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.1 RESUMO

As células estreladas hepaticas (HSC) s&o pericitos especificos do figado, sdo células
amazenadoras de gordura e produzem componentes de matriz extracelular. As HSCs ao
serem ativadas, proliferam, perdem as gotas lipidicas e aumentam a secregdo de matriz
extracelular. O controle da modulagéo fenotipica e da proliferacdo das HSCs é de suma
importancia para entendermos a fibrose hepatica. Esta pesquisa foi realizada com a linhagem
celular GRX (representativa das HSCs murinas) obtida a partir de reagdes fibrogranulomatosas
inflamatorias. Estudos anteriores, em nosso laboratdrio, pesquisaram a acdo de diferentes
drogas sobre a modulagdo destas células, tais como: retinol, pentoxiflina, indometacina e
insulina. Tem sido relatado que o resveratrol (34,5 trihidroxiestibeno) (RSV) tem agdo
antioxidante, antiinflamatoria, antiproliferativa bem como tem capacidade de ativar ou inibir a
transcricdo de enzimas envolvidas na regulagdo de varios eventos celulares, por exemplo
metabolismo de lipideos. Por isso, procuramos utilizar o RSV, um polifenol natural presente na
casca das uvas e consequentemente em grande quantidade de vinhos tintos, neste modelo
celular. As células GRX foram cultivadas (12, 24 e 120 h) em meio DMEM com 5% SFB
acrescido ou ndo de RSV (100 nM, 1uM ou 100 uM) e retinol (RHO) (5uM). Nossos estudos
demonstraram que tratamento por 120 h com RSV (100nM e 1uM) inibiu a proliferagdo das
células GRX diminuindo em 35% o nimero de células. Analisando o efeito de 1uM de RSV
sobre o ciclo celular e a apoptose, verificamos que apds 120 h de tratamento houve um
aumento das células na fase S e Sub-G1. Constatou-se condensagao e fragmentagdo nuclear,
sugerindo um possivel efeito pré-apoptdtico do RSV sobre a célula GRX. Observou-se que o
tratamento com RSV (100 nM) por 5 dias n&o induziu a formagZo de gotas lipidicas nas células
GRX. Porém ao acrescentar RSV+RHO, constatou-se que o RSV néo interferiu na sintese e
acumulo de lipidios, provocado pelo RHO (5uM). Propondo que a lipogénese neste modelo de
tratamento possa estar associada com a agéo da sirtuina (deacetilase NAD-dependente) e do
PPARYy (receptores ativados por proliferadores de peroxissomos), determinou-se a expressao
do mRNA destas duas proteinas. Observou-se que o RSV (100 nM) aumenta a expressao do
MRNA da sirtuina 1 (SIRT1) e diminui a expresséo de PPARy. Porém, o tratamento com
RSV+RHO provocou uma reducdo na expressdao da SIRT1, alterando a relacdo
PPARy/SIRT1, promovendo a sintese de lipidios. Nossos dados mostraram que apés 24h de
tratamento, o RSV ndo alterou a incorporacdo de acetato [C™] em triacilgliceridios (TG),
enquanto que, o RHO ou RSV+RHO aumentaram a incorporagdo do marcador nestes
lipidios. O depdsito de TG permaneceu constante, porém a sintese diminuiu com o tempo de
tratamento. Acredita-se que estes compostos atuam por mecanismos moleculares diferentes
modulando o metabolismo de lipidios. Sugerimos, de acordo dados da literatura, que o RHO
atua via receptor nuclear LXR formando um heterodimero com PPARYy, favorecendo a
lipogénese. Por outro lado, o RSV ativa a SIRT1, que reprime o PGC1a. (coativador do
PPARYy). Logo, a inibicdo do PPARy pelo RSV inibe consequentemente a lipogénese.
Concluimos que o resveratrol apresenta um efeito anti-proliferativo, pro-apoptético sem induzir
o fendtipo lipocitico nas células GRX. Desta forma, se mantém em equilibrio, no espago de
Disse, as células mesenquimais quiescentes e ativadas, contribuindo para restabelecer a
homeostase hepatica.



.2 ABSTRACT

The hepatic stellate cells (HSC) are liver-specific pericytes, as well as fat-
storing cells and they are also responsible for the extracellular matrix
components production. When activated, HSCs lose lipid droplets and increase
extracellular matrix secretion. The phenotypical modulation and the HSCs
proliferation control have paramount importance to understand the hepatic
fibrosis. This research has been carried out with the GRX cell line (HSCs
murine  representative) which was  obtained from inflammatory
fibrogranulomatous reactions. Previous studies in our laboratory investigated
the action of different drugs on the modulation of these cells, such as: retinol,
pentoxifilin, indomethacin and insulin. Resveratrol (RSV) has been referred to
as having antioxidant, antiinflammatory and antiproliferative action (3,4,5
trinidroxiestilbeno), as well as the capacity to activate or inhibit the transcription
of enzymes involved in the regulation of several cell events, as, for example,
lipid metabolism Therefore, we used RSV, which is a natural polyphenol found
in the grapes skin and, consequently, in large amounts of red wine, in this cell
model. The GRX cells were cultivated (12, 24 and 120 h) in medium DMEM with
5% SFB added RSV or not (100 nM, 1uM or 100 uM) and retinol (RHO) (5uM).
Our studies demonstrated that a 120 h treatment with RSV (beginning with 100
nM) inhibited GRX cells proliferation, thus decreasing the cell number in 35%.
Assessing the effect of 1uM RSV on the cell cycle and the apoptosis, we found
that, after this treatment period, there was an increase of cells in phases S and
Sub-G1. Nuclear condensation and fragmentation were observed, which
suggested a probable pro-apoptotic RSV effect on the GRX cell. The RSV (100
nM) 120 h treatment did not induce lipid droplets formation in the GRX cells.
However, RSV did not interfere in the synthesis or accumulation of lipids
caused by RHO (5uM), when RSV+RHO were added. Considering that the
lipogenesis in this treatment model might be associated with sirtuin action
(deacetilase NAD-dependent) and PPARy (receptors activated by peroxisome
proliferators), the mRNA expression of these two proteins was determined. RSV
(100 nM) proved to increase sirtuin mMRNA expression 1 (SIRT1) and decrease
PPARy.expression. However, the treatment with the RSV+RHO caused a
reduction in the SIRT1 expression thus alterating the relation PPARY/SIRT1,
which promoted the lypid synthesis. Our data showed that after the 24-hour
treatment RSV did not change acetate incorporation [C'] in triacylglicerides
(TG), whilst RHO or RSV+RHO increased the marker incorporation in these
lipids. The TG deposit remained constant, but the synthesis diminished during
the treatment period. It appears that these compounds act through different
molecular mechanisms when modulating lipids metabolism. According to
literature data, we suggest that RHO acts via LXR nuclear receptor, thus
forming an heterodimer with PPARY, which favors lypogenesis. On the other
hand, RSV activates SIRT1, which inhibits PGC1a (PPARy coactivator).
Therefore, the PPARY inhibition by RSV consequently inhibits lypogenesis. We
concluded that RSV presents pro-apoptotic, anti-proliferative effect, without
inducing lypocytic phenotype in the GRX cells. By this means the mesenquimal
activated quiescent cells keep their balance at the Disse space, thus
contributing with the hepatic homeostasis restoration.



