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RESUMO

O uso de culturas de células do Sistema Nervoso Central é extensivamente
aplicado na compreensdo dos mecanismos celulares, moleculares e
bioquimicos do cérebro, sendo que a maioria dos protocolos utilizados faz uso
de animais neonatos para a obtencdo das células. Neste estudo, propomos e
caracterizamos um protocolo de obtencéo de cultura de astrocitos corticais de
ratos Wistar adultos, de 90 dias de idade. Para a elaboracdo da cultura, os
cérebros foram cuidadosamente dissecados e o cortex foi dissociado
mecanicamente e enzimaticamente com tripsina e papaina. As células foram
cultivadas com DMEM/F12 (10% SFB) nas duas primeiras semanas e
DMEM/F12 (20% SFB) nas ultimas semanas. Ao final deste periodo, as células
apresentavam morfologia poligonal caracteristicamente astrocitaria, extensiva
marcacdo para a Proteina Glial Fibrilar Acida (GFAP) e para a Glutamina
Sintetase (GS), ambas importantes marcadores gliais. Também foi avaliada a
captacdo de glutamato, a atividade da GS e o conteddo de glutationa (GSH).
Ainda, verificamos a expressdo de outras proteinas caracteristicas de
astrécitos, como vimentina, S100B e ALDH1L1, além dos transportadores
glutamatérgicos GLAST e GLT-1. Sob exposicdo ao H,O, e zZn**, podemos
verificar que os astrocitos sdo suscetiveis ao estresse oxidativo, o qual pode
causar alteracdes morfologicas e funcionais. Também, verificamos que estas
células sédo suscetiveis a estimulos inflamatérios. Assim, concluimos que o
protocolo proposto é efetivo para gerar uma cultura funcional e
caracteristicamente astrocitaria, utilizando-se ratos adultos, os quais ja tém
conexdes celulares estabelecidas, ao contrario dos neonatos, que estdo ainda
no processo de formacdo das células e conexdes. Isto pode representar um
importante modelo de estudo para doencas neurodegenerativas,
neurotoxicidade e neuroprotecao, visto que astrécitos adultos cultivados in vitro
apresentam caracteristicas mais similares ao cérebro adulto in vivo, e podem
ser usados para se obter respostas mais fidedignas aos estimulos aos quais
serdo submetidos.



ABSTRACT

The use of cell cultures of central nervous system is extensively applied to
understand the cellular, molecular and biochemical mechanisms of the brain,
and most part of the protocols makes use of newborns to obtain cells. In this
study we have characterized a protocol to obtain astrocyte cultures of adult
Wistar rats, 90 days old. For the preparation of culture, brains were carefully
dissected and the cortex was dissociated mechanically and enzymatically with
trypsin and papain. The cells were cultured with DMEM/F12 (10% FBS) in the
first two weeks and DMEM/F12 (20% FBS) until it reaches confluence.
Thereafter, the cells presented typical polygonal morphology of astrocytes,
extensive marking for glial fibrillary acidic protein (GFAP) and Glutamine
Synthetase (GS), both important glial markers. We also evaluated glutamate
uptake, GS activity and intracellular levels of glutathione (GSH). We observed
the expression of other characteristic proteins of astrocytes, such as vimentin,
S100B, ALDH1L1 and, in addition, the main glutamate transporters in the brain,
GLT-1 and GLAST. Upon exposure to H.O, and Zn**, we found that astrocytes
are susceptible to oxidative stress, which may cause morphological and
functional changes. Also, we found that these cells are susceptible to
inflammatory stimuli. Thus, we conclude that the proposed protocol is effective
to generate a functional and characteristic astrocytic culture, using adult rats,
which already have established neural connections compared to newborns.
This may represent an important study model for neurodegenerative diseases,
neuroprotection and neurotoxicity, as adult astrocytes cultured in vitro have
similar characteristics to the adult brain in vivo, and can be used to obtain more
reliable responses to stimuli to which they will be exposed.



LISTA DE ABREVIATURAS

ALDH1L1: Aldeido Desidrogenase 1, membro L1
ATP: Adenosina Trifosfato

BDNF: Fator Neurotréfico Derivado do Encéfalo, do inglés “Brain-Derived

Neurotrophic Factor”
BHE: Barreira Hemato-Encefalica
DCFH-DA: 2’ 7’-Diclorofluoresceina diacetato

EAAC1: Carreador de Aminoacidos Excitatérios 1, do inglés “Excitatory Amino

Acid Carrier 17
ERO: Espécies Reativas de Oxigénio

FGF: Fator de Crescimento de Fibroblastos, do inglés “Fibroblast Growth

Factor”
GFAP: Proteina Glial Fibrilar Acida, do inglés “Glial Fibrillary Acidic Protein”

GLAST: Transportador Glutamato-Aspartato, do inglés “Glutamate-Aspartate

Transporter”

GLT-1: Transportador de Glutamato - 1
GS: Glutamina Sintetase

GSH: Glutationa reduzida

LPA: Acido Lisofosfatidico



MCTs: Transportadores de Acidos Monocarboxilicos

MEC: Matriz Extra-Celular

NGF: Fator de Crescimento do Nervo, do ingles “Nerve Growth Factor”
NMDA: N-Metil-D-Aspartato

NT-3: Neurotrofina-3

SNC: Sistema Nervoso Central

SOD: Super Oxido Dismutase



INTRODUCAO

1. O SISTEMA NERVOSO CENTRAL

O Sistema Nervoso Central (SNC) € composto, principalmente, por dois
grandes tipos celulares: 0s neurdnios, responsaveis pela transmissdo e
processamento de informacdes, e as células gliais, que possuem diversos
papéis e garantem o adequado funcionamento das fun¢cbes neuronais. Estes
dois tipos celulares estdo tao intrinsecamente interligados, que acabam tendo
inUmeras interacfes celulares e moleculares, o que culmina com o complexo

funcionamento de todo o sistema (Bacci et al, 1999).

1.1 CELULAS GLIAIS — OS ASTROCITOS
O termo “neuroglia” foi cunhado pelo patologista Rudolf Virchow na década
de 1850 e, inicialmente, este tecido foi considerado como sendo apenas
preenchedor dos espagos entre 0s neurdnios e parte do tecido conectivo
(Somjen, 1988). Com o passar do tempo e com a evolucdo das técnicas de
estudo das propriedades do SNC, o conhecimento sobre a diversidade e as
propriedades das células neurogliais mudou muito. Os astrdcitos, uma grande
subpopulacao deste tipo celular, foram se revelando células envolvidas em um
grande numero de funcgdes que garantem a manutencdo de condiches
fisiolégicas no SNC.
Os astrécitos constituem aproximadamente 50% do numero total de
células do SNC. Eles séo divididos em dois tipos: os protoplasmaticos, na

substéancia cinzenta (freqiientemente ramificados e com largas expansoes) e 0s



fibrosos, na substancia branca (com menos ramificagcdes, cilindricas e longas)
(Young, 1991).

Eles estdo envolvidos na conservagdo do equilibrio dos ambientes intra
e extracelulares, particularmente nas atividades envolvendo sistemas de
neurotransmissores: 0s astrocitos sdo centrais no catabolismo e na sintese de
neurotransmissores, Vvisto que possuem a enzima piruvato carboxilase, a Unica
enzima cerebral capaz de repor intermediarios para outras reacdes
metabdlicas. Além disso, eles possuem uma importante via de comunicagéo
com 0s neurdnios, que é o ciclo glutamato-glutamina: os astrocitos, por
possuirem proteinas transportadoras de glutamato de alta afinidade (Danbolt,
2001) (veja a seguir), captam a grande maioria do glutamato extracelular
(especialmente o que foi liberado nas comunicagbes neuronais) e o convertem
a glutamina, via enzima glutamina sintetase (GS — EC 6.3.1.2 ). A glutamina
gerada é lancada de volta para terminais pré-sinapticos e € utilizada na sintese
de novo do neurotransmissor glutamato.

Ainda na questdo do equilibrio intra/extracelular, os astrocitos sdo as
células responsaveis por manter a homeostase inica: eles estao envolvidos na
regulacdo do equilibrio acido-bésico, através do metabolismo do CO, pela
anidrase carbbnica. O CO, é produzido nos neurbnios pelo metabolismo
oxidativo do piruvato, e os astrocitos o convertem em ions hidrogénio e
bicarbonato. Também, os astrécitos tamponam as concentracdes
extracelulares de potassio que acumulam com a atividade neural, pois eles
expressam canais de potassio nas sinapses € Nnos processos terminais ao
redor dos capilares (Wang & Bordey, 2008). Esta atividade é de suma

importéancia para o equilibrio eletroquimico dos neurénios, visto que altas



concentracfes de potassio no meio extracelular resultam em despolarizacdo
neuronal, hiperexcitabilidade e convulsoes.

Uma outra importante caracteristica dos astrécitos é estarem numa
situacdo-chave de gerenciamento da energia metabdlica utilizada nos
processos cerebrais. Neste sentido, podemos citar dois importantes substratos
energéticos que o0s astricitos utilizam para suprir a energia requerida nos
processos neuronais: glicogénio e lactato. Os astrocitos possuem maquinaria
enzimatica adequada para sintese e degradacdo de glicogénio e possuem
granulos deste no seu citoplasma, que, apesar da baixa concentracao
comparada as do figado e musculo esquelético, serve como repositério de
curto prazo para glicose. Estudos evidenciam que esta reserva de glicogénio é
de grande importancia em condi¢des de hipoglicemia e de demanda energética
tecidual aumentada (Brown et al, 2003; Tekkok et al, 2005); (Suh et al, 2007).

Ainda, os astrécitos expressam transportadores de glicose do tipo
GLUT1 na membrana dos seus processos celulares adjacentes aos capilares
sanguineos. Desta maneira, eles captam glicose do sangue e a utilizam em
parte oxidativamente para gerar ATP e suprir a energia necessaria para suas
rotas metabdlicas, e em parte anaerobicamente, levando a um aumento do
lactato intracelular. Um grande nimero de evidéncias indica que o lactato seria
transferido para o0 meio extracelular e captado pelos neurdnios via
transportadores de acidos monocarboxilicos (MCT’s). Dentro do corpo celular
neuronal, o lactato seria convertido a piruvato e oxidado no Ciclo dos Acidos
Tricarboxilicos, sendo que alguns estudos indicam que o neurbnio teria

preferéncia pelo lactato como substrato energético (Pellerin et al, 2002).



Além disso, a posicdo estratégica dos astrécitos, que tém seus
processos em contato direto tanto com a vasculatura cerebral quanto com as
sinapses, faz deles elementos centrais na modulagédo da atividade sinaptica e
no fluxo sanguineo cerebral. Também, a atividade sinaptica é capaz de
produzir efeitos nos astrécitos que levam a liberacdo de substancias vasoativas
(Takano et al, 2006).

