meio de incubacao foi substituido por
DMEM contendo 1% SFB na presenca de 0,1 pg/mL de LPS e de cada um dos anti-
inflamatorios (Al) testados anteriormente (4cido acetilsaliciliuco (AAS), diclofenaco,
ibuprofeno, dexametasona e nimesulida), nas mesmas concentragdes utilizadas no

capitulo II desta tese.
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Figura 1: Efeito de anti-inflamatorios na presenca de LPS sobre o
imunoconteiido de GFAP. As culturas de astrdcitos confluentes foram pré-expostas a
0,1 pg/mL de LPS em DMEM 10% SFB por 24 h. Apos, o meio foi substituido por
DMEM 1% SFB, adicionado de 0,1 pg/mL de LPS e cada um dos diferentes anti-
inflamatorios testados (100 uM de AAS, 100 puM de diclofenaco, 100 uM de
ibuprofeno, 0,1 uM de dexametasona e 50 uM de nimesulida), conforme indicado na
figura, durante 24 h. As células foram lisadas e o imunocontetdo de GFAP foi medido
por ELISA. O efeito do LPS sobre o imuncontetido basal de GFAP esta representado
em A e o efeito dos anti-inflamatérios na presenca do LPS esta representado em B. Os
dados estdo apresentados na forma de média + erro padrdo, considerando o valor do
basal como sendo 100%, de no minimo 5 experimentos independentes realizados em

triplicata.
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Figura 2: Efeito de anti-inflamatérios na presenca de LPS sobre o
imunocontetido de S100B. As culturas de astrdcitos confluentes foram pré-expostas a
0,1 pg/mL de LPS em DMEM 10% SFB por 24 h. Apo6s, o meio foi substituido por
DMEM 1% SFB, adicionado de 0,1 pg/mL de LPS e cada um dos diferentes anti-
inflamatorios testados (100 puM de AAS, 100 puM de diclofenaco, 100 uM de
ibuprofeno, 0,1 uM de dexametasona e 50 uM de nimesulida), conforme indicado na
figura, durante 24 h. As células foram lisadas e o imunoconteudo de S100B foi medido
por ELISA. O efeito do LPS sobre o imunconteudo basal de SI00B est4 representado
em A e o efeito dos anti-inflamatorios na presenga do LPS esta representado em B. Os
dados estdo apresentados na forma de média + erro padrdo, considerando o valor do
basal como sendo 100%, de no minimo 5 experimentos independentes realizados em

triplicata.
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Figura 3: Efeito de anti-inflamatorios na presenca de LPS sobre a secrecio de
S100B. As culturas de astrocitos confluentes foram pré-expostas a 0,1 pg/mL de LPS
em DMEM 10% SFB por 24 h. Apds, o meio foi substituido por DMEM 1% SFB,
adicionado de 0,1 pg/mL de LPS e cada um dos diferentes anti-inflamatérios testados
(100 uM de AAS, 100 puM de diclofenaco, 100 uM de ibuprofeno, 0,1 uM de
dexametasona ¢ 50 uM de nimesulida), conforme indicado na figura, durante 24 h. O
meio de incubagdo foi coletado e a secrecdo de S100B foi medida por ELISA. O efeito
do LPS sobre a secreg¢do basal de S100B esta representado em A e o efeito dos anti-
inflamatorios na presen¢a do LPS esta representado em B. Os dados estdo apresentados
na forma de média + erro padrdo, considerando o valor do basal como sendo 100%, de
no minimo 5 experimentos independentes realizados em triplicata. * representa
diferenca significativa em comparagao com o basal em A (teste T de Student) e em
comparagdo com o LPS em B (ANOVA de uma via seguida de pos-teste de Dunnet)
para um p<0,05.
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Figura 4: Efeito de anti-inflamatorios na presenca de LPS sobre a secrecao de
TNF-a. As culturas de astrocitos confluentes foram pré-expostas a 0,1 pg/mL de LPS
em DMEM 10% SFB por 24 h. Apds, o meio foi substituido por DMEM 1% SFB,
adicionado de 0,1 pg/mL de LPS e cada um dos diferentes anti-inflamatorios testados
(100 uM de AAS, 100 uM de diclofenaco, 100 uM de ibuprofeno, 0,1 puM de
dexametasona e¢ 50 uM de nimesulida), conforme indicado na figura, durante 24 h. O
meio de incubagdo foi coletado e a secrecao de TNF-a foi medida por ELISA. O efeito
do LPS sobre a secrecdo basal de TNF-a estd representado em A e o efeito dos anti-
inflamatérios na presenca do LPS esté representado em B. Os dados estdo apresentados
na forma de média + erro padrdo, considerando o valor do basal como sendo 100% (em
A) e o LPS (em B), de no minimo 5 experimentos independentes realizados em
triplicata.* representa diferenca significativa em comparagdo com o basal em A (teste T
de Student) e em comparacao com o LPS em B (ANOVA de uma via seguida de pods-
teste de Dunnet) para um p<0,05.
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Figura S: Efeito de anti-inflamatorios na presenca de LPS sobre a viabilidade
celular. As culturas de astrocitos confluentes foram pré-expostas a 0,1 pg/mL de LPS
em DMEM 10% SFB por 24 h. Apds, o meio foi substituido por DMEM 1% SFB,
adicionado de 0,1 pg/mL de LPS e cada um dos diferentes anti-inflamatorios testados
(100 uM de AAS, 100 uM de diclofenaco, 100 uM de ibuprofeno, 0,1 puM de