.3 LISTA DE ABREVIATURAS
AGL — Acido Graxo Livre
AH109A — Células de Hepatoma (Ascites)
A431 — Linhagem Celular de Carcinoma Epidermal
AMPK - Proteina Quinase Ativada por AMP
BCL-2 — Proteina Oncogénica Inibidora de Apoptose
CaCo-2 - Linhagem Celular de Carcinoma Epidermal
CDKs — Ciclinas Dependentes de Quinases
CEMC7H2 — Linhagem de Leucemia Linfocitica
C/EBP — Proteina Estimuladora de Ligagcao a CCAAT
C6 — Células de Glioma
ECM — Matriz Extracelular
ERK1/2 — Proteinas Quinases Reguladas por Sinais Extracelulares
Ero1-La — Oxidoredutase de Reticulo Endoplasmatico
FAK — Quinase de Ades&o Focal
Fox01 — Fator de Transcrigdo Associado a Supressao de Tumores
GRX — Célula Estrelada Hepatica - murina
GW647 — Agonista do PPARa
GW501516 — Agonista do PPARS/
HepG2 — Células de Carcinoma Hepatocelular
HSCs — Células Estreladas Hepaticas
HL-60 — Células de Leucemia Promielitica
JB6 — Linhagem Celular de Carcinoma Epidermal
Jurkat — Célula-T Leucémica

INDO - Indometacina



INK4A — Inibidor de CDKs

INS — Insulina

Ku70 — Fator de Transcricao Associado ao Ciclo Celular
LDL — Lipoproteina de Baixa Densidade

LNCap — Linhagem Celular de Cancer de Préstata
L1210 — Células de Leucemia murina

LXR — Receptores X do figado (Liver X receptors)
MAPK — Proteina Quinase Ativada por Mitbgenos
MCF-7 — Linhagem celular de cancer de mama

MIO — Miofibroblasto

MMP — Metaloproteinases

Molt4 — Células de Leucemia Linfoblastica

NF-xB — Fator Nuclear Kappa -B

p53 — Proteina Supressora de Tumores (via regulagao do ciclo celular)
P16 — Proteina envolvida Regulagdo do Ciclo Celular
PGC-1a — Coativador-1 do PPARy

PKC — Proteina Quinase C

PPRE - Elemento Responsivo ao PPAR

PTX — Pentoxifilina

RSV — Resveratrol

RHO — Retinol

RR — Ribonucleotideo Redutase

RXR — Receptor do 9-cis Acido Retindico

o- SMA — alfa-actina de musculo Liso

SIRT1 — Sirtuina - 1
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SREBP - Proteina 1c Ligadora do Elemento Regulado por Esterdis
3T3-L1 — pré-adipdcitos

TG — Triacilgliceridios

TIMP — inibidor de metaloproteinases de matriz tecidual

TZD — Tiazolidinedionas

U937 — Células de Leucemia Monocitica
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1.4 INTRODUCAO

1.4.1. Célula Estrelada Hepatica

A fibrose € a principal fisiopatologia decorrente de uma injuria crénica ao
figado, € um processo comum na insuficiéncia hepatica e é responsavel por
muitas complicagdes clinicas no estagio final das doengas deste 6érgao.
Inicialmente representa um processo passivo, pelo qual, a morte celular leva a
condensagao do estroma preexistente (Hartroft et al., 1951). A fibrose foi
redefinida pela World Health Organization em 1978 como “a presenca de
excesso colageno devido formacdo de novas fibras” (Anthony et al., 1978).
Atualmente, é conhecida como fazendo parte de um processo dinadmico e
continuo de remodelagem de matriz extracelular (ECM) em um quadro de
injuria cronica hepatica, levando a um excessivo acumulo de varias proteinas
extracelulares, proteoglicanas e carboidratos (Wheeler et al., 2001; Bataller e
Brenner, 2005). Embora, o processo ja tenha sido parcialmente elucidado, as
células estreladas hepaticas (HSCs) tem sido responsabilizadas pela
fibrogénese, indepedente de, sua base etiolégica (Wheeler et al., 2001; Bridle
et al., 2003). O entendimento dos mecanismos moleculares fisiopatolégicos
que envolvem estas células é fundamental para o desenvolvimento de terapias
antifibrogénicas (Moreira, 2007).

As HSCs, conhecidas como células de “Ito”, lipociticas ou perisinusoidais
especificas do figado, encontradas em um estado quiescente no espago de
Disse (entre os hepatécitos e os sinusdides) sdo armazenadoras de gordura
(Wake, 1971). Durante a lesao hepatica cronica, as HSCs se diferenciam para

um fendtipo miofibroblastico ativado que se caracteriza por uma acentuada
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proliferacdo e secregdo de componentes de matriz extracelular (Blonhoff e
Wake, 1991; Bissel, 1992) como colageno do tipo I, Il, IV e V, laminina e
elastina, com a predominancia do colageno do tipo | (Battaller e Brenner,
2005). A ativagdo das HSCs é acompanhada pela perda das gotas lipidicas
ricas em vitamina A, por uma reorganizacdo e expressdao de proteinas de
citoesqueleto, como a- actina de musculo liso (a- SMA) e desmina (figura 1)

(Kisseleva e Brenner, 20006).

PROLIFERACAO
CELULA ATIVADA

‘F‘“’"
/ MATERIAL DE
MATRIZ

EXTRACELULAR

MATERIAL DE
MATRIZ EM
DEGRADACAO

PERDA DE GOTAS
LIPIDICAS

FIGURA 1. Célula Estrelada Hepatica em um processo de injuria do figado. Modificado de

Friedman, (2000)

As HSCs participam do reparo e da regeneracdo da homeostase da
matriz extracelular hepatica, desta forma, a capacidade das HSCs de

expressarem um duplo fendtipo € um aspecto intrigante (Blonhoff e Wake,
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1991; Bissel, 1992). Estudos detalhados sobre o fendtipo expresso por células
estreladas quiescentes ou ativadas mostraram que estas representam uma
populagao celular heterogénea, em termos de sua fungcdo e expressao de
proteinas citoesqueléticas (Guma et al., 2001).

Para estudos in vitro a linhagem celular GRX parece ser um modelo
interessante, apresenta caracteristicas morfolégicas e bioquimicas das culturas
primarias do tecido conjuntivo hepatico humano (Monteiro e Borojevic,1987). A
linhagem GRX é representativa das HSCs murinas, foi obtida a partir de
reagcdes fibrogranulomatosas inflamatérias induzidas em figado de
camundongo, apos infecgao por Schistosoma mansoni (Borojevic et al., 1985).
Expressa dois fendtipos, o miofibroblastico e o lipocitico (Borojevic et al., 1985)
semelhante a célula estrelada hepatica in vivo. As células com o fendtipo
miofibroblastico apresentam morfologia estrelada, poligonal ou alongada,
secretam colageno do tipo | e laminina, apresentam extensivos desmossomos
e estdo apoiadas a membrana basal. Em condi¢cbes de cultura padrao, esta
linhagem é altamente proliferativa e apds atingir confluéncia, as células se
sobrepbéem em camadas ndo uniformes formando “vales e montanhas’,
caracteristica de linhagens de musculo liso. Sob determinadas condi¢des

diminuem a proliferagdo e acumulam gotas lipidicas (Borojevic et al., 1985).