Em termos de suporte estrutural, ja foi demonstrado que os astrécitos
sdo a principal fonte de proteinas de matriz extracelular (MEC) e de moléculas
de adesdo do SNC. Essa propriedade esta diretamente relacionada a
promocao ou inibicdo da criacdo de neuritos durante o desenvolvimento ou em
resposta a lesdes, dependendo do balanco entre a MEC e moléculas de
adesédo. Do mesmo modo, eles sdo capazes de sintetizar e secretar enzimas
proteoliticas, que tém um papel importante na degradacao e no remodelamento
da MEC, incluindo gelatinases especificas que contribuem na degradacéo e
clearance do peptideo B-amiléide extracelular (Yin et al, 2006). Sabe-se que
deposicao de peptideo B-amildide leva a formacdo de placas senis, que é 0
principal sinal histopatolégico da doenca de Alzheimer, o que indica aqui a
importancia dos astrocitos como células envolvidas em atividades
neuroprotetoras (Wang & Bordey, 2008).

Além do controle do desenvolvimento de neuritos, os astrdcitos liberam
moléculas capazes de controlar a maturacdo, sobrevivéncia e diferenciacéo
neuronais, como os fatores de crescimento NGF (Nerve Growth Factor), BDNF
(Brain-Derived Neurotrophic Factor), NT-3 (Neurotrophin-3) e FGF (Fibroblast
Growth Factor). Substancias como a proteina S100B, que estimula crescimento

de neuritos e captacdo de glutamato astrocitaria, podem ser liberadas pelos



astrocitos para proteger neurdnios contra a excitotoxicidade glutamatérgica
(Donato, 2001).

A barreira hemato-encefalica (BHE) é um sistema especializado da
microvasculatura endotelial cerebral que protege o cérebro de substancias
toxicas do sangue, supre o SNC com nutrientes e filtra 0 excesso de moléculas
toxicas do cérebro para a corrente sanguinea. Estudos demonstraram que 0s
astrocitos estdo em intimo contato com as células endoteliais que formam a
BHE e h& uma comunicacao reciproca entre estes tipos celulares, sendo que
0s astrocitos podem alterar caracteristicas como mecanismos de transportes
presentes na barreira e as células endoteliais podem alterar o crescimento e a
sintese de proteinas astrocitérias.

Em qualquer sistema celular, os niveis redox devem ser rigorosamente
controlados, visto que a atividade de diversas proteinas e enzimas €
dependente de um equilibrio estrutural que pode ser afetado pela oxidacéo
causada por radicais livres. Também neste aspecto os astrdcitos sao de suma
importancia, pois sdo os principais produtores da principal defesa antioxidante
cerebral: o tripeptideo glutationa (GSH) (Dringen, 2000). A GSH também é
produzida pelos neurdnios, porém o substrato utilizado é prioritariamente
fornecido pelos astrocitos, reiterando novamente o papel destas células no
equilibrio redox do sistema. O papel da GSH serd discutido em maiores
detalhes a seguir.

Além de todas caracteristicas citadas, os astrécitos ainda desempenham
um importante papel no processamento da informagdo sinaptica e na
plasticidade e excitabilidade neuronais, sendo que estudos recentes ressaltam

a importancia da comunicacao reciproca neurdnio-astrocito. Também, sabe-se
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que os astrocitos constituem o terceiro elemento da sinapse, caracterizando a
sinapse tripartite (Perea & Araque, 2006). Estas células tdo versateis possuem
ainda a robustez que as permite que se reorganizem em uma cultura de células
monotipica funcional, com a importante caracteristica da possibilidade de

divisdo celular até que elas atinjam a confluéncia.

1.2 CULTURAS DE ASTROCITOS

Culturas de astrocitos sdo extremamente Uteis para estudos metabdlicos
relacionados ao sistema glutamatérgico, estresse oxidativo e resposta
inflamatoria, tanto no inicio do desenvolvimento quanto em estados de maior
maturidade. N&o obstante, nestes casos, cabe observar que os marcadores
supracitados e as funcdes que eles desempenham sofrem alteracbes durante o
envelhecimento.

E importante mencionar que numerosas evidéncias de alteragdes nas
funcbes astrocitarias, incluindo mudangcas na homeostase redox e no
metabolismo do glutamato, tém sido relacionadas ao envelhecimento e as
doencas neurodegenerativas. Em condi¢cdes patofisiologicas, os astrécitos
sofrem mudancas morfolégicas e moleculares dramaticas que podem
potencialmente causar tanto efeitos benéficos quanto prejudiciais, dependendo
do contexto patolégico (Sofroniew, 2009).

Classicamente, culturas de astrécitos de cérebro de roedores tém sido
usadas na caracterizacdo de propriedades bioquimicas, farmacoldgicas e
morfologicas do SNC. Culturas primarias de astrocitos apresentam importantes
marcadores, tais como as proteinas GFAP (proteina glial fibrilar acida), S100B

e glutamina sintetase (GS).
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1.3 MARCADORES ASTROCITARIOS

1.3.1 PROTEINAS DE CITOESQUELETO: PROTEINA GLIAL FIBRILAR
ACIDA (GFAP) E VIMENTINA

A GFAP é uma proteina constituinte de citoesqueleto de astrécitos, da
classe dos filamentos intermediarios do tipo Ill. Os estudos sobre as
propriedades desta proteina derivaram de seu isolamento a partir do cérebro
de portadores de esclerose multipla, uma doencga neurodegenerativa que tem
como caracteristica a gliose reativa (Eng et al, 2000). Esta proteina, de peso
molecular aparente de 50kDa, é amplamente utilizada como marcador
astrocitico e pode indicar tanto o estado basal, quanto o estado reativo dos
astrocitos. Apds alguma lesdo no SNC, seja ela resultado de patologias,
trauma, insulto quimico ou doencas genéticas, os astrécitos se tornam reativos
e respondem de maneira tipica com a astrogliose, que € caracterizada por
rapida sintese de filamentos intermediarios de GFAP. O estudo da GFAP é
mais uma evidéncia de como os astrdcitos respondem de maneira complexa e
variada a lesdes.

Apesar de a GFAP ser a proteina de citoesqueleto mais caracteristica de
astrocitos, cabe ressaltar a importancia de um filamento intermediario que esta
presente no citoesqueleto de astrocitos no inicio de seu desenvolvimento, a
vimentina. Durante o processo de diferenciacdo, a vimentina vai sendo
progressivamente substituida pela GFAP (Bignami et al, 1982; Dahl et al, 1981)
in vivo, entretanto, em astrécitos primariamente cultivados, a transicdo
vimentina — GFAP é incompleta e elas sdo, portanto, co-expressas (Bignami &

Dahl, 1989; Ciesielski-Treska et al, 1988).
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1.3.2 PROTEINAS INTRACELULARES: S100B E ALDH1L1

A proteina S100B € um homodimero de 21kDa e faz parte da familia de
proteinas S100, que foram primeiramente identificadas em extrato cerebral
bovino (Moore, 1965). Ela é uma proteina ligante de célcio produzida e
secretada principalmente por astrécitos no SNC, apesar de sua expressédo nao
ser exclusividade de células cerebrais (Donato, 2001; Donato, 2003). A S100B
possui atividade tanto intracelular — por exemplo, regulacéo e diferenciacao
celular, fosforilacdo de proteinas, atividade de enzimas, entre outros —, quanto
extracelular, sendo esta dependente da concentragdo, visto que em
quantidades nanomolares ela apresenta efeitos tréficos, protege neurdnios
contra excitotoxicidade glutamatérgica (Goncalves et al, 2008; Tramontina et al,
2006) e aumenta a sobrevivéncia neuronal e em quantidades micromolares ela
exerce efeitos neurotoxicos e induz apoptose (Van Eldik & Wainwright, 2003). A
S100B é capaz de inibir a associagdo de microtibulos mediada pela
fosforilacdo de proteina Tau, o que pode ser mais um mecanismo de
neuroprotecdo mediado por astrécitos, visto que esta medida evita a
hiperfosforilacdo da proteina Tau, mais uma caracteristica presente na doenca
de Alzheimer (Yu & Fraser, 2001).

Outro marcador que vem ganhando a atencdo dos pesquisadores é uma
proteina da familia Aldeido Desidrogenase 1, o membro L1 (ALDH1L1 EC
1.5.1.6). Esta, também conhecida como  10-formiltetrahidrofolato
desidrogenase, € uma enzima que converte 10-formiltetrahidrofolato a
tetrahidrofolato e esta atividade est4 envolvida na biosintese de novo de
nucleotideos e, portanto, na divisédo e crescimento celulares (Krupenko, 2009).

Um estudo recente demonstrou que ALDHI1L1 é coexpressa na mesma
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populacdo de células que expressam o gene do transportador GLT-1,
sabidamente exclusivo de astrocitos, e ndo em populacdo de células que
expressam proteinas especificas de neurdnios, oligondendrécitos ou microglia

(Yang et al).

1.3.3 GLUTAMINA SINTETASE

A glutamina sintetase (GS) é uma enzima que, no SNC, é
exclusivamente astrocitaria (Norenberg & Martinez-Hernandez, 1979). Ela é a
peca chave tanto para a detoxificagdo da amodnia quanto para a comunicacao
entre os astrocitos e 0os neurdnios, por catalisar, de maneira ATP-dependente,
a amidacdo do glutamato a glutamina. Apds o glutamato ser captado pelos
transportadores de alta afinidade astrocitarios, intracelularmente ele pode
seguir trés destinos (veja a seguir), sendo um deles a converséo a glutamina e
posterior retorno ao neurdnio, que a reconvertera a glutamato para uso como
neurotransmissor, 0 que caracteriza 0 ciclo glutamato-glutamina. Estudos
demonstraram que neurbnios, terminais sindpticos, oligodendrdcitos, células
microgliais, pericitos, células endoteliais e outros tipos celulares do SNC néo
possuem quantidades significativas desta proteina (Norenberg & Martinez-

Hernandez, 1979).

2. METABOLISMO GLUTAMATERGICO

O glutamato é considerado o principal mediador de sinais excitatorios do
sistema nervoso central (SNC) e estd envolvido em muitos processos de
neuroplasticidade, incluindo aprendizado e memoria (Izquierdo & Medina,

1997), desenvolvimento cerebral, envelhecimento (Segovia et al, 2001b), entre
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outros. Concomitantemente, sabe-se que inUmeras doencas cerebrais estdo
relacionadas com a hiper ativagdo do sistema glutamatérgico (excitotoxicidade
glutamatérgica) (Danbolt, 2001).

O glutamato ativa receptores ionotropicos e metabotropicos, situados em
diferentes posicdes da sinapse excitatéria, incluindo o terminal pré-sinaptico,
pés-sinaptico e os astrécitos que dédo suporte a sinapse (Danbolt, 2001).
Portanto, a concentracdo de glutamato na sinapse determina a extenséo de
ativacdo dos receptores e se suas acdes serdo fisioldgicas ou excitotoxicas.
Assim, é de critica importancia que a concentracdo extracelular de glutamato
seja regulada para evitar a hiperativacdo dos receptores e consequente
excitotoxicidade glutamatérgica. Essa regulacdo se da predominantemente
pela captacdo de glutamato realizada pelos transportadores glutamatérgicos

astrocitarios (Anderson & Swanson, 2000).