dexametasona e 50 pM de nimesulida), conforme indicado na figura, durante 24 h.
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Apos, a viabilidade celular foi testada por incorporacdo de vermelho neutro em A,
reducdo de MTT em B e liberagdo de LDH em C. Os dados estdo apresentados na forma
de média + erro padrao, considerando o valor do basal como sendo 100%, de no minimo
5 experimentos independentes realizados em triplicata.* representa diferenca
significativa em comparagao com o basal (ANOVA de uma via seguida de pos-teste de

Dunnet) para um p<0,05.
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Figura 6: Efeito de anti-inflamatdrios na presenca de LPS sobre o contetido de
glutationa reduzida. As culturas de astrocitos confluentes foram pré-expostas a 0,1
pg/mL de LPS em DMEM 10% SFB por 24 h. Apos, o meio foi substituido por DMEM
1% SFB, adicionado de 0,1 pg/mL de LPS e cada um dos diferentes anti-inflamatérios
testados (100 uM de AAS, 100 uM de diclofenaco, 100 uM de ibuprofeno, 0,1 uM de
dexametasona e 50 uM de nimesulida), conforme indicado na figura, durante 24 h. As
c€lulas foram lisadas e o contetido de GSH foi medido por uma técnica fluorimétrica. O
efeito do LPS sobre o conteudo basal de GSH esta representado em A e o efeito dos
anti-inflamatorios na presenga do LPS estd representado em B. Os dados estdo
apresentados na forma de média + erro padrdo, considerando o valor do basal como
sendo 100%, de no minimo 5 experimentos independentes realizados em triplicata.*
representa diferenca significativa em comparagao com o basal em A (teste T de Student)
e em comparacdo com o LPS em B (ANOVA de uma via seguida de pos-teste de

Dunnet) para um p<0,05.
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Figura 7: Efeito de anti-inflamatorios na presenca de LPS sobre a secrecdo de
PGE2. As culturas de astrocitos confluentes foram pré-expostas a 0,1 pg/mL de LPS
em DMEM 10% SFB por 24 h. Apds, o meio foi substituido por DMEM 1% SFB,
adicionado de 0,1 pg/mL de LPS e cada um dos diferentes anti-inflamatérios testados
(100 uM de AAS, 100 puM de diclofenaco, 100 uM de ibuprofeno, 0,1 uM de
dexametasona e 50 pM de nimesulida), conforme indicado na figura, durante 24 h. O
meio de incubacao foi coletado e a secrecdo de PGE2 foi medida por ELISA. Os dados
estdo apresentados na forma de média + erro padrdo, considerando o valor do basal

como sendo 100%.
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Descricio dos resultados

Nos avaliamos o conteudo da proteina GFAP e da proteina S100B na presenca de
LPS e anti-inflamatérios e nenhuma mudanga no conteudo dessas proteinas foi
observada (Figuras 1 e 2).

Outro parametro avaliado foi a secrecao de S100B em 24 h de exposi¢cdo ao LPS e
na presenca de anti-inflamatorios. Nos observamos uma diminui¢do na secrecdo de
S100B na presenca de dexametasona. O ibuprofeno, na presenga de LPS, aumentou a
secre¢ao de S100B (Figura 3).