Estudos anteriores, em nosso laboratério, pesquisaram a agdo de
diferentes drogas: sobre as células GRX: retinol (RHO), pentoxifilina (PTX),
indometacina (INDO) e insulina (INS). Estas quando tratadas com RHO
diminuiram a proliferagdo e a produgéo de colageno, aumentaram a adesao ao
substrato e a sintese de fibronectina, mostrando uma reorganizagdo do

citoesqueleto com o acumulo progressivo de gotas lipidicas, correspondendo

14



ao fenodtipo quiescente in vivo (Margis e Borojevic, 1989; Borojevic et al., 1990;
Guaragna et al., 1991).

A PTX, potente inibidor da metil-xantina fosdiesterase, testado como
antifibrogénico e antioxidante, diminui a proliferagcdo das células GRX,
entretanto necessita estar associada ao RHO para induzir a transformacéao
para o fenétipo lipocitico (Cardoso et al., 2003). A indometacina, um inibidor da
ciclooxigenase-1, promove a diferenciagcdo do fendtipo miofibroblastico para
lipocitico, quando associada ou ndo a insulina. Esta ultima, a INS, aumenta
muito a proliferagcdo desta linhagem celular, o que impede sua transformacao
em lipocito. Somente a partir de 20 dias de tratamento com INS se tem
depdsito intracelular de triacilgliceridios. Estes resultados sugerem uma estreita
necessidade de diminuicdo de proliferacdo para alteragcbes fenotipicas
(Guaragna et al., 1991; Cardoso et al., 2003).

1.4.2 Resveratrol (RSV)

O composto polifendlico resveratrol (3,5,4’ triidroxi-trans-estilbeno) € um
fitoquimico que ocorre naturalmente e pode ser encontrado em setenta e duas
espécies de plantas. Entre as espécies cultivadas para alimento existem as
videiras (uvas), amendoeiras (amendoim) e varias ervas (cha verde, cha
branco) (Jang et al., 1997). A fungéo fisiolégica exata ndo é conhecida, mas o
RSV pode ter um papel de protecdo a planta contra infecgdes por fungo e
resisténcia as doencgas (Joe et al.,, 2002). Este polifenol é sintetizado pela
enzima RSV sintase, principalmente na casca da uva, a partir de trés moléculas
de malonil-CoA e uma de 4-coumaroil-CoA (King et al., 2006).

Baliga et al., 2005, relatam que a concentragdo de RSV encontra-se em

torno de (1,5-3 mg/L) em vinho tinto e (50-100 pug/g em cascas de uvas secas).
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Nos chas verde e branco (Polygonum cuspidatum) a concentragdo é de
aproximadamente (0,524 mg/g — 1,65 mg/g) provavelmente estas sdo as
principais fontes deste polifenol nas dietas (Baur e Sinclair, 2006). Por outro
lado, os niveis de RSV nos vinhos variam devido a composicdo do solo,
exposi¢cao ao sol, infecgdo por fungos e quanto ao processo de fabricagao e
conservagao dos vinhos (Soleas et al., 1997). O RSV é um estilbeno
encontrado nas isoformas trans-resveratrol, cis-resveratrol e ainda como
resveratrol-glicosideo, mas sua maior atividade bioldgica esta relacionada a
forma trans (figura 2) (Waterhouse, 2002). A biodisponibilidade do RSV, apés
administragao oral, tanto em humanos quanto em animais € bastante baixa. A
metabolizagdo do RSV envolve os processos de glucuronidagéo e sulfatagao
(Walle et al.,, 2004). Alguns estudos com animais sugerem que mesmo as
pequenas doses biodisponiveis sdo suficientes para a sua atividade

quimiopreventiva (Tessitore et al., 2000; Banerjee et al., 2002; Li et al., 2002).

m (Yo oS )

Trans-resveratrol Cis-resveratrol

Figura 2. Estrutura quimica dos isbmeros trans-resveratrol e cis-resveratrol (Signorelli et al.,
2005)

Estudos mostram que o RSV livre nas concentracbées menores que 2uM,
pode ser detectavel no sangue de humanos, apds 1h da ingestdo oral de
alimentos e/ou bebidas e que o figado € um dos maiores sitios de

concentragcao do RSV (Walle et al., 2004; Meng et al., 2004). Os hepatdcitos



apresentam um duplo papel, além de ser o maior sitio de acumulo do RSV, séo
responsaveis pela sua bio-conjugacao e eliminagcao (Notas et al., 2006).

O RSV é absorvido, metabolizado e em torno de 75% € excretado via
fezes e urina (Wenzel et al., 2005). Em particular, no plasma a forma sulfatada
€ menor que a forma glucuronida, experimentos usando sulfotransferases
recombinantes mostraram que esta forma encontra-se predominantemente no
intestino (Walle et al., 2004).

A albumina parece ser um dos transportadores plasmatico do RSV
(Jannin et al., 2004). O transporte de RSV via membrana plasmatica ocorre por
difusdo passiva e facilitada (mediado por carreadores ainda ndo conhecidos)
(Langon et al., 2004).

A acao antioxidante, anti-inflamatdria, antiproliferativa do RSV e sua
habilidade em ativar e inibir a transcricdo e a atividade de enzimas na
regulacdo de varios eventos celulares, associado a carcinogénese, tem sido
alvo de varias pesquisas (Joe et al, 2002).

Estudos mostram que o RSV inibe a agregacao plaquetaria, podendo ser
um dos mecanismos pelo qual o vinho tinto exerce um efeito cardioprotetor
(Soleas et al., 1997; Wang et al., 2002). Um possivel efeito protetor do trans-
resveratrol na oxidagao da lipoproteina de baixa densidade (LDL), resultando
em uma atividade antitrombogénica vascular foi mostrado por Chen et al.,
(2007).

Lu and Serrero, 1999 mostraram que o RSV age como um antagonista
celular de cancer de mama). Bowers et al., (2000) mostrou que além da acgéo

antagonista, o RSV exerce uma agao agonista ao estrogeno em células MCF-7
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dependendo do tipo de receptor e dos elementos responsivos ao estrogeno. O
RSV também esta associado a reorganizagao de citoesqueleto, aumentando a
formacado de filipddios e uma diminuicdo no numero de adesbes focais e
atividade da FAK (quinase de adesao focal), exercendo um efeito inibitério
sobre a migragao celular em cancer de mama (Azios et al., 2005).
1.4.2.1 Resveratrol e proliferacéo celular

As propriedades quimiopreventivas do RSV foram primeiramente,
relatadas por Jang e colaboradores em 1997. Que demonstraram a sua agao
inibitéria nos trés maiores estagios da carcinogénese: iniciagdo, promogao e
progressao celular. O RSV reduziu o desenvolvimento de lesbes pré-
neoplasicas em cultivos in vitro de glandulas mamarias de camundongo e inibiu
a tumorogénese em modelo de cancer de pele de camundongo (Jang et al.,
1997). Varios estudos demonstraram o efeito antiproliferativo do RSV em
células epiteliais de mama humana (Mgbonyebi et al., 1998; Subbaramaiah et
al., 1999; Pozo-Guisado et al., 2002 e Dubuisson et al., 2002), em células de
epiderme de camundongo (JB6) e em linhagem celular de carcinoma epidermal
(CaCo-2 e A431) (Huang et al.,1999 e Ahmad et al., 2001).

O RSV, também reduz a viabilidade celular e capacidade de sintese de
DNA de células de leucemia promielocitica de humanos (HL-60), induzindo
apoptose via BCL-2 (proteina oncogénica, isolada das células-B de linfoma,
inibidora da apoptose, localizada principalmente na membrana externa
mitocondrial, reticulo endoplasmatico e envoltério nuclear) ( Surh et al., 1999).