2.1 CAPTACAO DE GLUTAMATO

Os transportadores de glutamato sao expressos em muitos tipos
celulares no SNC, incluindo astrécitos, neurénios, oligodendrécitos, microglia e
endotélio (Domercqg & Matute, 1999; O'Kane et al, 1999) e, destes, a captacao
astrocitaria dependente de sodio é, quantitativamente, a mais importante para a
manutencao de niveis extracelulares fisioldgicos de glutamato, evitando, assim,
seu potencial excitotéxico. Este processo é capaz de concentrar o glutamato
intracelular mais de dez mil vezes em comparacao ao glutamato extracelular.

Até o momento, cinco transportadores foram identificados no cérebro de
ratos. Incluem-se entre eles os transportadores astrocitarios GLAST — presente

majoritariamente no cerebelo — e GLT-1 — presente majoritariamente no cortex,
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hipocampo e putamen caudato (Pines et al, 1992; Storck et al, 1992). O
EAAC1, transportador de glutamato expresso em menores quantidades em
astrocitos corticais, é expresso majoritariamente em neurdnios (Kanai &
Hediger, 1992). Transportadores de glutamato ndo expressos em astricitos
sdo o EAAT4 (Fairman et al, 1995), identificado em células cerebelares de

Purkinje e o EAATS5 (Arriza et al, 1997), expresso na retina.

2.2 DESTINOS DO GLUTAMATO

O glutamato € o aminoacido mais abundante encontrado
intracelularmente (concentracbes encontradas variam entre 2 e 20mM),
enquanto que a glutamina é o aminoacido mais abundante encontrado
extracelularmente in vivo (0,7mM comparado a em torno de 0,02mM,
encontrado para o glutamato) (Newsholme et al, 2003). Intracelularmente, ele
pode ter trés destinos principais: sintese de glutamina, producdo de GSH ou

oxidacao no ciclo dos acidos tricarboxilicos.

2.2.1 SINTESE DE GLUTAMINA

O glutamato captado pelos astrécitos pode ser convertido a glutamina,
que é liberada para o meio extracelular e captada pelos neurbnios para
reconversao a glutamate (Danbolt, 2001). Este processo € a umas das vias de
reciclagem do glutamato e a sintese de glutamina exclusivamente astrocitaria
deriva do fato de a enzima responsavel pela sua produgdo — glutamina
sintetase — ter sido imunocitoquimicamente demonstrada, no cérebro, como
sendo exclusivamente astrocitaria (Norenberg & Martinez-Hernandez, 1979).

Entretanto, sabe-se que nem todas as populacdes neuronais expressam a
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glutaminase ativada por fosfato (Laake et al, 1999; Ottersen et al, 1998), uma
enzima mitocondrial que desamina a glutamina a glutamato e ja foi observado
em experimentos in vivo que a maior parte da glutamina administrada no
cérebro é metabolizada a CO,, 0 que leva a crer que a maioria da glutamina
produzida seja utilizada como um importante substrato energético (Bradford et

al, 1978; Hassel & Sonnewald, 1995).

2.2.2. SINTESE DE GSH

O tripeptideo GSH €& considerado uma das principais defesas
antioxidante do cérebro (Dringen, 2000) e é formado por glutamato, cisteina e
glicina. O glutamato é substrato da primeira enzima na via de sintese de GSH,
a y-glutamil-cisteino sintetase, e os maiores fornecedores de GSH no cérebro
séo os astrécitos. A GSH exerce seu efeito antioxidante reagindo diretamente
(de maneira ndo-enzimética) com espécies reativas de oxigénio (ERO), ou
sofrendo oxidacdo pela acdo da enzima glutationa peroxidase (Pope et al,

2008).

2.2.3 CICLO DOS ACIDOS TRICARBOXILICOS

Apbs captacao pelos transportadores, o glutamato pode ser diretamente
utilizado como fonte de energia pela sua conversdo a a-cetoglutarato (por
desaminacao pela glutamato desidrogenase ou por transaminacéo por uma das
transaminases). O a-cetoglutarato pode ser metabolizado através do ciclo dos
acidos tricarboxilicos a succinato, fumarato e malato, sucessivamente. O
malato, posteriormente, pode seguir a via dos acidos tricarboxilicos, ou pode

ser descarboxilado a piruvato e reduzido a lactato (McKenna et al, 1996). O
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lactato, entdo, pode ser exportado para o meio extracelular onde pode ser

captado pelos neurdnios (Pellerin et al, 2002).

3. RADICAIS LIVRES, ESTRESSE OXIDATIVO E RESPOSTA
ANTIOXIDANTE

Radicais livres sdo estruturas quimicas que possuem um de seus
elétrons desemparelhados, ou seja, ocupando um orbital atbmico ou molecular
sozinho, o que confere alta instabilidade e reatividade a toda a estrutura. Estas
propriedades tornam o radical livre altamente capaz de se ligar de maneira
inespecifica as moléculas circundantes (Halliwell, 2006; Halliwell, 2007). Os
radicais livres possuem papéis fisioldgicos nas células (especialmente em vias
de sinalizagao celular), mas sdo mais famosos e estudados pelos seus efeitos
deletérios (Forman, 2007). Na mitocondria, o funcionamento da cadeia de
transporte de elétrons, essencial para a geragdo de ATP, € o mais conhecido
processo de geracdo de radicais livres, sendo que em condi¢cbes patoldgicas
h4 um aumento da producdo desses radicais (Halliwell, 2007) o que pode
causar a oxidacdo de biomoléculas como lipideos, proteinas e DNA (Halliwell,
2001).

A alteracdo do equilibrio entre a producdo de radicais livres (alta) e
defesas antioxidantes (baixas) gera o estresse oxidativo (Halliwell, 2006;
Halliwell, 2007), o que pode promover adaptagédo, dano ou morte celular. Se a
célula se adapta, ela compensa o estresse com 0 aumento da sintese de
antioxidantes. Quando isso néo é possivel, ocorre dano a biomoléculas e caso
nao haja um sistema eficiente de reparo, ocorrera morte celular (Halliwell,

2001). Muitas doencas neurologicas tém sua fisiopatologia associada a
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estresse oxidativo, que pode ser mediado, em parte, pela ativacdo de
receptores glutamatérgicos ionotrépicos do tipo NMDA (Coyle & Puttfarcken,
1993).

Astrécitos adultos apresentam uma reducdo nas suas defesas
antioxidantes, incluindo os niveis de GSH, e exibem mais susceptibilidade ao
estresse oxidativo e um aumento nas ERO. Também, a captacdo de glutamato
pode ser inibida pela oxidac&o direta de transportadores de glutamato e estes
eventos estdo associados ao envelhecimento e as doencas
neurodegenerativas. Recentemente, foi demonstrado que a reducdo nos niveis
de GSH esté associada a processos neuroinflamatorios, bastante caracteristico
no curso das doencas neurodegenerativas (Lee et al). Assim, podemos inferir
que o surgimento de moléculas antioxidantes na terapéutica pode representar
avancos na profilaxia e/ou tratamento de doencgas cuja origem seja relacionada
ao estresse oxidativo.

Desta maneira, o estudo de propriedades astrocitarias no cérebro adulto
€ de fundamental importancia para a compreensédo do funcionamento do SNC
como um todo e a cultura de células € uma ferramenta de alta relevancia neste
contexto, visto que se desenvolve de maneira controlada e € capaz de
apresentar respostas alvo-especificas para diferentes insultos e agentes

terapéuticos.
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4. OBJETIVOS

4.1 OBJETIVO GERAL

O objetivo deste estudo foi estabelecer um modelo in vitro de cultura de
astrocitos adultos de ratos Wistar e avaliar as principais funcdes astrocitarias
relacionadas ao sistema glutamatérgico.

4.2 OBJETIVOS ESPECIFICOS

Os objetivos especificos deste estudo foram:

- Padronizar um protocolo que permitisse a geracdo de uma cultura
funcional de astrécitos adultos;

- determinar a expressao dos principais marcadores gliais;

- comparar a captacdo de glutamato, atividade da GS e niveis
intracelulares de GSH entre cultura priméaria de astrécitos de ratos Wistar
adultos e neonatos;

- avaliar os efeitos do estresse oxidativo em parametros glutamatérgicos
e medir a producéo intracelular de espécies reativas de oxigénio;

- testar se o0s astrocitos adultos respondem a vias de sinalizacao

responsaveis pela organizacéo do citoesqueleto e a condi¢des inflamatorias.
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Abstract

Astrocytes are the main class of glial cells, serving a wide range of adaptive
functions in the central nervous system (CNS). These cells regulate
neurotransmitter systems, synaptic processing, ionic homeostasis, antioxidant
defenses and energy metabolism. Astrocytes are responsible for major
glutamate transport and regulate extracellular levels of glutamate. The
synthesis of glutamine and glutathione (GSH) are two important destinations for
glutamate. Cultures of astrocytes from rodent brain have been used extensively
characterizing biochemical, pharmacological and morphological properties of
CNS. The aim of this study is characterizing the adult astrocytes primary
cultures from Wistar rats, focusing on glutamatergic metabolism. Adult
astrocytes, in basal conditions, present polygonal to fusiform and flat
morphology. These cells also present the main glial markers, such as GFAP,
glutamate transporter, glutamine synthetase and S100B. Moreover, astrocytes
are able to take up glutamate and convert it into glutamine and GSH. Changes
in oxidative stress were observed and neuroprotective ability is diminished in
adult astrocytes. The response to inflammatory stimulus was also observed and
changes in actin cytoskeleton were induced in stimulated astrocytes. These
findings indicate that culture model described here exhibit biochemical and
physiological astrocytes properties and it may be useful for understanding of
mechanisms related to adult and aging brain, as well as, compounds related to

neurotoxicity and neuroprotection.
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Introduction

Astrocytes are key cells in the maintenance of physiological and
pathological conditions in the central nervous system (CNS) (Maragakis and
Rothstein 2006; Nedergaard et al. 2003; Wang and Bordey 2008). They are
involved in maintenance of extracellular environment and stabilization of cell-
cell communications in the CNS (Maragakis and Rothstein 2006). Astrocytes
have been shown to be involved in the regulation of the brain, in particular
regarding neurotransmitter systems and ionic homeostasis; metabolic support
for neurons; regulation of energy metabolism; synaptic information processing,
plasticity and neuronal excitability; detoxification; defense against oxidative
stress; metal sequestration; maintenance of the blood-brain barrier; guidance of
neuronal migration and immune function (Belanger et al. ; Kettenmann and
Verkhratsky 2008). These versatile cells are, in addition, the most resilient cells
in the CNS.

Classically, cultures of astrocytes from rodent brain have been used
extensively characterizing biochemical, pharmacological and morphological
properties of CNS (Booher and Sensenbrenner 1972; Skytt et al.). Primary
culture of astrocytes presents important markers, such as GFAP (glial fibrillary
acidic protein), S100B and glutamine synthetase (GS) proteins (Bak et al. 2006;
Donato et al. 2009; Menet et al. 2001; Westergaard et al. 1995). These markers
undergo changes in aging (Gottfried et al. 2002; Menet et al. 2001; Pertusa et
al. 2007), which also promotes changes in the functions mentioned above.
Moreover, astrocyte cultures are extremely useful for metabolic studies related
to glutamatergic system, oxidative stress and inflammatory response (Chen and
Swanson 2003; Duan et al. 1999). It is important to mention that numerous
evidences on alterations in astrocyte function during aging and
neurodegenerative diseases have been related to changes in redox
homeostasis and glutamate metabolism (Gottfried et al. 2002; Klamt et al. 2002;
Pertusa et al. 2007).