Em relacdo a liberagdo de TNF-a, somente a dexametasona foi capaz de reverter o
aumento observado nas culturas expostas ao LPS (Figura 4).

Em relagdo as defesas antioxidantes, ibuprofeno e nimesulida foram capazes de
reverter a diminuicdo de GSH observada na presenga de LPS (Figura 5).

Em relagdo a viabilidade e integridade celular, nenhum comprometimento foi
observado. Estes resultados sdo mostrados com base nos ensaios de redugdo de MTT,
incorporagdo de vermelho neutro e liberagdo de LDH. N&s observamos uma reducao da
liberacdo de LDH na presenca de dexametasona (Figura 6).

O LPS foi capaz de aumentar a liberacdo de PGE2, enquanto que a exposicao a

todos os anti-inflamatorios testados foi capaz de reverter esse aumento (Figura 7).
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3. Discussao

A reagdo inflamatéria dentro do SNC difere consideravelmente de outros tecidos,
uma vez que ndo apresenta células dendriticas do sistema imune e a permeabilidade de
vasos para a saida de grandes moléculas e células sanguineas ¢ reduzida em comparagao
com o resto do corpo pela presenca da BHE. Outro aspecto ¢ a dificuldade em ativar a
cascata do complemento e recrutar células envolvidas na resposta imune adaptativa
como leucoécitos, com excegdo de células T ativadas, as quais rapidamente penetram a
BHE (Ransohoff & Brown 2012). Isto mostra que as células imunes inatas no SNC nao
sdo tdo eficazes em recrutar a maquinaria da resposta imune adaptativa, como as células
dendriticas nos tecidos periféricos. Outra importante diferenca na inflamacgdo dentro ou
fora do parénquima cerebral sdo os tipos celulares envolvidos como, por exemplo, os
astrocitos e microglia no SNC.

Apesar das células microgliais, entre outras fun¢des (Salter & Beggs 2014), serem
consideradas as células inflamatérias residentes no SNC, os astrocitos também
apresentam-se como importantes mediadores celulares no processo inflamatorio.
Similar a microglia, os astrocitos tornam-se ativados em resposta a varios estimulos,
processo conhecido como astrogliose reativa. Nesta condi¢cdo os astrdcitos sdo capazes
de liberar uma ampla variedade de mediadores como, por exemplo, citocinas pro-
inflamatorias.

Um importante parametro de ativagdo astroglial ¢ a proteina S100B (Rothermundt et
al. 2003), a qual ¢ predominantemente expressa ¢ secretada por astrocitos no SNC e
exerce efeitos autdcrinos e paracrinos em neurdnios e células gliais (Donato 2001,
Donato et al. 2009). Esta proteina ¢ capaz de atravessar a BHE e sua concentragdo no
soro ou LCR parece refletir o grau de dano nas doencas cerebrais, sendo considerada

como um marcador de dano cerebral (Goncalves et al. 2008). A S100B parece ser capaz

&3



de modular a secre¢do de citocinas e também ser modulada por estas (de Souza et al.
2009, Schmitt et al. 2007). Por se comportar muitas vezes como uma citocina, a S100B
jé& foi considerada como tal, mas ao contrario das citocinas classicas, a SI00B nao ¢
produzida exclusivamente para secre¢do, somente uma pequena parte ¢ exportada,
portanto esta ideia ¢ controversa.

Estudos tem mostrado que astrocitos sdo capazes de responder ao LPS, o qual ¢ um
estimulo amplamente usado nos modelos de neuroinflamagdo. O LPS ¢ capaz de
diminuir a expressdo de algumas proteinas como as proteinas de jungdo gap (Liao et al.
, Liao et al. 2010) e aumentar a expressao de outras como a proteina GFAP e glutationa-
S-transferase (Vergara et al. 2010, Brahmachari et al. 2006).

Uma hipotese ¢ a SI00B ser um marcador de dano cerebral e o aumento desta
proteina no sangue periférico pode ser um indicativo de dano. Entretanto dependendo da
condicdo patofisioldgica, outras interpretacdes sdao possiveis, principalmente pela
existéncia de fontes extracerebrais de S100B (Goncalves et al. 2008, Goncalves et al.
2010).