Em 2000, Kampa e colaboradores mostraram que muitos dos polifendis
presentes no vinho, incluindo o RSV, inibem a proliferagcdo de linhagens

celulares de cancer de préstata em humanos. Em 2002, Narayanan et al.,
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sugeriram que a modulagcao de varias vias de sinalizagdo pelo RSV, estaria
envolvida na inibicdo do crescimento de muitas linhagens celulares de cancer
de préstata LNCaP.

Carbo et al. (1999), demonstraram que o RSV diminuiu
significativamente a proliferacado de células tumorais em ratos Wistar machos,
inoculados com ascites do hepatoma (AH-130 Yoshida) e que esta resposta
pode estar associada a uma parada no ciclo celular na fase G2/M e a inducéao
de apoptose. Outros estudos mostraram que altas concentragées de RSV (100
e 200 uM) inibem a proliferagdo e a invasao de células AH109A. Entretanto,
uma concentragdo intermediaria (50uM) apresentava um menor efeito anti
proliferativo e concentragdes na faixa de 25uM somente suprimiam a invasao
celular. Os autores sugerem que a atividade anti-invasiva do RSV é
independente da atividade antiproliferativa (Kozuki et al., 2001).

Em 2004, Olson e colaboradores, mostraram que o RSV inibe dois
estagios cruciais da ativacdo de fibroblastos cardiacos: proliferacédo e
diferenciagdo, que sao parametros fisioloégicos determinantes da fibrose
cardiaca, diminuindo consideravelmente a producgao total de componentes de
ECM no miocardio.

Em 1998, Kawada e colaboradores mostraram que o RSV é um potente
inibidor da proliferagao das células estreladas hepaticas em cultura. Notas et al.
(2006) e Stervbo et al. (2006) demonstraram em células de carcinoma
hepatocelular (HepG2) que o tratamento com concentragdes variaveis de RSV
(10" - 10°M), produzia um efeito antiproliferativo, que era dose e tempo
dependente. Ja, Kirimlioglu e colaboradores (2008) sugeriram que em ratos

submetidos a hepatectomia, o RSV pode ser responsavel pelo processo de
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regeneragao, exercendo uma acao antiproliferativa e prdéapoptotica sobre os
hepatdcitos.
1.4.2.2 Resveratrol e ciclo celular

O ciclo celular é definido como o intervalo entre duas divisdes mitéticas
sucessivas resultando na produg¢ao de duas células-filhas. O ciclo é dividido em
quatro fases: G1, S, G2 (interfase) e fase M (Mitose), caso a progressao celular
seja interrompida na fase S, a célula permanece no estado de repouso
denominado fase GO. O ciclo celular é controlado pelas ciclinas e pelas
proteinas quinases dependentes de ciclinas (CDKs) (Lu et al., 2005).

As células de leucemia promielocitica (HL-60) tratadas com RSV
apresentaram uma inibicdo do crescimento celular, inducdo de apoptose,
parada do ciclo celular nas fases S-G2 e diferenciacdo mielomonocitica
(Clement et al., 1998; Ragione et al., 1998). Outros pesquisadores sugerem
que o RSV induz a parada no ciclo celular na fase S por redugao na sintese de
DNA (Ragione et al., 1998; Ahmad et al., 2001).

Os efeitos na progressao do ciclo celular podem também ser explicados
pela inibicao direta da atividade da ribonucleotideo redutase (RR) (Fontecave et
al., 1998) e da DNA polimerase (Sun et al., 1998). A RR existe em todas as
células vivas e catalisa o passo limitante na sintese dos deoxiribonucleotideos
necessarios para sintese do DNA. Outros estudos mostraram que o RSV inibe
a RR em células L1210 de leucemia murina (Fontecave et al., 1998). A
ribonucleotideo redutase € um alvo promissor na terapia do cancer e doengas
causadas por protozoarios (Cory 1988; Louie et al., 1999; Melo et al., 2000;

Finch et al., 2000). Em fibroblastos normais e células de fibrosarcoma foi

20



observado que a inibicdo da sintese de DNA foi induzida diretamente pela
interacao especifica do RSV com a DNA polimerase (Stivala et al., 2001).

A linhagem celular de leucemia linfocitica (CEM-C7H2) apresenta uma
deficiéncia funcional de p53 (proteina responsavel pela proliferagao celular) e
de p16 (proteina do ciclo celular de mamiferos, supressora das atividades de
CDKs). Estas células, quando tratadas com RSV sofrem uma parada do ciclo
celular na fase S e entram em apoptose. Quando as mesmas células foram
transfectadas com p16/INK4A o tratamento com RSV levou a uma parada no
ciclo celular em G0/G1 e reduziu significativamente a percentagem de células
apoptéticas (Bernhard et al.,, 2000; Stewart et al.,, 2003; Ghazizadeh et al.,
2005).

Altas concentragdes de RSV induzem um aumento significativo do
numero de células MCF-7 nas fases GO/G1, diminuindo nas demais fases do
ciclo celular (Pozo-Guisado et al., 2004). No entanto, em linhagens de cancer
de prostata, tratadas com diferentes concentracées de RSV, é observado um
aumento moderado do numero de células na fase S (Sgambato, 2001),
sugerindo que, em linhagens de cancer de prostata, o RSV interrompe a
transicao da fase G1/S do ciclo celular.
1.4.2.3 Resveratrol e apoptose

Apoptose é a morte celular geneticamente programada. O processo de
apoptose caracteriza-se por: 1- retracdo e condensacao celular; 2- perda de
adesao intercelular; 3- fragmentagao da cromatina; 4- fragmentagéao celular em
corpos apoptoéticos. As caspases, enzimas da familia de cisteina-aspartato
proteases, sdo fundamentais na iniciagdo e no desenvolvimento deste

processo (Earnshaw et al., 1999).
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Em 2002, Roman e colaboradores, mostraram que o RSV induz
apoptose envolvendo mecanismos dependentes e independentes de caspases
em células-B de leucemia cronica. Em células de glioma (C6), Zhang W e
colaboradores (2006) mostraram que o RSV induz apoptose in vitro, néo
ocorrendo o mesmo em fibroblastos 3T3, indicando a caspase-3 como o
principal mediador neste processo.

Estudos com uma variedade de linhagens celulares de cancer humano,
demonstraram que o RSV é capaz de induzir apoptose dependente de p53 via
ERK1/2 mediada por proteinas supressora de oncogénese (Lin et al., 2008).

Linhagens celulares de cancer humano: MCF7 (carcinoma mamario),
HepG2 (hepatoblasma), U937 (leucemia monocitica), Molt4 (leucemia
linfoblastica) e Jurkat (célula-T leucémica), apresentaram diferentes graus de
indugao de apoptose pelo RSV dependendo da via sinalizagao ativada (Nigro et
al., 2007).

Células de carcinoma hepatocelular (HepG2) tratadas com
concentracdes variaveis de RSV, além do efeito antiproliferativo, sao induzidas
a apoptose (Stervbo et al., 2006).