Astrocytes are the cell type that is mainly responsible for clearing
extracellular glutamate, due to its high-affinity glutamate transporters (Anderson
and Swanson 2000; Danbolt 2001; Duan et al. 1999). The modulation of
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extracellular glutamate determines whether their actions will be physiological or
excitotoxic. Glutamate is the main mediator of excitatory signaling in the CNS
and plays an important role in neural plasticity and neurotoxicity. After the
glutamate be taken up by astrocytes, it is converted into glutamine by the
enzyme GS (EC 6.3.1.2) (Hertz and Zielke 2004; Mates et al. 2002). Astrocytes
then release glutamine onto glutamatergic and GABAergic terminals and it is
again converted to glutamate; this system is called glutamate-glutamine cycle
(Hertz and Zielke 2004; Magistretti and Pellerin 1997; Magistretti and Pellerin
2000). Glutamate uptake is also important for maintaining glutathione (GSH)
levels (Hertz and Zielke 2004; Mates et al. 2002; Raps et al. 1989). GSH is the
major antioxidant molecule of the brain. Both astrocytes and neurons can
synthesize GSH tripeptide (y-L-glutamyl-L-cysteinylglycine), but neurons are
highly dependent on astrocytes for supply of the precursor amino acids
necessary for their own GSH synthesis (Dringen 2000; Dringen et al. 1999;
Hertz and Zielke 2004; Raps et al. 1989).

Adult astrocytes in vivo decrease antioxidant defenses, including GSH
levels, exhibiting more susceptibility to oxidative stress and an increase in
reactive oxygen species (ROS) (Lin et al. 2007; Pertusa et al. 2007). In addition,
glutamate uptake can be inhibited by the direct oxidation of glutamate
transporters and all these events are associated to aging and
neurodegenerative disorders (Lee et al. ; Trotti et al. 1998; Volterra et al. 1994)
(Lauderback et al. 2001). In this context, the aim of this study was to establish
an in vitro model of astrocyte adult culture from Wistar rats and to evaluate the
main astrocytic functions associated to glutamatergic system. First, we
determined the expression of GFAP, GS, S100B, vimentin and aldehyde
dehydrogenase family 1, member L1 (ALDH1L1 — EC 1.5.1.6). Secondly, we
compared the glutamate uptake, GS activity and GSH intracellular levels
between astrocytes primary cultured of newborns and adults Wistar rats. Next,
we evaluated the effect of oxidative stress on glutamate parameters and
measured intracellular ROS production. Finally, we tested whether cell cultures

respond to cytoskeleton signaling pathways and inflammatory conditions.
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Materials and Methods
Reagents

Dulbecco’s Modified Eagle’s Medium/F12 and other materials for cells culture
were purchased from Gibco. Papain and H,O, were from Merck. DNase,
cysteine, albumin, ZnCl,, polyclonal anti-f tubulin 1ll, polyclonal anti-Glutamine
Synthetase, monoclonal anti-S100B, monoclonal anti-vimentin, polyclonal anti-
nestin, o-phtaldyaldehyde, lysophosphatidic acid (LPA), (2-7-
dichorofluorescein  diacetate = (DCFHDA), propidium iodide (PIl), -
glutamylhydroxamate were from Sigma-Aldrich. SB203580 and 4’,6’-diamino-2-
phenylindole (DAPI) were from Calbiochem. Polyclonal anti-GFAP was from
Dako; monoclonal anti-NeuN was from Millipore; monoclonal anti-CD11 was
from Invitrogen; polyclonal anti-GLAST, polyclonal anti-GLT1 and polyclonal
anti-EAAC1 were from Alpha Diagnostic, monoclonal anti-Aldehyde
dehydrogenase family 1 member L1 was from Neuromab; monoclonal anti-
GAPDH was from Chemicon. L-[*H]-glutamate, nitrocellulose membrane and
ECL kit were purchased from Amersham. Alexa Fluor® 488 (Amax=493;
Emax=519) or 594 (Amnax=591; Enax=614)-conjugated AffiniPure antibodies were
purchase from Jackson ImmunoResearch. All other chemicals were purchased

from common commercial suppliers.
Session 1 — Cell culture
1.1 Primary adult astrocyte culture

This procedure was carried out in accordance with the NIH Guide for the Care
and Use of Laboratory Animals and was approved by the local authorities. Male
Wistar rats (90 days) had their entire cortex dissected aseptically, separated
from hypoccampus, striatum and white matter. During dissection, the cortices
were kept in HBSS containing 0.05% trypsin and 0.003% DNase. Next, this
solution was kept at 37°C for 15 min. After, tissue was mechanically dissociated
with Pasteur Pipette for more 15 min, and centrifuged at 1000 RPM for 5 min.
The pellet was ressuspended in a solution of HBSS containing 40 U papain/ml,
0.02% cysteine and 0.003% DNase and again mechanically dissociated for 15

min, gently, with Pasteur Pipette. After another centrifugation (1000 RPM, 5
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min), cells were ressuspended in HBSS containing only DNase 0.003% and left
for decantation during 30 — 40 min. Supernatant was collected and centrifuged
for 7 min, 1000 RPM. Cells were ressuspended in DMEM/F12 containing 10%
fetal bovine serum (FBS), 15 mM HEPES, 14.3 mM NaHCOgs, 1% fungizone
and 0,04% gentamicyn, plated in 6 or 24-well plates pre-coated with poli-L-lisine
and cultured at 37°C in a 95% air/5% CO; incubator. Were seeded 3 — 5 x 10°
cellsicm?. Some tests were made to evaluate the need of two enzymatic
digestions and the need of two moments of mechanic dissociation until we

came to this final protocol. Cysteine is required as a starter of papain activity.
1.2 Cell culture maintenance

First medium exchange occurred 24 h after culture obtention. At the first week,
medium change occurred once every two days and from the second week on,
once every four days. From the third week on, cells received medium
supplemented with 20% FBS. Around 4" to 5" week, cells were used for

experiments. No dbcAMP was added into the culture medium.
1.3 Primary newborn astrocyte culture

Cerebral cortices of newborn Wistar rats (1 — 2 days old) were removed,
cleaned of meninges and mechanically dissociated in the presence of trypsin.
This procedure was prepared as previously described by (Gottfried et al. 1999),

with some modifications.
Session 2 - Experiments
2.1 Hydrogen peroxide and ZnCl, treatments

After cells reached the confluence, the culture medium was removed and cells
were exposed to H,O, (50 and 100 pM) for 1, 3 or 6 h. We performed an acute
experiment also, exposing cells to 1mM H;O, for 1 h. During incubations, cells

were maintained at 37°C in an atmosphere of 5% C0O,/95% air.

In another set of experiments and also after cells reached confluence, we
evaluate the effects of ZnCl, exposure to the cells and the possible involvement

of the Rho A signaling pathway in these effects. Cells were incubated with 50
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MM ZnCl; in the presence or absence of 2 uM lysophosphatidic acid (LPA),
which was added 30 minutes before the treatment.

2.2 Immunocytochemistry

Immunocytochemistry was performed as described previously (Brozzi et al.
2009). Briefly, cells cultured were fixed with 4% paraformaldehyde for 20 min
and permeabilized with 0.1% Triton X-100 in PBS for 5 min at room
temperature. After blocking overnight with 4% albumin, cells were incubated
overnight with anti-GFAP (1:400), anti-Glutamine synthetase (1:10000), anti-p-
tubulin 11l (1:500), anti-NeuN (1:50), anti-CD11 (1:400), anti-nestin (1:100) at
4°C, followed by PBS washes and incubation with specific secondary antibody
conjugated with Alexa Fluor® 488 (green staining) or 594 (red staining), for 1 h
at room temperature. In all immunostaining-negative controls, reactions were
performed by omitting the primary anti-body. No reactivity was observed when
the primary antibody was excluded. Nucleus of cells was stained with 0.2 ug/ml
of 4’,6’-diamidino-2-phenylindole (DAPI). Cells were viewed with a Nikon
inverted microscope and images transferred to a computer with a digital camera
(Sound Vision Inc., USA).

2.3 Western blot analyses

In order to confirm the presence of specific proteins, we performed the Western
blot analyses. Briefly, cells were removed from plates after reached the
confluence with a lyses solution of (in mM): 347 SDS, 100 EDTA, 500 TRIS-HCI
pH 6.8. Protein was measured and samples were standardize with sample
buffer [62.5 mM Tris-HCI, pH 6.8, 4% (v/v) glycerol, 0.002% (w/v) bromophenol
blue] and boiled at 95°C for 5 minutes. After, they were loaded in the gels (50
Mg protein), together with a positive control (rat whole cortex homogenate),
submitted to electrophoresis in SDS-polyacrylamide gel and blotted onto a
nitrocellulose membrane. Adequate loading of each sample was confirmed with
Ponceau S staining. After blocking with 4% albumin for 2h, membranes were
incubated overnight with one of the following antibodys: anti-vimentin (1:400),
anti-S100B (1:2000), anti-GFAP (1:1000), anti-glutamine synthetase (1:20000),
anti-GLT1 (1:2000), anti-GLAST (1:2000), anti-EAAC1 (1:2000), anti-ALDH1L1
(1:1000), anti-GAPDH (1:300), anti-B tubulin 11l (1:1500), anti-nestin (1:500).
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After incubating overnight with the primary antibody at 4°C, membranes were
washed and incubated with peroxidase-conjugated anti-rabbit immunoglobulin
(IgG) — in the case of the following antibodies: anti -nestin, -GLT1, -GLAST, -
EAAC1, -GS, -B tubulin 1l and -GFAP — or with peroxidase-conjugated anti-
mouse immunoglobulin (IgG) — in the case of the following antibodies: anti -
ALDH1L1, - vimentin, -GAPDH, -S100B — at a dilution of 1:2000 overnight.
GAPDH was used as a loading control, but our interested was only identify the
presence of proteins. The chemiluminescence signal was detected using ECL
kit and a Kodak film.