Alguns estudos trazem a medida dos niveis de S100B no soro apds exposi¢ao ao
LPS (Garnier et al. 2006, Rosengarten et al. 2009). No nosso estudo, a administragao
de LPS ICV ou IP em ratos Wistar ndo alterou os niveis de SI00B no soro medida 30
min e 24 h apdés a exposicdo. Esta divergéncia pode ser devida a
quantidades diferentes de LPS utilizado, do seu modo de administracdo, ou a linhagem

do animal.

E importante ressaltar que LPS (IV 2 ng/kg), quando administrado a seres humanos,
ndo ¢ capaz de induzir mudangas significativas no S100B sérica em 1h ou 8h
pos-tratamento (van den Boogaard ef al. 2010). Além de medir SI00B no soro, nds

também avaliamos os niveis de S100B no LCR e encontramos um aumento de S100B
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apos LPS tanto para a administragdo ICV (uma resposta precoce e persitente) como IP
(uma resposta precoce e transitoria). Claramente nenhum aumento imediato ocorreu em
ambas as condicdes. Isto sugere uma liberagdo de S100B cérebro especifica induzida
por LPS, mostrando talvez que células da periferia que secretam S100B como
adipdcitos ndo liberam ou causam uma liberagdo detectavel de S100B quando
estimuladas por LPS. Isso mostra que a secre¢do de S100B responde de maneiras

diferentes a estimulo por LPS em células que expressam S100B na periferia e no SNC.

Ao contrario da S100B, nés observamos um aumento imediato de TNF-a no soro,
apos a administracdo de LPS tanto IP quanto ICV. Tem sido proposto que TNF-a ¢
capaz de mediar a secrecdo de S100B em astrocitos (Edwards & Robinson 2006),
Entretanto nossos resultados de avaliagdo dos niveis de TNF e S100B sugerem
respostas independentes em relacdo ao LPS. Outro aspecto a ser enfatizado ¢ que o
aumento dos niveis de S100B no LCR ndo foi acompanhado por um aumento nos niveis
no soro, pelo menos nos tempos avaliados (30 min e 24 h ap6s LPS). O aumento da
S100B no liquor foi rapido (dectectada em 30 min) e persistente (por pelo menos 24 h).
Os animais controles envolvidos no experimento envolvendo administracdo de LPS
ICV apresentaram niveis maiores de S100B no liquor do que os controles envolvidos na
administragao de LPS IP, sugerindo uma reposta a um procedimento invasivo.

Em cultura de astrécitos nds observamos um aumento na secre¢ao de SI00B em 1 h
de exposicdo ao LPS em concentragdes acima de 10 pg/mL, mas em 24 h nods
observamos uma diminuicao da secre¢do mesmo nas concentra¢des mais baixas de LPS.
Isto sugere uma resposta bifésica, isto ¢, um aumento seguido por uma diminuig¢do na
secre¢dao de S100B. Este perfil tem sido observado em cultura de astrdcitos sobre outras
condi¢des, como exposi¢do ao beta-hidroxibutirato (Leite et al. 2004). Esta répida e

transitoria estimulacdo da secrecdo em cultura de astrocitos também foi observada para
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a IL1P3, mas sem a diminui¢do em 24 h. Estes dados podem sugerir que o efeito do LPS
¢ direto e independe da liberacdo secundaria de IL-1p. Portanto, de acordo com nossa
hipdtese de trabalho, parece que o LPS ¢ capaz de modular diretamente a secre¢do de
S100B.

Além de cultura de astrocitos, noés também avaliamos a secre¢ao de S100B em fatias
hipocampais em 1 h de exposicdo ao LPS e observamos um aumento na secrecao de
S100B com LPS na concentragdo de 10 ug/mL, mas ao contrario nas concentracdes de
0,1 pg/mL e 1 pg/ houve uma diminuicdo na secre¢do. Em relagdo a esta metodologia, a
interpretagdo dos resultados ¢ dificil devido a preparagdo apresentar mais de um tipo
celular como a presenga de astrdcitos, microglia ativada e neuronios. Entretanto, um
resultado similar tem sido observado em relacao a endotelina-1 (Leite ef al. 2009). Este
composto bloqueia jungdes gap e aumenta a secre¢do de S100B em 1 h, mas diminui
apos 6 h. De forma semelhante, a endotelina-1 diminui a secre¢ao de SI00B em 1 h em
fatias hipocampais fresca. Potencialmente, ambos LPS e endotelina-1 inibem proteinas
de juncdo gap. Embora nos ndo tenhamos duvidas sobre os efeitos do LPS e da
endotelina-1 na secrecdo de S100B em fatias hipocampais fresca, nds nao temos neste
momento uma explicacao para este efeito quando comparado a astrocitos isolados.