Muitos trabalhos mostram o efeito do RSV sobre o ciclo celular e
apoptose, por mecanismos que envolvem a modulagao de ciclinas, regulagao
da p16 e p53, rotas mediadas por PKC e dependentes de MAPK (Delmas et al.,

2002; Chen et al., 2004; Shih et al., 2004; Zhang P et al., 2006)

[.4.3 Sirtuina (SIRT1)
A SIRT1 (sirtuina 1) € um gene ortélogo de mamifero, homaologo ao Sir2,
gene regulador do silenciamento da informac&o, encontrado em leveduras. E

uma deacetilase NAD*-dependente agindo como um grande sensor metabdlico



dos niveis de NAD". Modula o metabolismo e a sobrevivéncia celular, desta
forma, esta envolvido na senescéncia e apoptose (Xiuyun Hou et al., 2008). A
superexpressdao da SIRT1 atenua a adipogénese em células 3T3-L1 (pré-
adipdcitos), reprimindo a expressao do PPARy (Picard et al., 2004). Em
hepatécitos, o RSV diminui o acumulo de lipidios, induzidos por alta
concentragcédo de glicose. Este efeito protetor do RSV pode estar associado a
ativacao da SIRT1 e AMPK (proteina quinase ativada por AMP) (Xiuyun Hou et
al., 2008).

Em pré-adipocitos 3T3-L1 a ativacdo da SIRT1 pelo RSV reduz a
secrecdo de adiponectina (proteina secretada pelos adipdcitos, que regula a
homeostasia dos lipidios e da glicose e potencia a agdo da INS a nivel
hepatico) (Qiang et al., 2007). Entretanto, ndo foi observado efeito sobre a
expressdo de adipsina (proteina secretada pelo tecido adiposo com fungéo
imunoldgica). Através da inibicdo genética e farmacoldgica da SIRT1, Xiuyun
Hou e colaboradores (2008) mostraram que os polifendis estimulam a AMPK e

suprimem o acumulo de lipidios pelo menos em parte pela ativagao da SIRT1.

I.4.4 Receptores ativados por proliferadores de peroxissomo (PPARs)

Os PPARs (receptores ativados por proliferadores de peroxissomos) sao
fatores de transcricdo da familia de receptores nucleares, envolvidos com a
modulagdo do metabolismo (Tavares et al., 2007). Os PPARs apresentam trés
isoformas distintas : PPAR o, PPAR 3 e PPAR y. Estes receptores tém sido
alvo de estudos para o tratamento de doengas metabdlicas (Isseman et al.,
1990). Sao identificados inumeros ligantes, tais como: acidos graxos e

derivados de eicosandides e prostaglandinas. As tiazolidinedionas (TZD),
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derivadas do acido linoléico e prostaglandinas, sao ligantes especificos dos
PPARs, promovendo a adipogénese, aumentando a sensibilidade a INS e
diminuindo os acidos graxos livres circulantes (AGL) (Costa e Duarte, 2006).
Picard e colaboradores (2004) demonstraram que o PPARy promove a
adipogénese em pré-adipécitos-3T3-L1 e que este efeito pode ser revertido
apés tratamento com RSV, correlacionando inversamente a expressdo do
PPARy com a da SIRT1. Também foi observado que o RSV apresenta efeito
sobre a expressdo do PPARy e da SIRT1 em células de cancer de colorretal
(Ulrich et al., 2006). Em figado normal, a expressdo do PPARy &€ minima em
hepatdcitos, porém o acumulo de triacilgliceridios nestas células tem sido
associado a um aumento da expressao do PPARy. Isto sugere que o PPARy
desempenha um papel estimulador da lipogénese (Chao et al., 2000).
Estudando o efeito do retinol e da indometacina sobre a modulacdo de
fendtipo da linhagem GRX, nosso grupo de pesquisa observou que estes
compostos estimulam a expressdo dos mRNA dos PPAR y e a e diminuem a
expressdo do mRNA do PPARB. Estes resultados sugerem que o RHO e a
INDO induzem mudancga fenotipica (miofobroblasto para lipdcito) por inibirem
0s genes envolvidos na oxidagdo e dissipagao de energia, assim como
aumentam a expressao dos genes da lipogénese. Desta forma, a modulagéo
do PPARYy, durante o processo de ativacdo das HSCs pode ter um efeito
antifibrotico por induzir a manutengao do fenétipo quiescente (Guimaraes et al.,

2007).
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[.5 OBJETIVOS

[.5.10bjetivo geral
Investigar o efeito do RSV sobre os mecanismos moleculares envolvidos
na proliferagao e diferenciagdo das células estreladas hepaticas (linhagem
GRX).
1.5.2 Objetivos especificos
a) Analisar a acdo de concentragbes crescentes de RSV (1nM a 1uM)
sobre a proliferagao, viabilidade e ciclo celular da linhagem GRX;
b) Avaliar o efeito do RSV sobre a transformacao fenotipica nas células
GRX (miofibroblasto para lipdcito);
c) Avaliar o efeito do RSV sobre a expressdo mRNA de PPARy, PPARa
e SIRT1;

d) Avaliar o efeito do RSV sobre a incorporagéo de acetato em lipidios.
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Abstract Resveratrol (RSV) exerts anti-proliferative and
pro-apoptotic actions in different cell lines. Hepatic stellate
cells (HSCs) are major fibrogenic cell types that contribute

to collagen accumulation during chronic liver disease. In
the present study, the inhibitory effects of RSV on cell
proliferation, cell cycle, and apoptosis were evaluated in
the mouse hepatic stellate cell line GRX. Cells treated with

1 nM-1 IM of RSV demonstrated a decrease in cell
growth of about 35% after 5 days. GRX cells, treated with
RSV (100 nM or 1 IM), were analyzed by flow cytometry:
RSV induced an increase in the number of GRX cells in the

S- and sub-Gl phases. The increase in sub-Gl phase cells
and the nuclear condensation and fragmentation shown by
DAPI staining identified a possible pro-apoptotic effect of
RSV on GRX cells. Furthermore, the RSV anti-prolifera-
tive effects could be explained by an S-phase accumulation
caused by a decrease in the progression through the cell
cycle or an inhibition of S or G2 phase transition. It is
notable that these RSV actions are mediated at nanomolar
levels, compatible with the concentrations of free RSV in
biological fluids after ingestion of polyphenol-rich foods,
suggesting a possible effect of these foods as an adjuvant
treatment in chronical liver diseases.
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Introduction

Liver fibrosis is a dynamic and sophisticated regulated
wound healing response to chronic hepatocellular damage
that represents a major medical problem with significant
morbidity and mortality. This fibrotic process results from
the accumulation of extracellular matrix (ECM) proteins
including collagens, proteoglycans, and glycoproteins [1].
Hepatic stellate cells (HSCs) (previously known as Ito
cells, lipocytes. or fat storing cells) are liver-specific peri-
cytes which were identified as a major source of collagen in
pathologic fibrosis following their activation to miofibro-
blast-like cells [2].

Indeed, much of the knowledge on the cell and molec-
ular biology of liver fibrosis has been gained through
animal models and from in vitro models employing culture
activated HSC isolated from rat, mouse, or human liver.
From these, in vitro models grew a large body of infor-
mation characterizing stellate cell activation, cytokine
signaling, intracellular pathways regulating liver fibrogen-
esis, production of extracellular matrix proteins, and
development of antifibrotic drugs [3].