2.4 Glutamate uptake

Glutamate uptake was performed as previously described (Gottfried et al. 2002)
with some modifications. Briefly, astrocytes were incubated at 37°C in a Hank’s
balanced salt solution (HBSS) containing (in mM): 137 NaCl, 5.36 KCI, 1.26
CaCly, 0.41 MgSO,, 0.49 MgCl,, 0.63 Na;HPO, . 7H,0, 0.44 KH,PO,, 4.17
NaHCOg3;, and 5.6 glucose, adjusted to pH 7.4. The assay was started by the
addition of 0.1 mM L-glutamate and 0.33 pCi/ml L-[2,3-*H] glutamate. The
incubation was stopped after 7 min by removal of the medium and rinsing the
cells twice with ice-cold HBSS. The cells were then lysed in a solution
containing 0.5 M NaOH. Radioactivity was measured in a scintillation counter.
Sodium-independent uptake was determined by using N-methyl-D-glucamine
instead of sodium chloride. Sodium-dependent glutamate uptake, considered
the “specific uptake”, was obtained by subtracting the non-specific uptake of the

total uptake.
2.5 Glutamine synthetase activity

The enzymatic assay was performed as previously described (dos Santos et al.
2006), after cells reached confluence. Briefly, homogenate of cells (0.1 ml) was
added to 0.1 ml of the reaction mixture containing (in mM): 10 MgCl,, 50 L-
glutamate, 100 imidazole-HCI buffer (pH 7.4), 10 2-mercaptoethanol, 50
hydroxylamine-HCI, and 10 ATP, and incubated for 15 min at 37°C. The
reaction was stopped by the addition of 0.4 ml of a solution containing (in mM):
370 ferric chloride, 670 HCI, and 200 trichloroacetic acid. After centrifugation,

the absorbance of the supernatant was measured at 530 nm and compared to
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the absorbance generated by standard quantities of y-glutamylhydroxamate

treated with ferric chloride reagent.
2.6 Glutathione content

GSH levels were assessed as previously described (Browne and Armstrong
1998), after cells reached confluence. Astrocytes homogenates were diluted in
10 volumes of 100 mM sodium phosphate buffer, pH 8.0, containing 5 mM
EDTA and the protein was precipitated with 1.7% meta-phosphoric acid.
Supernatant was assayed with o-phthaldialdeyde (1 mg/ml 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 GSH solutions (0-500 yM). GSH concentrations were

calculated as nmol/mg protein.
2.7 Cell morphology and viability — MTT and Pl assays

Morphological studies were performed using phase contrast optics and cells
were photographed or used in fixed labeling studies. Cellular damage was
assessed by fluorescent image analysis (Nikon inverted microscope using a TE-
FM Epi-Fluorescence accessory) of Pl uptake (PI, at 7.5 yM) (dos Santos et al.
2006), at 37°C in an atmosphere of 5% C0O2/95% air in DMEM/F12 5% FBS.
Cell viability was determined by 3-(4,5-dimethyl-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay. Briefly, 0.05 mg/ml of MTT was added to the
medium of incubation. After 3 hours of incubation, the medium from each well
was gently removed by aspiration and dimethylsulfoxide (DMSO) was added to
each well followed by incubation and shaking for 5 min. The formazan product
generated during the incubation was solubilized in DMSO and measured at 560
and 650 nm. Only viable cells are able to reduce MTT.

2.8 Intracellular ROS production

Intracellular ROS production was detected using the nonfluorescent cell
permeating compound, 2’-7’-dichlorofluorescein diacetate (DCFHDA), on cells
treated with H,O, 50 uM or in basal conditions. DCFH-DA is hydrolyzed by
intracellular esterases to dichlorofluorescin (DCFH), which is trapped within the

cell. This nonfluorescent molecule is then oxidized to fluorescent
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dichlorofluorescin (DCF) by the action of cellular oxidants. Astrocytes were
treated with DCFH-DA (10 puM) for 30 min at 37°C. Following DCFH-DA
exposure, the cells were scraped into PBS with 0.2% Triton X-100. The
fluorescence was measured in a plate reader (Spectra Max M5, Molecular
Devices, USA) with excitation at 485 nm and emission at 520 nm (Quincozes-
Santos et al. 2009).

2.9 Cytoskeleton analyses — actin labeling

For actin-labeling analysis, pre-confluent cells cultured were exposure to H,O,,
H.O, + SB203580, ZnCl, and ZnCl, + LPA. After, cells were fixed for 20 min
with 4% paraformaldehyde in phosphate-buffered saline (PBS), rinsed with
PBS, and permeabilized for 10 min in PBS containing 0.2% Triton X-100,
followed by incubation with 10 pug/ml rhodamine-labeled phalloidin in PBS for 45
min and washed twice with PBS. Astrocytes were analyzed and photographed
with a Nikon microscope using a TE-FM Epi-Fluorescence accessory. The

compound SB203580 is a specific inhibitor of p38 MAPK signaling pathway.
2.10 Tumor necrosis factor alpha (TNF-a) measurement:

Tumor necrosis factor alpha assay was carried out in 100 pL of extracellular
medium, using a rat TNFa ELISA from PeproTech (USA).

2.11 Protein assay

Protein content was measured by Lowry’s method using bovine serum albumin

as standard (Lowry et al. 1951).
2.12 Statistical analyses

Data from the experiments were analyzed statistically by Student-t test or by
one-way analysis of variance (ANOVA), followed by the Tukey’s Test. Values of
P < 0.05 were considered to be significant. All analyses were carried out using
the Statistical Package for Social Sciences (SPSS) software version 15.0.

Results
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Glial markers expressed in adult astrocytes

Astrocytes possess specific cytoarchitectural to respond to changes in
their microenvironment, developing adequately their functions (Belanger et al.).
Our results showed that adult astrocytes, in basal conditions, present polygonal
to fusiform and flat morphology (Fig. 1A, B), analyzed with phase-contrast
microscopy. Moreover, these cells were able to divide until are reached the
confluence, about 4™ or 5™ weeks and we did not observe any morphological
alterations or significant cell death in this time (data not shown).

The main markers of astrocytes were also determined in adult astrocytes
primary cultured. The expression of cytoskeleton GFAP protein was evaluated
by immunocytochemistry (Fig. 2A, B); showing intense cytoplasmic
immunolabeling to GFAP, attesting to their astrocyte phenotype. The stained for
GFAP formed a meshwork extending across the cytoplasm. By immunoblot
(Fig. 2C), we also observed strong marking for GFAP compared to brain
homogenates from Wistar rats at 90 days. Vimentin, another intermediate
filament of cytoskeleton was also expressed in these cells (Fig. 2D). Although
we did not quantify the expression of the proteins, we suggest that the
expression of GFAP was superior to the one observed to vimentin (see section
materials and methods, antibody dilution) (Gottfried et al. 2002).

Nestin, an intermediate filament predominantly expressed by progenitor
cells in CNS (Lendahl et al. 1990; Menet et al. 2001), was evaluated to
determine the percentage of progenitors after 1%, 2" weeks of culture and after
reached the confluence. Immunoblot presented the expression of nestin for all
three conditions evaluated (Fig. 3A). Nestin immunostaining indicated a low
presence of progenitors in the first weeks (data not shown). Interestingly, nestin
showed to be very diffusely distributed throughout the cytoplasm of the cells at
confluence (Fig. 3B).

GS protein, a constitutive marker of astroglial cells, was also evaluated
by immunocytochesmitry (Fig. 4A) and immunoblot (Fig. 4B). In both
determinations we observed intense marking for GS. Recently, was
demonstrated that ALDH1L1, a key enzyme in folate metabolism, may regulate

astrocyte division (Yang et al.). Immunoblot analyses determined the presence
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of ALDHIL1 in our cultures (Fig. 4C). S100B, a Ca®'-binding protein, is
abundantly expressed in astrocytes and has been implicated in the regulation of
intracellular functions including proliferation and differentiation. Western blot
showed the expression of S100B protein (Fig. 4D).

To determine whether the culture showed microglia or neurons after
reached the confluence, we used three specific antibodies: (i) anti-CD11b/c (an
antibody that recognizes a specific protein from microglia), (ii) anti-g tubulin I
(an antibody that recognizes a type of microtubule expressed exclusively in
neurons) and (iii) anti-NeuN (an antibody that recognizes a neuronal protein
distributed in neuronal nuclei). We found by about 5% of stained for microglia

and did not observe the expression of 8 tubulin Il or NeuN (data not shown).

Glutamate uptake is decreased in adult astrocytes primary cultured

As shown in Table 1, the glutamate uptake was significantly decreased
compared to primary astrocytes cultured from newborn Wistar rats. Two
destinations of glutamate after be taken up by astrocytes were also evaluated,
the GS activity and the intracellular content of GSH, both decreased when
compared to newborn astrocytes (Table 1). It is important to mention that the
levels of GSH found in adult astrocytes are similar to those in brain

homogenates in the same age (Rodrigues et al. 2009).

The glutamate transport system plays important roles in the
determination of glutamatergic synaptic transmission. Five different isoforms of
glutamate transporters (or excitatory amino acid carriers — EAAT) have now
been identified in the plasma membrane of astrocytes and neurons: GLAST
(EAAT1), GLT1 (EAAT2), EAACL (EAAT3), EAAT4 and EAATS5 (Danbolt 2001).
In our cells cultured we detected the immunocontent of GLAST and GLT1, the
main glutamate transporter subtypes known to be expressed by mammalian
forebrain astrocytes in culture and in situ (Fig. 5A and B, respectively). We did
not observe the expression of EAAC1 (data not shown).

Astrocytes are vulnerable to oxidative stress
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Considering that glutamate transporters are sensible to oxidative stress,
which can cause impairment of glutamate uptake and of GSH synthesis, we
assess the response of astrocytes under oxidative condition. Firstly, we
evaluated integrity and metabolic activity of the cells stimulated with H,O, for 1,
3 and 6 h by measuring PI incorporation and MTT reduction. H,O, (50 and 100
MM) decreased MTT reduction by about 14% (P < 0.05) and 20% (P < 0.01)
compared to control conditions, respectively, since 3 h of treatment (Table 2).
They also induced a slight loss of cell integrity (Table 2). After 6 h, 100 uM H,0,
induced an intense reduction of cell viability. A high concentration of H,O, (1000
UM — 1h of exposure) was able to induce cell death, indicating that adult in vitro
astrocytes detoxify H,O, quickly, in agreement with astrocytes in vivo and in

vitro (data not shown) (Dringen et al. 1998).

In order, we measured the intracellular ROS production by DCFH
oxidation, after cells were stimulated by 50 uM H,O, for 3 h. We choose this
concentration of H,O, because we did not observe integrity loss in cell
membrane. The ROS generation was increased by about 34% compared to
control conditions (P < 0.01), Fig. 6A.

After causing significant changes in cellular redox status, we assessed
the main destinations of glutamate under oxidative stress. Figure 6 also
displays that 50 uM H,0O, after 3 h of treatment decreased glutamate uptake
from 0.8 £ 0.08 nmol/mg protein/min to 0.6 £ 0.09 nmol/mg protein/min, P <
0.05 (Fig. 6B); GS activity by about 20%, P < 0.01 (Fig. 6C) and GSH
intracellular levels from 15 + 1.2 nmol/mg protein to 11.5 + 1.4 nmol/mg protein,

P < 0.01 (Fig. 6D) compared to control conditions.

These data strongly suggest that adult astrocytes respond to oxidative
stress. Moreover, the generation and accumulation of ROS in adult astrocytes
decreased the glutamatergic system activity, reducing the astrocytic protective

functions related to glutamate metabolism.

Hydrogen peroxide and Zn®** induce changes in actin cytoskeleton of

astrocytes
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The actin cytoskeleton is the major determinant of cell morphology, being
involved in motility, migration and cellular adhesion (Zigmond 1996). Impairment
of actin polymerization alters astrocytic functions, such as Ca?* signaling, cell
growth and glutamate uptake (Sergeeva et al. 2000). In contrast, the
rearrangement of actin cytoskeleton is an important biological response to
several extracellular stimuli, which are frequently mediated by the Rho family of
small GTPases (Hall 2005).