O contetdo de S100B proveniente da sua secrecdo corresponde a uma pequena
fragdo do contetido desta proteina nas células (menos que 0,5% ¢ encontrado no meio de
cultura de astrocitos em 24 h) e mudangas na secrecdo de S100B ndo necessariamente
sao acompanhadas por mudancas no conteudo celular (Goncalves et al. 2008). De fato,
nos nossos experimentos o LPS mudou a secrecao sem alterar o conteudo intracelular de
S100B. Por outro lado o conteudo de GFAP aumentou em todas as concentragdes de
LPS testadas, indicando ativacao astroglial, estando de acordo com estudos prévios

sobre os efeitos de LPS em cultura de astrdcitos (Vergara et al. 2010, Brahmachari et al.
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2006). Estes resultados reforcam a ideia que GFAP e S100B tém mecanismos
regulatorios de expressdo distintos e que a astrogliose (medida por o aumento de GFAP)
pode ser acompanhada ou ndo por mudangas no conteudo intracelular de S100B.

Outro interessante resultado ¢ a diminuicdo do contetido de glutationa apds
exposi¢do ao LPS em cultura de astrocitos em 24 h e ndo em 1 h, possivelmente
associado com a regulagdo positiva da glutationa-S-transferase (Vergara et al. 2010).
Parte da diminuicdo de GSH pode estar envolvendo uma intensa exportacdo deste
peptideo, uma vez que ele serve como um antioxidante extracelular e também
proporciona substratos para a sintese neuronal de glutationa (Dringen & Hirrlinger
2003). Além disso, no6s também encontramos uma diminui¢do no contetdo de glutationa
em fatias hipocampais expostas ao LPS.

Apesar da diminuicdo nas defesas antioxidantes, ambas as preparagdes nao
apresentam nenhum comprometimento na viabilidade e integridade celular, mostrado
com base nos ensaios de redu¢do de MTT, incorporagdo de vermelho neutro e liberagdo
de LDH. Estes ensaios executados em paralelo com os ensaios para medir S100B, nos
permite ser enfatico em relacao a secre¢do e ndo a liberacao de S100B.

Recentemente alguns autores sugerem que a S100B deve agir como uma alarmina
ou padrdo molecular associado a dano (Bianchi 2007). Entretanto independente de
qualquer conceito, nossos dados sugerem que a secre¢do de S100B ¢ modulada por
LPS, podendo ser protetora durante a fase inicial de exposi¢do ao LPS. Ao contrario sua
diminui¢do a uma exposi¢do mais prolongada de astrécitos ao LPS dose dependente
pode estar relacionada a diminui¢do de fatores troficos por astrdcitos nestas condigoes.

Como j& comentado anteriormente, o receptor TLR4 ¢ essencial no reconhecimento
do LPS. Entdo, para caracterizar se o efeito do LPS ¢ via TLR4, nds estimulamos os

astrocitos com dois antagonistas especificos desse receptor (Cli-095 ¢ OxPAPC) e
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ambos foram capazes de abolir o efeito do LPS. Esse resultado nos indica que a
modulac¢do de S100B por LPS ¢ dependente da unido do LPS ao seu receptor TLR4,
uma vez que, estudos recentes mostram que TLRs podem compartilhar vias de
sinalizacdo e ligantes com o receptor RAGE como, por exemplo, o LPS (Ibrahim et al.,
2013). Este ¢ capaz de se ligar ao RAGE e esta ligacdo desencadeia uma resposta
similar a observada com TLR4, mas parece ndo necessitar das moléculas necessarias
para a ligacdo ao TLR4 (Ibrahim ef al. 2013).

Embora estes dados tenham contribuido para o nosso entendimento sobre o efeito do
LPS na secrecdo de S100B, alguns aspectos permanecem pouco claros, como por
exemplo, a possibilidade do LPS estar agindo sobre outro receptor que ndo o TLR4 nos
astrocitos, ou o LPS estar modulando a secrecdo em outras células extracerebrais que
expressam S100B afetando os niveis séricos desta proteina. Deste modo efeitos
especificos e cronicos de bactérias gram-negativas sobre a proteina S100B tanto no
SNC como sistema periférico merece maior investigacao.