In this study, we used the GRX cell line, established
from hepatic fibrogranulomatous reactions, which mobi-
lizes adjacent stellate cells. Under standard conditions,
these cells express a transitional myofibroblast phenotype
and present morphological and biochemical aspects of
hepatic connective tissue [4-6]. It has been previously
demonstrated that the GRX cell line can be induced,
in vitro, to express alternative phenotypes. The lipocyte
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phenotype can be induced by retinol, indomethacin, or b-
carotene treatment, with a decrease in proliferation and
collagen production and progressive accumulation of fat
droplets, corresponding to the frequently termed quiescent
fat storing phenotype, in vivo [7-9]. These cells are also
responsive to cytokines. such as TNFa, increasing oxida-
tive stress levels, and ECM production [10-12].
Resveratrol  (3.5.4 ,trihydroxystilbene—RSV) is a
polyphenolic compound found in the skins of red fruits. It
is thought that the presence of RSV in red wine explains. in
part, the "French paradox" and may be responsible for
many of the health benefits ascribed to the consumption of
red wine. Resveratrol has been proposed to exhibit anti-
oxidative, anti-proliferative, and anti-inflammatory prop-
erties [13. 14]. This harmless compound exhibits
chemopreventive activities in multiple animal and in vitro
models with less defined molecular mechanisms [15, 16].
Accumulating data from many cell line studies indicate
that RSV possesses strong anti-proliferative and apoptosis-
inducing properties. S-phase or G1-phase arrest was mainly
observed during RSV-induced apoptosis, but the apoptosis
inducing effects of RSV appeared diverse in different cells.
These conflicting data regarding RSV-induced biological
effects may be due to the specific cell type and cellular
environment [17].
Thepurposeofthepresentinvestigationwastostudytherole
of RSV with respect to the modulation of cell proliferation. cell
cycle, and stimulation of apoptosis in activated HSCs.

Material and methods
Cell culture and treatments

The murine HSC cell line. GRX. was established by
Borojevic [5] and kindly provided by the Cell Bank of Rio
de Janeiro (HUCFF, UFRI, RJ). Cells were routinely
maintained in Dulbecco's Modified Minimum Essential
Medium (DMEM. Invitrogen, Carlsbad, CA, USA) sup-
plemented with 5% fetal bovine serum (FBS. Cultilab,
Campinas, Br) and 2 g/l HEPES buffer, pH 7.4 under 37°C

and 5% CO, conditions. The cells were plated (5 9 10 /
ml) in 12, 24, or 96-well plates and cultured for 24 h to
reach 60-70% of confluence before RSV treatment. Res-
veratrol (Sigma Inc., Saint Louis, MO, USA) was dissolved

in ethanol (Merck, Darmstadt, Germany) to a stock con-
centration of 100 mM and diluted in culture medium to
10, 100 nM, and 1 IM, just
before use. The GRX cells were treated with the above-
mentioned RSV concentrations for 5 days and the treat-

final concentrations of 1.

ment medium was daily changed. Each concentration
group included four wells. The routinely cultured cells
were used as normal controls.
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Cell growth assays
Bromodeoxyuridine incorporation into DNA

Cell proliferation was measured 5 days after RSV treat-

ment by the extent of 5-bromo-2-deoxyuridine (BrdU)
incorporation into DNA. BrdU, a thymidine analog that is
incorporated into proliferating cells mainly during the
S-phase of DNA synthesis is detected by peroxidase-
conjugated mouse monoclonal anti-BrdU antibody, fol-
lowed by the addition of o-phenylenediamine substrate.

The optical density (OD) was measured using a spectro-

photometric microtiter plate reader (Spectra Max 190,
Molecular Devices), at 492 nm wavelength [18].

Tritiated thymidine incorporation assay

GRX cells treated, or not, for 5 days with RSV (at the above

described concentrations) were incubated (24 h, 1 1Ci/ml)
i

with [6- H] thymidine ([3H]dT) (specific activity 23.0
Ci/nmol. Amersham Biosciences. Hillerod. Denmark).
Subsequently. the medium was removed. and 10% of tri-
chloroacetic acid (TCA) was added to each well. The cell
pellet was then dissolved in 200 1l of 0.1 N NaOH. the
incorporated DNA radioactivity was determined by scintil-
lation counting [19]. The protein content was measured
according to Peterson [20].

Cell viability assays
Colorimetric MTT assay

MTT  (3-(4.5-dimethylthiazolyl)-2.5-diphenyl-2H-tetrazo-
livm bromide) (Sigma Inc., Saint Louis, MO, USA) is a
yellow tetrazolium salt that is reduced to a blue formazan.
The MTT assay assesses cell viability by measuring cel-
lular redox environment [21.22]. Pre-confluent GRX cells
were incubated with variable concentrations of RSV for

5 days. Cells were then incubated with | mg/ml MTT for
2 h at 37°C. Blue crystals were dissolved in dimethyl-
sulfoxide (DMSO. Sigma Inc., Saint Louis. MO, USA). OD
was measured using a spectrophotometric microtiter plate
reader (Spectra Max 190, Molecular Devices) at 570 nm
and 630 nm.

Lactate dehydrogenase (LDH) assay

The cytotoxicity of RSV was also evaluated by determina-

tion of LDH activity in the culture medivm. LDH activity
was measured by a colorimetric assay (Kit from Doles,
Brazil). Cells were treated or not with RSV (100 nM-1 IM)
for 5 days. Subsequently, the medium was removed after
centrifugation. LDH in the supernatant of the conditioned
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media was determined as medium LDH. Attached cells were
lysed completely by 1 ml of 5% FBS/DMEM with Triton X-
100 (0.1%). After centrifugation, LDH in the supernatant
was determined as cellular LDH. LDH in DMEM with 5%
FBS was determined as contamination arising from FBS and
subtracted from medium LDH values. Results were shown as
the percentage of total LDH, ie., [medium LDH/(medium
LDH + cellular LDH)] 9 100 [23].

Cell cycle analysis by flow cytometry

Flow cytometry analysis [24] was used to assess the cell
cycle phase distribution and the percentage of fragmented
nuclei. Briefly. after treatment with 100 nM or 1 IM of
RSV for 5 days, cells were harvested by trypsinization and

6

counted. Samples of 1 9 10 cells were fixed in 70%
ethanol at 4°C overnight. After centrifugation, the cell
pellet was washed in ice-cold PBS, resuspended in hypo-
tonic propidium iodide solution (50 lg/ml propidium
iodide. 0.1% sodium citrate, 0.1% Triton X-100, 0.1 mg/ml
RNAse A) and incubated in the dark at room temperature
for 30 min. The DNA content was then analyzed using a
FACScan Calibur flow cytometer equipped with a Modfit
2.0 software (Beckton Dickinson, San Jose, USA). The
number of cells having a subdiploid DNA content was
taken as a measurement of apoptotic cells.

Identification of apoptotic cells after DAPI nuclei
staining

The nuclear morphology of cells was studied using the cell-
permeable DNA dye DAPIL. GRX cells grown on coverslips
were treated with 1 IM RSV for5 days, fixed in4% (v/v)
paraformaldeyde for 30 min. washed in PBS. and perme-
abilized with 0.5% Triton X-100 in PBS 3 times for
10 min. The DAPI nuclear dye was added at 0.1 lg/ml in
0.9% NaCl for 5 min. Coverslips were mounted with
Fluorsave (Calbiochem. San Diego.CA, USA). Cells were
analyzed and photographed with a Nikon inverted micro-
scope using a TE-FM Epi-Fluorescence accessory.
Apoptotic cells were morphologically defined by nuclear
shrinkage and chromatin condensation or fragmentation.