Hydrogen peroxide was able to induce cell body retraction and actin
reorganization (Fig. 7A, B, C). Zhu et al, (Zhu et al. 2005) demonstrated that
H.O, alters cytoskeleton of newborn astrocytes in vitro through activation of p38
MAPK pathway. In this sense, we used a specific inhibitor of p38 MAPK
(SB203580), which suppressed cytoskeleton alterations induced by H,O, (Fig.
B, C). These results showed that adult astrocytes respond to cytoskeletal
rearrangements and signaling pathways. SB203580 per se did not alter actin
cytoskeleton.

To explore whether Rho GTPases was involved in rearrangement of
actin fibers, we induced cytoskeleton reorganization with 50 pM zZn** for 3 h
(Fig. 7D, E, F). It is important to mention that Zn®* can regulate the activity of
glutamate transporters (Duan et al. 1999), besides being associated with
neurodegenerative disorders. The pre-treatment for 0.5 h of LPA, which is a
specific upstream regulator of Rho A, showed that the morphological alterations
induced by Zn* are modulated via Rho A pathway, because it was able to
prevent Zn*-induced actin reorganization. We did not observe cell death in this

concentration (data not shown).

In summary, our results showed that extracellular stimuli may exert
cytotoxic action towards adult astrocytes in vitro via MAPK and Rho A pathway
signaling, indicating an importance of actin cytoskeleton for maintenance of

normal functions of CNS.

The effect of LPS on astrocytes
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Tumor necrosis factor (TNF)-a is a potent pro-inflammatory cytokine,
synthesized, mainly, by microglia and astrocytes (Tanabe et al.). LPS has been
widely used experimentally to stimulate inflammatory responses, including in
the CNS (Guerra et al.). Inflammatory response in the brain is primarily
mediated by microglia, but growing evidence suggests a crucial importance of
astrocytes. In this context, after treatment with LPS, adult astrocytes increased
TNF levels from 3.3 £ 0.2 pg/ml to 13.6 + 0.5 pg/ml, P <0.01 (Fig. 8).

Discussion

Monotypic CNS cells culture have been shown to contribute largely for
the understanding of brain properties and function. Considering the relevance of
astrocytes for CNS maintenance and cellular communication, we established
and characterized in this study a model of astrocytic cells culture from adult
Wistar rats, focusing in the glutamatergic system. We also demonstrated that
astrocytes are sensible to oxidative stress and inflammatory response. This
study is the first to investigate the glutamate metabolism in adult astrocytes in

vitro.

Adult astrocytes divide more slowly than cells from newborn animals; but,
they support cellular division until the confluence. Adult cortical tissue has it
connections already established and more organized than newborn tissue,
which is very plastic and labile to stimuli. We have developed a protocol that
allows the obtention of glial cells, suggesting that they are present de novo and
not derived from precursor cells (Schwartz and Wilson 1992). Differently of
other authors that use newborn animals cultured by 40 or 90 days in vitro as
experimental approach to investigate the modifications in animal brain (Gottfried
et al. 2002; Pertusa et al. 2007), we used adult animals to verify the astrocytic
function. It is important to note the absence of staining for microglia and neuron

proteins, which attested the basal conditions of culture.

Three intermediate filaments of cytoskeleton have been identified in
astrocytes: GFAP, vimentin and nestin. The expression of GFAP and vimentin

is tightly regulated during the development and is associated with the astrocytic
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differentiation (Desclaux et al. 2009; Menet et al. 2001). At adult stages, the
exact physiological roles of the GFAP and vimentin in the astrocytes remain
incompletely understood, but they appear to be involved in the maintenance of
shape, cytoarchitecture of CNS, mechanical stability and synaptic function
(Menet et al. 2001). After CNS injury, the upregulation of both GFAP and
vimentin expression display a major role in reactive astrocytes, contributing to
the glial scar (Desclaux et al. 2009; Rozovsky et al. 1998). It has been,
therefore, suggested that the overproduction of GFAP and vimentin could be
used as a specific target for neuronal repair strategies (Lepekhin et al. 2001).
Moreover, the increase in GFAP expression in astrocytes in vitro has been
demonstrated in aging studies (Gottfried et al. 2002; Pertusa et al. 2007). Our
result showed the presence of GFAP and vimentin (Fig. 2), in agreement to
other studies that demonstrated the coexpression of these proteins in cultured
astrocytes (Menet et al. 2001; Pertusa et al. 2007).

Nestin, another intermediate filament, predominantly expressed in
progenitor cells and reexpressed in reactive astrocytes was detected, mainly,
after 4™ week cultured. As nestin does not organize itself into a cytoplasmic
network and there is coexpression in culture of GFAP and vimentin, those two
proteins could be promoting the polymerization of nestin in adult astrocytes
(Frisen et al. 1995; Marvin et al. 1998). Also, we must consider that nestin is a
protein that can have its expression upregulated in adult cells after certain
stimuli, like, e.g. mechanical trauma (Holmin et al. 1997). The increase in FBS
concentration in culture medium after two weeks could have lead to increase in
nestin expression. The presence of nestin could be related to one of the
limitations in the in vitro studies, because they are performed in controlled
conditions and undergo strong influence of soluble trophic factors, present in

the medium, what could have changed the expression of some proteins

(Wanner).

Other markers of astrocytes were tested, and the expression of GS,
ALDH1L1, S100B and GAPDH was detected. GS is an enzyme expressed only
in astrocytes in the brain and astrocytic glutamine synthesis is essential for
maintaining neuronal glutamate release (Allaman et al. ; Halassa and Haydon ;

Paixao and Klein). Recently, was demonstrated that ALDHI1L1 is a new
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astroglial marker providing useful basis for the molecular analysis of astrocytes
in physiological and pathological conditions (Yang et al.). S100B, another
marker of astrocytes, was found in our cells. Astrocytes represent the brain cell
type with the highest expression of S100B (Brozzi et al. 2009; Van Eldik and
Wainwright 2003). GAPDH was used as a constitutive protein for our

experiments.

In our cell culture model, we observed a spontaneous glutamate uptake,
without the need of astrocyte differentiation with dibutyryl cAMP (Anderson and
Swanson 2000; Duan et al. 1999; Swanson et al. 1997). The levels of glutamate
uptake were low compared to newborn-derived astrocytic culture and our data
are in agreement with several studies in vivo that reported the decrease in
glutamate uptake in the cerebral cortex of aged rats (Bak et al. 2006; Pertusa et
al. 2007; Segovia et al. 2001a; Segovia et al. 2001b). Additionally, patients with
disorders related to aging, such as Alzheimer’s disease, there is a significant
decrease in glutamate uptake (Beckstrom et al. 1999; Ferrarese et al. 2000;
Zoia et al. 2004); thus, the reduction on glutamate uptake seems to be directly
associated to age. Adult astrocytes in vitro show immunocontent of the main

glutamate transporters, GLAST and GLT1, in normal conditions.

In mammalian brain, the GS activity converts glutamate into glutamine
and this is crucial to the glutamatergic recycling. Our findings show a decrease
in GS activity. In adult brain the activity of GS decreases with age, probably
because this enzyme is very sensitive to oxidative stress, which is
characteristically increased in aging. As glutamine is an important source of
glutamate, it also helps to maintain GSH levels (Banerjee et al. 2008). In Wistar
rats the basal levels of GSH decrease with age (Gu et al. ; Rodrigues et al.
2009). Moreover, depletion of GSH in glial cells induces neurotoxicity and
impairment in glutamate transporters, reduction of GSH synthesis and increase
in oxidative stress have been described as the basis of many

neurodegenerative diseases.

Our findings under oxidative conditions suggested that adult astrocytes
were vulnerable to the action of biological oxidants. Supraphysiological H,O,
altered membrane permeability and mitochondrial activity. As expected, in this
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condition we found decreased glutamate uptake and GS activity, two properties
of astrocytic proteins primarily distributed at the membrane. Intracellular GSH
was decreased probably by absence of their substrate and conversion to its
oxidized form (Droge 2002; Halliwell 2001). Moreover, the metabolic
mitochondrial status in adult astrocytes was decreased, as measured by MTT
(mainly indicative of succinate-dehydrogenase activity) (Klamt et al. 2002; Lin et
al. 2007; Pertusa et al. 2007).

In normal conditions, Rho A signaling pathway induces the formation of
stress fibers and focal adhesions (Funchal et al. 2004; Guasch et al. 2003;
Quincozes-Santos et al. 2009). For the first time, we demonstrated that LPA
prevents the effect of excess Zn?* on actin cytoskeleton. Increases in
intracellular Zn?* concentrations can lead to cell injury and Zn** homeostasis
depend of cysteine uptake, and consequently, generation of GSH. p38 MAPK
role in the astroglial response to oxidative stress was also observed in adult
astrocytes cultured (Fig. 6). In this sense, considering our objectives, we must
emphasize that MAPK signaling pathway is strongly associated with glutamate

transporter and oxidative stress after injuries.

Santello et al, (Santello et al.), has recently been demonstrated that TNF-
a critically controls glutamatergic gliotransmission. Furthermore, TNF-a has
other important functions in the CNS, including injury-mediated microglial and
astrocytes activation (Rossi and Volterra 2009; Tanabe et al.). Inflammatory
stimulus induced a response in adult astrocytes. Moreover, oxidative stress also
can induce inflammatory response and TNF-a is essential for production of
other cytokines involved in neuroinflammation, another process associated to

aging (Lee et al.).

In summary, these results obtained from adult astrocytes cultures
suggest the expression of the main astrocytes markers, and activity of
glutamatergic system. These cells represent an important new tool for studies in
vitro and in vivo. In addition, their neuroprotective ability is diminished, a
condition observed also in studies in vivo. The response to oxidative stress and
inflammatory stimulus were also observed and changes in cytoskeleton were

induced in stimulated astrocytes. Thus, the culture model described here exhibit
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biochemical and physiological astrocytes properties and it may be useful for
understanding of mechanisms related to adult and aging brain. Furthermore, the
biochemical properties of astrocytes from Wistar rats submitted to lesions or

experimental models, neurotoxicity and neuroprotection can be also evaluated.
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Table 1

Glial parameter

(Basal conditions) Newborn astrocytes Adult astrocytes
Glutamate uptake 3.2+0.4 0.9 £0.1*
(nmol/mg protein/min)
GS actvity 3.0£05 2.3+0.3*
(umol/mg protein/min
GSH 25.0+3.0 18.0 £ 2.0%*
(nmol/mg protein)

Analysis of the main glial parameters in basal conditions of newborn and adult
astrocytes. Glutamate uptake, GS activity and GSH intracellular content were
measured after cells reached the confluence. Data represent means + S.E. from
6 experimental determinations performed in triplicate. * P < 0.05 and ** P < 0.01
indicate significant differences from newborn astrocytes values.
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Table 2

Cell Viability (% of control)

1h 3h 6h

Treatments
MTT Pl MTT Pl MTT Pl

Basal 100 100 100 100 100 100

SOUM H,O, 947 936 | 86+x6* 919 | 777 79+09*

100 p(M H, O, 91+7 92+8 | 80+8** 82+7* |58+6** 52+ 7*

Effects of H,O, on adult astrocytes cell viability. Extracellular LDH activity and
MTT reduction were measured as described in the Materials and Methods
Section. The medium was removed followed by the addition of DMEM/F12 5%
FBS and cells were maintained at 5%C0O2 / 37°C in the presence or abscence
of H,O, for 3 h. Data represent means * S.E. from 3 experimental
determinations performed in triplicate. * P < 0.05 and ** P < 0.01 indicate
significant differences from control values.
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Legends of figures

Fig. 1. Astrocytes morphology. (A, B) Primary adult astrocytes, under normal
conditions, present polygonal to fusiform and flat morphology, as shown by
phase-contrast microscopy. We did not observe morphological alterations
during culture time. Arrowhead indicates a polygonal cell, arrow indicates
fusiform cell (scale bar 50 um).