Como j4 descrito a proteina S100B extracelular ¢ conhecida por afetar atividades
microgliais, neuronais e astrociticas com diferentes efeitos dependendo de sua
concentragdo. Enquanto em baixas concentragdes exerce efeitos troficos em neurdnios e
astrocitos, em concentragdes relativamente altas, pode causar apoptose neuronal e ativar
astrocitos e microglia, entdo representando um fator endogeno implicado na
neuroinflamacdo. Essa proteina ¢ amplamente usada como parametro de ativacdo e ou
morte astroglial em varias condigdes de dano cerebral e variagdes dessa proteina no soro
e LCR sdo propostas para avaliar resultados clinicos nestas situacdes (Gongalves et al.
2008).

Uma vez que o aumento de S100B no SNC ocorre em diversas doencas

neurodegenerativas como, por exemplo, doenca de Alzheimer (Mori et al. 2010),
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doenca de Parkinson (Sathe et al. 2012), esquizofrenia (Rothermundt et al. 2004,
Steiner et al. 2006), e varios estudos mostram o possivel efeito de farmacos anti-
inflamatorios sobre estas patologias, nds consideramos interessante avaliar o efeito dos
anti-inflamatoérios ndo esteroidais como aspirina, diclofenaco, ibuprofeno e nimesulida
e esteroidais como a dexametasona sobre a secre¢do e o contetdo intracelular da
proteina S100B em cultura de astrdcitos e no soro e LCR de ratos Wistar na auséncia de
estimulo inflamatorio.

Primeiramente nés avaliamos a proteina GFAP conhecida por ser um marcador de
astrogliose e¢ podendo também ser observada em astrécitos durante processos
neuropatoldgicos. Entretanto, o mecanismo molecular preciso que leva a esta indugao
durante processos neuropatologicos permanece pouco esclarecido. Nos observamos um
aumento no conteudo de GFAP em cultura de astrdcitos apds 24 h de exposicao ao AAS
e diclofenaco. Quando analisamos estes anti-inflamatdrios in vivo, observamos também
um aumento de GFAP em resposta a exposi¢do ao AAS no cortex e uma tendéncia a
diminui¢do no hipocampo, mostrando efeitos diferentes para regides distintas do SNC.
Nenhum resultado com diclofenaco foi significativo nas regides testadas.

Em relagdo ao efeito do AAS na proteina GFAP, um estudo em glioblastoma
humano mostra uma diminuicdo na expressao de GFAP na presenca de aspirina, um
resultado dependente de concentracdo (2 ¢ 5 mM) (Bae et al. 2006) ao contrario do
nosso resultado em cultura primaria, mas compativel com nosso resultado in vivo, onde
tivemos uma tendéncia de diminui¢do de GFAP no hipocampo. Esta diferenca
observada neste estudo em relagdo ao nosso resultado na modulacdo da GFAP pode
estar relacionada a dose de AAS utilizada. No trabalho citado a concentragdo do
farmaco ¢ muito mais alta em relacdo a que utilizamos podendo estar sendo toxica para

as células. Além disso, o0 modelo utilizado no estudo ¢ uma linhagem de astrécitos, que
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embora seja um modelo muito utilizado para estudar essas células, apresenta limitagdes
bioldgicas em relacdo a cultura primaria, que podem influenciar no resultado observado.
Estes resultados mostram que os anti-inflamatorios podem apresentar diferentes efeitos
dependendo da condigdo a que sdo expostos.

O efeito inibitorio da aspirina sobre a GFAP pode ser via NFk-B, uma vez que
estudos mostram que a aspirina ¢ capaz de inibir a ativacdo de NFk-B (Grilli et al.
1996), o qual ¢ um regulador da expressdao génica de GFAP em células astrogliais (Bae
et al. 2006). Quando testados em relagdo ao conteudo intracelular de S100B nenhum
dos anti-inflamatorios foi capaz de alterar o conteudo desta proteina.