Statistical analysis

Data were expressed as mean * standard error. P\0.05

was considered significant. Statistical comparisons were
performed using ANOVA. For post-hoc testing, the Dun-
can test was used. All analyses were performed with the
SPSS statistical package (SPSS Inc., Chicago, IL, USA).

Results

Resveratrol inhibits cell growth and interferes with cell
viability in GRX cells

The anti-proliferative effects of RSV were assessed by
incubating pre-confluent GRX cells with RSV at indicated
concentrations for 5 days. Proliferation of GRX cells
measured by BrdUrd assay was significantly decreased by
about 35% at all concentrations of RSV. compared to
control (Table 1). This effect was confirmed by a thymi-
dine incorporation assay. where the decrease in GRX cell
proliferation was dose dependent (Table 1).

In addition, the effects of RSV on cell viability were
determined by MTT assay and by measuring LDH activity
in extracellular medium. The results show that, only con-
centrations above 10 IM significantly decreased cell
viability (Data not shown). In view of these results, in
subsequent experiments. we used the concentrations of
100 nM and 1 IM.

Resveratrol induces S-phase cell cycle arrest in GRX
cells

The effect of RSV on cell proliferation could be due to its
actions on cell cycle and the initiation of programmed cell
death. In order to explore this possibility, we treated
exponentially growing GRX cells with RSV and assayed its
effects on cell cycle. The untreated cells showed the
expected pattern for continuously growing cells, whereas
the cells treated with 100 nM or 1 IM RSV for 5 days
showed a 50% increase in the number of GRX cells in
S-phase (Fig. 1).

Table 1 Effect of RSV on GRX cell growth. GRX cells were treated with variable concentrations of RSV for 5 days and the proliferation

measured by BrdUrd or [3H]dT incorporation assay

RSV [IM] Control 0.001
BrdU-DNA (Immunoactivity) 057 £0.020 *

2 a
H Thymidine (cpm/le protein) 16.9 £0.94

041 +0.024
15.1+£0.33

0.01 0.1 1
] 036+0023 ° 0.39+0017 ° 0360011

a b b ND

137 +1.17 120+ 1.01

Results are expressed as the means £ S EM. of three independent experiments. Different letters indicate statistically significant differences

between groups P\ 0.02. ND. not determined



-

80 -
50 o
40
30
204
90 4

% of cells

o4

[m% GOGT m%S 0% G2M |

Fig. 1 Effect of RSV on GRX cell cycle. Exponentially growing
GRX cells were treated with RSV for 5 days at indicated concentra-
tions and their effects on cell cycle were assayed as described in the
"Material and methods” section. Data represent the mean + 5. E.M.

of three independent experiments performed in triplicate. (a), (b), and
(c) significantly different from control GO/G1, 5, and G2 + M,
respectively, P4 0.02

Resveratrol stimulates apoptosis in GRX cells

Cells with DNA content below Gl phase, defined as a
hypodiploid sub-Gl1 peak. were regarded as apoptotic cells.
The results shown in Fig. 2A demonstrate that RSV treat-
ment (100 nM or 1 IM) induced a two-fold increase in the
number of sub-Gl GRX cells. as compared with controls.
The ability of RSV to modulate apoptosis was also studied

by examination of nuclear morphology. After treatment.
cells were stained with DAPI and nuclear morphology
visualized under a fluorescence microscope (Fig. 2B). RSV

(1 IM. 5 days). induced an increase in the number of GRX
nuclei with a condensed and fragmented morphology.
indicating stimulation of apoptosis (Fig. 2B. ¢ and d).

Discussion

Resveratrol (3,54 —H‘ihydroxy—trans—stilbene. RSV) is a
naturally occurring polyphenol synthesized by a variety of
plant species in response to injury, UV irradiation, and
fungal attack [25]. Accumulating evidences indicate that an
inverse relationship exists between RSV and its striking
inhibition of diverse cellular events associated with cell
growth [17. 26. 27]. RSV has now been recognized as a
promising candidate for chemopreventive effects [17].

The major fibrogenic cell type HSC contributes to col-
lagen accumulation during chronic liver disease. Liver
regeneration, driven by hepatocyte proliferation is neces-
sary for tissue repair and survival after acute liver injury
and chronic hepatic disease, such as fibrosis and cirrhosis
[28]. Induction of hepatocyte proliferation depends on
cross-talk between hepatocytes and non parenchymal-liver
cells, such as HSCs [28]. At sites of injury, HSC differ-
entiate to myofibroblasts and secrete ECM and growth
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Fig. 2 Influence of RSV on apoptosis, as analyzed by subdiploid cell

population and nuclear morphology of GRX cells. GRX cells were
treated with RSV at indicated concentrations for 5 days. (A) The
number of cells having a subdiploid DNA content was taken as a
measurement of apoptotic cells, as described in the "Material and
methods" section. Values are expressed as means + S EM. of three
independent experiments performed in triplicate. (a) significantly
different from control, P\0.02. (B) Representative images of four
experimental conditions. DAPI staining was used to visualize nuclear
morphology under the fluorescence microscope after exposure to RSV
at 1IM (b, d) for 5 days, compared to the control cells (a, ¢). The
apoptotic cells demonstrated nuclear fragmentation or partially
condensed nuclei without fragmentation (arrows). Scale bar: 50 Im

factors that support hepatocyte proliferation [29]. Apop-
tosis of activated HSC is a key factor in regression of liver
fibrosis. Activated HSC are more susceptible to apoptosis
and can undergo spontaneous cell death or receptor-medi-
ated death, caused by serum deprivation or cytokine
signaling [30].

Putative anti-fibrogenic drugs mainly include agents
able to reduce inflammation, agents able to reduce HSC
activation, agents with a pro-apoptotic potential for HSC.,
agents with antioxidant effects, and agents able to increase
fibrillar ECM degradation. Numerous studies have attrib-
uted a beneficial role in a number of pathologies to RSV-
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rich foods and beverages. In order to further understand the
biochemical mechanisms of this molecule, a number of
studies have been carried out with very high concentrations

of RSV: In the present study, we used concentrations
compatible with those found in biological fluids after
consumption of RSV-rich foods and beverages. in an
attempt to understand in vitro (with all the limitations of
cell culture systems) the beneficial actions of the agent
found in vivo by using physiologically relevant RSV
concentrations [26].

With the increasing interest in developing antifibrotic
therapies. there is a need for cell lines that preserve the
in vivo phenotype of HSCs to elucidate pathways of
hepatic fibrosis. In this context., the GRX cell line repre-
sents an interesting and efficient study tool [6, 9, 10, 12,
31-35]. In standard culture conditions. GRX cells have a
myofibroblast-like phenotype that resembles activated
HSCs.

The treatment of GRX cells for 5 days with variable
concentrations of RSV resulted in a decrease in cell growth
of about 35%. These findings are in agreement with pre-
vious studies performed in HL-60 [26], HepG2 cells [26].
and C6 glioma [17, 36]. Kawada et al. [19] demonstrated
that RSV dose-dependently suppressed the incorporation of

[j H]thymidine in rat HSC, but the value of median inhib-
itory concentration for RSV was 37 IM. Our results show
that RSV inhibits GRX cell growth at concentrations that
are lower that than those found in the majority of studies
dealing with RSV effects in cells, but compatible with
those reported previously in HepG2 [17]. As discussed
above, we chose to use low doses of the agents that are
compatible with reported concentrations of RSV after
ingestion of polyphenol-rich foods [37].