Fig. 2. Adult astrocyte cultures present classical astroglial markers. (A)
Astrocytes show intense immunolabeling to GFAP. (B) DAPI staining showed
regular nucleus (round shape). Data from five independent experiments.
Representative immunoblot band of rat cortex homogenate (Rat cortex) used as
positive control and culture samples (Adult astrocyte) (C) GFAP; (D) vimentin;
(E) GAPDH. n=5 for all imunnoblot experiments. Scale bar 50 pm.

Fig. 3. Adult astrocytes cultures present expression of nestin. (A)
Representative immunoblot band at 1% and 2" week and at confluence. (B)
Immunocytochemistry of adult astrocyte cultures at confluence. Representative
data from two independent experiments, n=3 per week, performed in 2 — 3
wells.

Fig. 4. Adult astrocytes cultures present typical astroglial proteins. (A)
Immunocytochemistry of adult astrocyte cultures for GS with merge for DAPI.
Representative immunoblot band for: (B) GS; (C) ALDH1L1 and (D) S100B.
Left band represents cortex homogenate (Rat cortex) used as positive control
and right band represents culture samples (Adult astrocyte), n=5 for all
immunoblot experiments.

Fig. 5. Adult astrocytes cultures express the main glutamate transporters.
Representative immunoblot band for: (A) GLAST; (B) GLT-1. Left band
represents cortex homogenate (Rat cortex) used as positive control and right
band represents culture samples (Adult astrocyte), n=5 for all immunoblot
experiments.

Fig. 6. Adult astrocytes cultures are vulnerable to oxidative stress. Astrocytes
were exposed to 50uM H,0, for 3h. The medium was removed followed by the
addition of DMEM/F12 5% FBS and cells were maintained at 5%CO, / 37°C.
We evaluated (A) Intracellular ROS production. (B) Glutamate uptake. (C) GS
activity. (D) GSH intracellular content. Data represent means + S.E. from 4 — 6
experimental determinations performed in triplicate. * P < 0.05 and ** P < 0.01
indicate significant differences from control values.

Fig. 7. Effects of H202 and Zn2+ on actin reorganization in adult astrocytes
cultures. The medium was removed followed by the addition of DMEM/F12 5%
FBS and cells were maintained at 5%CO, / 37°C in the presence or abscence
of H,O, or Zn** for 3 h. Representative images of cells exposed to (A, D) basal
conditions. (B) 50 uM H,0,. (C) H,0, + SB203580. (E) 50 uM zZn*". (F) Zn** +
LPA. All images are representative fields from at least three experiments carried
out in duplicate. Scale bar 50 ym.
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Fig 8. Adult astrocytes cultures present inflammatory response. The medium
was removed followed by the addition of DMEM/F12 5% FBS and cells were
maintained at 5%CO, / 37°C in the presence or abscence of LPS 10 pg/ml for 1
h. Data represent means = S.E. from 3 experimental determinations performed
in triplicate. ** P < 0.01 indicate significant differences from control value.
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DISCUSSAO

Estudos que utilizam diferentes subtipos celulares do Sistema Nervoso
Central (SNC) na preparacdo de culturas de células vém sendo feitos e
revisados exaustivamente (Hertz et al, 1998). Os estudos geralmente isolam
um subtipo celular, apesar de isso ser, naturalmente, uma condi¢cdo anormal,
visto que, funcionalmente, o SNC depende ndo apenas da interacao entre o
mesmo tipo celular, mas também das conexdes e da comunicagdo entre 0s
diferentes tipos. Estas interacdes sdo tdo complexas e as células estdo tao
interligadas na estrutura cerebral, que é necessario grande cuidado no estudo
das interacdes celulares e das caracteristicas bioquimicas de tipos celulares
individuais.

Entretanto, as culturas monotipicas de células do SNC demonstram
contribuir enormemente para a compreensao de propriedades de cada tipo
celular, sob a exposicdo ou nédo a condi¢cdes adversas, pois elas representam
uma maneira de estudar propriedades bioquimicas e moleculares especificas.

Considerando a relevancia dos astricitos para a manutencdo adequada
do SNC, nos estabelecemos e caracterizamos, neste estudo, um modelo de
cultura de células astrocitarias a partir de ratos Wistar adultos, com foco no
sistema glutamatérgico. N6s demonstramos que, além de apresentar proteinas
especificas que atestam sua funcdo no metabolismo glutamatérgico, a cultura
obtida é sensivel ao estresse oxidativo e capaz de apresentar resposta
inflamatoria. Este estudo foi o primeiro a investigar o metabolismo
glutamatérgico em astrocitos adultos in vitro.

Astrocitos adultos se dividem mais lentamente do que células de animais

recém-nascidos. O tecido cortical adulto tem suas conexdes ja estabelecidas e
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mais organizadas do que o tecido neonato, que apresenta alta plasticidade e é
labil a estimulos, podendo responder de maneira mais versétil e adaptada a
certas situacdes, sendo, portanto, menos fiel & condigdo do cérebro suscetivel
a doencas neurodegenerativas. NOs desenvolvemos, neste estudo, um
protocolo que permite a maxima obtengdo de ceélulas gliais viaveis, sugerindo
que elas estdo presentes de novo e ndo sao derivados de células precursoras
(Schwartz & Wilson, 1992). Diferentemente de outros autores que usam
animais neonatos cultivados por 40 ou 90 dias in vitro como abordagem para
investigar modificacdes no cérebro (Gottfried et al, 2002; Pertusa et al, 2007),
nés usamos animais adultos para verificar as fungdes astrocitarias.

Dentro do contexto das células gliais, um subtipo especifico é
relacionado, especialmente, ao sistema imune cerebral: as células microgliais.
Em condi¢cdes basais, a microglia encontra-se em estado de sentinela ou
vigilante, monitorando o SNC em busca de irregularidades, a fim de manter a
homeostasia neural. Diante de situacBes de lesado, estas células sdo ativadas,
passando por diversos estagios, caracterizando a microglia ativada, responsiva
aos estimulos decorrentes da alteracdo ocorrida. Nessa condi¢cdo, a microglia
passa a secretar mediadores inflamatorios como citocinas e 6xido nitrico (NO).
A ativacdo microglial pode resultar em resposta astrocitica, via secrecao de
mediadores inflamatérios (Adami et al, 2004; Bianchi et al, 2008; Garden &
Moller, 2006; Yokoyama et al, 2004). E importante ressaltar a auséncia de
marcagao imunocitoquimica para uma proteina caracteristica de microglia
ativada, o que atestou as condi¢cfes basais da cultura.

A analise realizada para verificar a presenca de neurdnios demonstrou

baixa ou nenhuma presenca de proteinas especificas para este tipo celular, o
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gue estd em concordancia com estudos que demonstram que 0S neurdnios
requerem substratos e estimulos especificos para sobreviverem ao ambiente in
vitro, 0os quais ndo foram fornecidos no meio utilizado para o crescimento de
astrocitos (Pongrac & Rylett, 1998).

Os astrocitos possuem citoarquitetura especifica para responder a
mudancgas no microambiente e desenvolver adequadamente suas funcgdes
(Belanger et al). Neste contexto, trés filamentos intermediérios do citoesqueleto
foram identificados nos astrocitos cultivados: GFAP, vimentina e nestina. A
expressdo de GFAP e vimentina € finamente regulada durante o
desenvolvimento e é associada a diferenciacdo astrocitaria (Desclaux et al,
2009; Menet et al, 2001). No cérebro adulto, o exato papel fisiologico da GFAP
e da vimentina nos astrocitos permanece néo totalmente compreendido, mas,
aparentemente, estas proteinas estdo envolvidas na manutencdo da forma,
citoarquitetura do SNC, estabilidade mecéanica e fungdo sinaptica (Menet et al,
2001). Apos lesBes no SNC, o aumento na expressao tanto de GFAP quanto
de vimentina desempenha um importante papel na reatividade astrocitéaria,
contribuindo para a “cicatriz glial” (Desclaux et al, 2009; Rozovsky et al, 1998).
Tem sido sugerido, portanto, que a superproducdo de GFAP e de vimentina
poderiam ser usadas como um alvo especifico em estratégias de reparo
neuronal (Lepekhin et al, 2001). Ademais, 0 aumento na expressao de GFAP
em astrécitos in vitro vem sendo demonstrado em estudos de envelhecimento
(Pertusa et al, 2007). Nossos resultados demonstraram a presenca de GFAP e
vimentina, em concordancia com outros estudos que demonstram a
coexpressao dessas proteinas em astrécitos cultivados (Menet et al, 2001;

Pertusa et al, 2007). Apesar de nao termos quantificado a expressdo das
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proteinas, nés sugerimos que a expressdo de GFAP foi superior a observada
para vimentina, visto que para a deteccdo de vimentina foi necessario mais que
0 dobro de anticorpo do que o utilizado para GFAP.

Nestina, outro filamento intermediario, predominantemente expresso em
células progenitoras e reexpressas em astrocitos reativos, foi detectada,
principalmente, apdés a quarta semana de cultivo. Como a nestina ndo se
organiza como uma rede citoplasmética e ha coexpresséo na cultura de GFAP
e vimentina, estas duas proteinas poderiam estar promovendo a polimerizacdo
da nestina em astrocitos adultos (Frisen et al, 1995; Marvin et al, 1998).
Também, devemos considerar que nestina € uma proteina que pode ter sua
expressdo aumentada em células adultas apds certos estimulos, como por
exemplo, trauma mecéanico (Holmin et al, 1997). O aumento na concentracéo
de soro fetal bovino (SFB) no meio de cultura apés duas semanas poderia levar
a um aumento na expressdo de nestina. A presenca de nestina pode ser
relacionada a uma das limitacbes dos estudos in vitro, porque eles sao
desenvolvidos em condi¢des controladas e sofrem fortemente a influéncia de
fatores troficos, presentes no meio de cultura, o que pode ter alterado a
expressao de algumas proteinas (Wanner).

Outros marcadores de astrdcitos foram testados, e a expressao de GS,
ALDH1L1, S100B e GAPDH foram confirmadas. GS é uma enzima expressa
apenas por astrécitos no cérebro e a sintese astrocitaria de glutamina é
essencial para manter a liberacdo de glutamato neuronal (Allaman et al;
Halassa & Haydon; Paixao & Klein). Recentemente foi demonstrado que
ALDH1L1 é um novo marcador astroglial, o que fornece bases para a analise

molecular de astrocitos em condigdes fisiologicas e patologicas (Yang et al).
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S100B, outro marcador astrocitario, foi encontrada nas nossas ceélulas.
Astrécitos representam o tipo celular cerebral que tem a maior expressédo de
S100B (Brozzi et al, 2009; Van Eldik & Wainwright, 2003). GAPDH foi usada
como a proteina constitutiva em nossos experimentos.