Um resultado interessante foi o efeito da dexametasona e nimesulida sobre a
secre¢dao de S100B e liberacdo de TNF-a apos 24 h de tratamento. Tanto dexametasona
como a nimesulida sdo inibidores especificos da COX2 e foram capazes de diminuir
tanto a secre¢do de S100B, quanto a producdo de TNF-a nas culturas astrogliais. A
dexametasona ¢ um anti-inflamatério esteroidal capaz de inibir a expressdo génica de
proteinas proinflamatorias como TNF-a e a enzima COX2. A inibicdo da sintese de
COX2 consequentemente inibe a sintese de prostaglandinas, principais prostanodides
inflamatérios. Entre estes prostandides estd a PGE;, um dos mais importantes
moduladores da inflamacao e parece contribuir para a resposta inflamatoria na doenga
de Alzheimer (Cudaback et al. 2014). A PGE, age em seu receptor EP2 acoplado a
proteina G em astrocitos promovendo o aumento de adenosina monofosfato ciclico
(AMPc) intracelular (Bos et al. 2004). Uma vez que AMPc e célcio estdo envolvidos no
aumento da secre¢do de S100B, a diminuicdo observada nos niveis desta proteina
poderiam ser via PGE,.

Os experimentos ndo apresentam nenhum comprometimento na viabilidade e

integridade celular, mostrado com base nos ensaios de redu¢ao de MTT, incorporagdo
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de vermelho neutro e liberagdo de LDH. A diminui¢do na incorporagdo de vermelho
neutro observada na presenga de ibuprofeno ndo nos parece ser um efeito significativo,
visto que, os outros ensaios ndo mostraram nenhuma alteragdo. A diminui¢do
significativa da liberacdo de LDH na presenga de dexametasona pode ser devido a
alguma interferéncia na técnica utilizada. Estes ensaios executados em paralelo com os
ensaios para medir S100B, nos permite ser enfatico em relacdo a secrecdo € ndo
liberacao de S100B.

Em relagdo as defesas antioxidantes, nds ndo observamos nenhuma alteracdo no nos
niveis de GSH com os anti-inflamatorios testados.

Como observamos que o LPS ¢ capaz de modular a secre¢ao de S100B e que cada
um dos anti-inflamatérios estudados pode ou ndo ter efeito na secre¢ao de S100B, nos
resolvemos investigar como a secre¢do € o imunoconteudo da proteina S100B em
culturas astrogliais estimuladas com LPS irdo se comportar na presenga desses anti-
inflamatorios.

No6s avaliamos o conteudo da proteina GFAP na presenga de LPS e anti-
inflamatérios. Nenhum anti-inflamatério foi capaz de reverter o aumento de GFAP
causado pelo LPS. Curiosamente, AAS e diclofenaco, que sozinhos foram capazes de
aumentar o contetdo de GFAP, ndo tiveram um efeito aditivo na presenca de LPS.
Tanto na presenca como na auséncia de LPS, nenhum dos anti-inflamatorios testados foi
capaz de modular o contetido intracelular de S100B.

Outro parametro avaliado foi a secre¢ao de S100B em 24 h de exposi¢ao ao LPS e
na presenca de anti-inflamatérios. Nos observamos uma diminui¢do na secrecao de
S100B na presenca de dexametasona, o mesmo resultado obtido na auséncia do
estimulo por LPS. Este resultado mostra que a dexametasona, um anti-inflamatorio

esteroidal € capaz de inibir a secre¢ao de S100B também em uma condicao inflamatoria
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e como ja discutido podendo esta inibicdo estar relacionada com a via das
prostaglandinas. O mesmo perfil foi observado com a liberagdo de TNF-a, pois a
dexametasona foi capaz de diminuir a liberacdo desta citocina na auséncia e na presenca
de LPS. Este resultado nos faz pensar na S100B tendo um papel de citocina com carater
proinflamatorio.

Interessantemente a nimesulida que em culturas ndo estimuladas por LPS foi capaz
de diminuir a secrecdo de S100B, na presenga de estimulo, o efeito desapareceu, nao
sendo capaz de reverter o efeito do LPS sobre a secre¢do de S100B. Na secrecdo de
TNF- o, a nimesulida apresentou o mesmo perfil nos dois desenhos experimentais
utilizados, uma tendéncia a redugao.

O ibuprofeno que em culturas ndo estimuladas nao apresentou nenhum efeito sobre
a secrecao de S100B, na presenca de LPS curiosamente aumentou a secrecao de S100B.
Em relagdo a liberacdo de TNF-a, o ibuprofeno sozinho aumento a liberagdo de TNF-q,
mas na presenca de LPS este efeito desapareceu.