Astrécitos adultos também captam glutamato espontaneamente, sem a
necessidade de diferenciagcdo com dibutiril cCAMP (Anderson & Swanson, 2000;
Duan et al, 1999; Swanson et al, 1997). Os niveis de captacdo de glutamato
foram mais baixos quando comparados aos niveis da cultura de astricitos
neonatos e nossos dados estdo de acordo com diversos estudos in vivo que
relataram uma reducdo na captacdo de glutamato no cértex cerebral de ratos
envelhecidos (Bak et al, 2006; Pertusa et al, 2007; Segovia et al, 2001a;
Segovia et al, 2001b). Adicionalmente, em pacientes com doencas
relacionadas ao envelhecimento, tais como Doenca de Alzheimer, ha uma
significativa reducdo na captacdo de glutamato (Beckstrom et al, 1999;
Ferrarese et al, 2000; Zoia et al, 2004); assim, a reducdo na captacdo de
glutamato parece ser diretamente relacionada a idade. Estudos demonstraram
que tanto em estagios iniciais quanto em estagios avancados das doencas
neurodegenerativas ha comprometimento astrocitario, pois ha alteracdo no
metabolismo glutamatérgico astrocitario e reatividade glial, contribuindo para
um quadro de neuroinflamacéo (Van Eldik & Wainwright, 2003; Verkhratsky et
al).

Os astrocitos, no cortex cerebral, captam glutamato através da atividade,
principalmente, dos transportadores GLAST e GLT1, sendo este ultimo o
transportador mais abundantemente distribuido e que realiza a maior parte da

captacdo astrocitica (Anderson & Swanson, 2000; Danbolt, 2001; Tanaka,
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2000). Astrocitos adultos in vitro apresentam imunoconteudo dos principais
transportadores de glutamato, em condigbes normais, 0 que seria uma
evidéncia que a cultura feita a partir de animais adultos mantém-se fiel as
caracteristicas de animais adultos ou envelhecidos, podendo apresentar
respostas mais proximas a realidade, quando submetidas a certos estimulos.
Apesar de o glutamato ser essencial em processos plasticos cerebrais, como
desenvolvimento e envelhecimento (Banerjee et al, 2008; Danbolt, 2001) e em
processos de aprendizado e memoria (Izquierdo et al, 2006; Segovia et al,
2001b), a hiperestimulacdo do sistema glutamatérgico, decorrente de niveis
aumentados de glutamato na fenda sinaptica, é extremamente prejudicial ao
cérebro (Danbolt, 2001). Esta situacdo, chamada excitotoxicidade
glutamatérgica, esta implicada em diversas doencas neurodegenerativas como
Parkinson, Alzheimer, esclerose mdultipla e epilepsia (Eulenburg & Gomeza;
Eulenburg et al; Gardoni & Di Luca, 2006; Pivovarova & Andrews).

No cérebro de mamiferos, a atividade da GS estad relacionada a
conversdo de glutamato a glutamina e isto € crucial para a reciclagem do
glutamato. Nossos achados demonstram uma reducéo na atividade da GS. No
cérebro adulto a atividade da GS diminui com o envelhecimento,
provavelmente porque esta enzima é muito sensivel ao estresse oxidativo, que
é caracteristicamente aumentado no envelhecimento. Como a glutamina € uma
importante fonte de glutamato, ela também ajuda a manter os niveis de GSH
(Banerjee et al, 2008). Em ratos Wistar, os niveis basais de GSH diminuem
com a idade (Gu et al; Rodrigues et al, 2009), o que também pdde ser
observado em nossa cultura de astrocitos adultos. Essas evidéncias acabam

formando um ciclo, pois a deplecdo de GSH em células gliais induz
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neurotoxicidade e mau funcionamento de transportadores de glutamato. Estes
aspectos, reducdo da sintese de GSH e aumento no estresse oxidativo, tém
sido descritos como as bases de muitas doencas neurodegenerativas.

Nossos achados em condigbes oxidativas sugerem que astrécitos
adultos sdo vulneraveis a acdo de oxidantes biolégicos. Niveis suprafisiolégicos
de H,O, alteraram a permeabilidade de membrana e atividade mitocondrial.
Como esperado, nestas condigcbes encontramos reducdo na captacado de
glutamato e na atividade da GS, duas proteinas astrocitarias principalmente
distribuidas na membrana celular. Os niveis de GSH reduziram provavelmente
pela auséncia de substrato e conversdo a forma oxidada (Droge, 2002;
Halliwell, 2001), numa tentativa de conter o alto teor de radicais livres
produzido pelas células apés exposicdo ao H,0,.

Ainda, o status metabdlico mitocondrial em astrocitos adultos foi
reduzido, como medido pelo teste do MTT (indicativo da atividade da succinato
desidrogenase) (Klamt et al, 2002; Lin et al, 2007; Pertusa et al, 2007). Isto foi
possivel observar, pois em 30 minutos, tempo aproximado de reacdo ao MTT
em culturas de neonatos, ndo gerou reacao de cor quando aplicado a cultura
de adultos, indicando que a atividade das desidrogenases é mais lenta em
cultura de astrécitos adultos.

Em condi¢cdes normais, a via de sinalizacdo da Rho A induz a formagéo
de fibras de estresse e adesdes focais (Funchal et al, 2004; Guasch et al, 2003;
Quincozes-Santos et al, 2009). Em nossos experimentos conseguimos mostrar,
pela primeira vez, que o LPA previne os efeitos do excesso de zZn* no
citoesqueleto de actina. Aumentos nas concentracdes intracelulares de zZn*

podem levar a lesdo celular, sendo que a homeostase deste ion,
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intracelularmente, depende da disponibilidade de GSH, a qual é capaz de
tamponar o excesso de Zn* livre nas células porque este fon se liga com alta
afinidade a grupamentos tiois (Maret, 2009). Assim, podemos observar que 0
conteldo de GSH dos astrécitos adultos consegue manter os efeitos do
excesso de Zn?* apenas em alteracdes morfolégicas num primeiro momento,
nao havendo morte celular aparente, como demonstrou o0 experimento de
incorporacao do corante iodeto de propidio.

O papel da p38 MAPK na resposta astroglial ao estresse oxidativo
também foi observada em astrocitos adultos cultivados. Neste sentido,
considerando nossos objetivos, devemos enfatizar que a via de sinalizacao da
MAPK é fortemente associada com transportadores de glutamato e estresse
oxidativo apos insultos. Além da peroxidacéo lipidica, a rede de filamentos do
citoesqueleto € um dos primeiros alvos do estresse oxidativo (Dalle-Donne et
al, 2001; Zhao & Davis, 1998). Alguns estudos vém demonstrando que a
perturbacdo de proteinas de citoesqueleto é um dos passos iniciais para o
dano celular induzido por oxidantes (Zhu et al, 2005) e aqui, demonstramos
que a exposicdo a altos niveis de H,O, induz mudancas na estrutura e
reorganizagdo espacial de filamentos de actina, sendo estes efeitos revertidos
quando esta via de sinalizacéo é bloqueada.

Santello e colaboradores (Santello et al) (2011) recentemente
demonstraram que o TNF-a controla critcamente a gliotransmisséo
glutamatérgica. Esta citocina pro-inflamatoria tem varias funcdes importantes
no SNC, incluindo ativacdo microglial e astrocitaria e plasticidade sinaptica.
Estimulos inflamatérios induzem uma resposta em astrocitos adultos, como

esperado. Ademais, estresse oxidativo também pode induzir resposta
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inflamatéria e TNF-a € essencial para a producdo de outras citocinas
envolvidas na neuroinflamacéo, outro processo associado ao envelhecimento.

Assim, conseguimos estabelecer, com este protocolo, um modelo
adequado para estudo de doencas neurodegenerativas, as quais tém sua base
molecular e bioquimica em trés pilares: estresse oxidativo, neuroinflamacéo e
excitotoxicidade glutamatérgica (Aschner et al, 2007; Bau et al, 2005;
D'Alimonte et al, 2007; Frizzo et al, 2001; Schmidt et al, 2007). Nossos dados
mostram que os astrocitos adultos exibem as respostas esperadas frente aos
estimulos fornecidos, sendo eles um modelo in vitro da populacao astrocitaria
do cérebro adulto, o que permite a realizacdo futura de diversos experimentos
que testem alvos preventivos e/ou terapéuticos em situagcOes
neurodegenerativas in vivo e in vitro.

Em resumo, os resultados obtidos neste estudo sugerem a expressao
dos principais marcadores astrocitérios e atividade do sistema glutamatérgico.
Estas células representam uma importante nova ferramenta para estudos in
vitro e in vivo. Adicionalmente, sua habilidade neuroprotetora esta reduzida,
uma condicdo também observada em estudos in vivo. A resposta ao estresse
oxidativo e ao estimulo inflamatério também foram observadas e mudancas no
citoesqueleto foram observadas em astrocitos submetidos a estimulos. Desta
maneira, o0 modelo de cultura descrito aqui exibe propriedades bioquimicas e
fisiologicas de astrocitos e pode ser Util para a compreensao dos mecanismos
relacionados ao cérebro adulto e envelhecido. Ademais, as propriedades
bioguimicas de astrécitos de animais submetidos previamente a lesbes ou
modelos experimentais, condicbes de neurotoxicidade e neuroprotecdo

também poderao ser avaliados.
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PERSPECTIVAS

Com o desenvolvimento deste protocolo e caracterizagdo da cultura, nos
acreditamos ter estabelecido um importante modelo para o estudo de aspectos
celulares e moleculares de doengcas neurodegenerativas. Assim, como
perspectivas do trabalho, investigaremos as fung¢des astrocitarias relacionadas
as seguintes alteragdes no protocolo: diferenciacdo das células com dibutiril-
AMPc; alteracdes nas concentracdes de soro; ontogenia da cultura.

Também, devido ao foco da pesquisa do grupo, que é a investigacao de
efeitos neuroprotetores e neuromodulatérios de derivados de purinas da
guanina, com especial atencdo ao nucleosideo guanosina (Schmidt et al,
2007), buscaremos investigar os efeitos deste composto frente aos seguintes
insultos in vitro:

- butionina sufoximina, uma toxina inibidora da sintese de GSH (Lee et
al);

- &cido ocadéico, uma neurotoxina inibidora de proteinas fosfatases (Boe
et al, 1991);

- lipopolissacarideo, um componente de parede celular de bactérias
gram-negativas, potente indutor de resposta inflamatéria (Guerra et al).

E, finalizando, como abordagem inovadora, usaremos modelos in vivo
de neurodegeneracédo, a partir da inducdo de deméncia por estreptozotocina
(Pinton, 2011). Sera avaliado o dano cognitivo dos animais e, posteriormente,
elaboraremos a cultura de astrocitos para avaliar aspectos moleculares e
bioquimicos, assim como, neuroprotecdo pela guanosina e outros agentes

neuroprotetores.
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