Em relacdo a viabilidade e integridade celular, tanto nas culturas astrogliais nao
estimuladas, quanto as estimuladas por LPS, nenhum comprometimento foi observado.
Estes resultados sdo mostrados com base nos ensaios de redugdo de MTT, incorporagdao
de vermelho neutro e liberacio de LDH. A redugdo observada na incorporagdo de
vermelho neutro na presenca de diclofenaco em culturas ndo estimuladas desapareceu
na presenca de LPS, sugerindo que esse resultado ndo implica uma redugdo na
viabilidade celular. A redug¢do da liberagdo de LDH observada na presenca de
dexametasona em culturas ndo estimuladas se manteve nas culturas expostas ao LPS,
corroborando a hipdtese de uma possivel interferéncia na técnica utilizada. Estes ensaios
executados em paralelo com os ensaios para medir S100B, nos permite ser enfatico em

relacdo a secre¢do e nao liberacao de S100B.
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Em relacdo as defesas antioxidantes, interessantemente ibuprofeno e nimesulida
foram capazes de reverter a redugdo do conteido de GSH observada na presenca de
estimulo inflamatdrio, sem ser observado efeito isolado destes farmacos. De acordo com
nossos resultados, estudos mostram que a nimesulida ¢ capaz de conferir protecdo
antioxidante através do aumento de GSH em modelo de isquemia (Candelario-Jalil et al.
2003) e também em astrocitoma e linhagem C6 estimuladas com LPS (Niranjan et al.
2010). Embora outros mecanismos possam estar envolvidos, a capacidade antioxidante
da nimesulida pode ser por sua inibi¢ao seletiva da COX2 e consequentemente de
prostaglandinas, considerando que o metabolismo do 4cido araquidonico por

ciclooxigenases ¢ uma das principais fontes de espécies reativas de oxigénio.
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4. Conclusoes

De acordo com os resultados obtidos neste trabalho, noés observamos que o LPS
causa uma resposta inflamatoria no SNC diferente da resposta inflamatoria no sistema
periférico, uma vez que ¢ capaz de modular a liberagdo de SI00B e TNF-a de maneiras
diferentes nos dois sistemas. O LPS ¢ capaz de estimular a secre¢do de S100B no SNC,
mas células periféricas que expressam S100B quando estimuladas por LPS nio parecem
liberar essa proteina, diferentemente do perfil observado para a liberagdo de TNF-a, o
qual apresenta um aumento tanto no SNC quanto na periferia. Em culturas de astrocitos,
o LPS ¢ capaz de estimular a secrecao de S100B, portanto sendo capaz de modular
diretamente esta proteina. Juntos estes dados contribuem para entender o efeito de LPS
em astrocitos particularmente na secrecdo de S100B e nos ajuda a interpretar mudancgas
nesta proteina que ocorrem no LCR e no soro em doencas neuroinflamatdrias e
desordens cerebrais em geral.

Em relag@o ao estudo com anti-inflamatorios em parametros gliais, nés observamos
que estes farmacos apresentam diferentes efeitos em diferentes condig¢des. Todos os
anti-inflamatorios estudados sdo capazes de atravessar a BHE e, portanto podem
apresentar diferentes efeitos no SNC. Além da COX, outras proteinas estdo envolvidas
no processo inflamatorio e os anti-inflamatorios podem agir sobre essas proteinas. Por
exemplo, sabe-se que acido flufendmico, um anti-inflamatdrio ndo-esteroidal e inibidor
de juncdo gap, ¢ capaz de aumentar a secrecdo de S100B em cultura de astrocitos e
nimesulida diminui a ativagdo de NF-kf3 e MAPK.

Nossos resultados confirmam a presenga de COX 1 e 2, bem como niveis basais de
PGE,. Diferentemente do resultado esperado, onde todos os anti-inflamatorios poderiam
reduzir a secre¢do de S100B, uma vez que AMPc modula a secre¢do de S100B ¢ a

PGE, estimula receptores acoplados a proteina G e a adenilato ciclase,
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interessantemente somente a nimesulida e dexametasona foram capazes de reduzir a
secregao basal de S100B ¢ TNF-a. Além disso, AAS ¢ diclofenaco aumentam GFAP em
cultura de astrdcitos, mas somente o AAS foi capaz de reproduzir o mesmo efeito in
vivo. Todos os anti-inflamatoérios foram capazes de reduzir os niveis de PGE,. Portanto
a PGE, pode estar envolvida no mecanismo de secrecdo de S100B, no entanto vias
bioquimicas envolvidas, ndo tdo claras neste momento, necessitam ser melhor

caracterizadas.
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