In vitro studies have shown that RSV reduces cell pro-
liferation and modulates the cell cycle in different cell
lines. Gl-arrest has been observed in human epidermoid
carcinoma A431 cells [38], human leukemia U937 cells
[39], Hep G2 cells [40]. and esophageal adenocarcinoma
Bic 1 [41]. Resveratrol blocked the S-G2 transition in HL-

60 [42] and [17] induced a more than twofold increase in
number of C6 cells in S phase. In agreement with these
findings, S-phase arrest was also seen in human neuro-
blastoma SH-SY5Y and in Neuro-2a neuroblastoma cells
[43, 44]. In rat HSCs, 100 IM of RSV reduced the level of
cyclin D1, a cell cycle-related protein [19]. Since cyclin D1
regulates the activity of cdk4 and cdké. resulting in the
phosphorylation of retinoblastoma gene product Rb pl10
and the successive Gl-to S-phase transition. its reduction
might cause G1 arrest of the cells. In general. the effect of
RSV on cell cycle distribution is concentration-dependent,
where lower RSV concentrations cause accumulation of
the cells in S-phase and higher concentrations cause
accumulation of the cells in the GO/G1 phase or G2 + M

phases [27]. This may indicate that RSV has more than one
target inhibiting cell division. which may be modulated at
different concentrations [45].
The S-phase arrest produced by RSV is often accom-
3

panied by inhibition in [ HI] thymidine incorporation. RSV,

at 20 IM. induced S-phase accumulation in HL-60 with a
30% inhibition of cell growth. In contrast. in HepG2,
40 IM RSV induced a maximal S-phase accumulation

3
without a significant decrease in [ H] thymidine incorpo-
ration. Here, we demonstrate that treatment of GRX cells
with small doses of RSV (100 nM and 1 IM) induced a

35% inhibition in [ H‘] thymidine incorporation and a 50%
increase in S-phase cells. These S-phase arrests indicate
that RSV at 100 nM and 1 IM did not induce a decrease in
cyclin D1 expression like described by Kawada et al. [19]
for rat HSC. Our results could be explained by the
hypothesis proposed by Delmas et al. [16]. in which
S-phase accumulation is suggested to be caused by a
decrease in the progression through the cell cycle or an
inhibition of S or G2 phase transition. Furthermore, our
results are in agreement with observations that RSV
inhibits the production of polyamines by interfering with
ornithine decarboxylase [46]. which in turn catalyses the
rate-limiting step in polyamine production.

In addition to its cell cycle arresting properties.
another essential effect of RSV is its apoptosis-inducing
ability. RSV has been previously shown to trigger
apoptosis in leukemia, mammary. myeloma, epidermoid.
embryonal rhabdomyosarcoma, and glioblastoma cell
lines [38. 47]. The doses required for RSV apoptosis
induction (100-200 IM range) are often higher than
those used to induce growth inhibition and cell cycle
arrest [41]. Interestingly, in GRX cells, small doses of
RSV (100 nM and 1 IM) resulted in twice the number
of sub-Gl cells. An obvious increase in the number of
GRX nuclei with a condensed and fragmented mor-
phology is visualized by DAPI-staining, indicating the
stimulation of apoptosis by RSV.

Taken together, our observations indicate that GRX
cells, when treated with RSV, are induced to enter into the
S phase, but subsequent progression through the S phase is
limited by the inhibitory effect of RSV on DNA synthesis.
Therefore, as suggested by Kuwajerwala [45], this unique
ability of RSV to exert opposing effects on two important
processes in cell cycle progression, induction of S phase,
and inhibition of DNA synthesis, indicate that RSV could
modulate apoptotic and anti-proliferative effects in GRX.
In this context. more studies are necessary to demonstrate
these effects in liver fibrosis.
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ABSTRACT:

BACKGROUND: Hepatic stellate cell (HSC) is a key step in the
development of liver fibrosis. PPARy expression decreased markedly with the
activation of HSC. Sirtuins (SIRT) are highly conserved NAD*-dependent
protein deacetylases; SIRT1 has recently been shown to suppress PPAR _
activity. Resveratrol (RSV) is a polyphenol compound and in mammals it
possesses the ability to activated SIRT1, reducing fat accumulation, increasing
free fatty acid release and inhibiting the adipogenesis. GRX cell line represents
the HSC activated phenotype and could be induced to quiescent phenotype by
retinol. AIMS: The possible involvement of RSV and retinol (RHO) on SIRT1
and PPARs expression was evaluated in this study. METHODS: The quiescent
phenotype differentiation process was visualized by light microscopy after QOil
red O staining. Expression of Sirt1 and PPARy was detected with gRT-PCR.
Lipid synthesis was monitored by acetate incorporation and triacylglicerides
(TG) quantification was used as an index of lipid accumulation. RESULTS: In
our experimental model RSV stimulated SIRT1 mRNA. RSV did not induce the
lipocyte phenotype because the PPARy activity was repressed.
CONCLUSIONS: The impact of the SIRT1 increasing on GRX leads to the
repression of genes involved in PPARy-mediated fat storage and can result in
the maintenance of myofibroblast phenotype. Consequently, we hypothesized
that the ratio between PPARy/SIRT1 mRNA could be considered directly
involved in the homeostasis of liver connective tissue, and may actively
participate in pathogenesis of hepatic fibrosis or cirrhosis.

Key Words: Hepatic stellate cells, GRX cell line, Resveratrol, PPARy, SIRT1,
Lipid accumulation
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INTRODUCTION:

Hepatic fibrosis, a precursor of liver cirrhosis, is a consequence of severe
liver damage occurred in many patients with chronic liver disease and involves
the abnormal accumulation of extracellular matrix (ECM) (1), the discovery of
stellate cell-activation from a quiescent vitamin A-storing cell to a proliferative
myofibroblast remains among the most informative discoveries to understanding
the mechanistic basis of hepatic fibrosis progression and regression (2). HSCs
activation is a highly pleiotropic process and dramatic phenotypic changes
require global reprogramming of HSCs gene expression that, in turn, must be
orchestrated by long-term changes in the expression and/or activity of key
transcription factors of the HSCs genome (3). The authors hypothesized the
importance of the study on the function of transcription factors that are active in
quiescent HSCs, and showed that PPARy expression decreased markedly with
the activation of HSCs. Their study also showed that PPARYy plays an important
role in maintaining the quiescent phenotype. In a previous study we have
demonstrated PPARy mRNA was increased in quiescent like phenotype of GRX
cells, a murine HSC cell line (4).

PPARa, PPARG/B, and PPARy form a subgroup of the nuclear receptor
superfamily and, upon ligand binding, regulate the expression of several genes
mainly involved in lipid metabolism (5). PPARs, which are activated by long-
chain polyunsaturated fatty acids, are also one of the few examples of nutrient-
regulated transcription factors. Hence, it has been suggested that these
receptors play a central role in sensing nutrient levels and in modulating their
metabolism. PPARa promotes fatty acid metabolism by inducing the

expression of genes involved in the transport of fatty acids within the cell and
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the mitochondria, as well as those coding for many enzymes of the (3-oxidation
pathway (6). The functions of PPARGS/B remain largely mysterious. In vitro,
activation of PPAR &/B in adipocytes and skeletal muscle cells promotes fatty
acid oxidation and utilization (7). PPARYy is expressed primarily in adipose
tissue and promotes fat storage by increasing adipocyte differentiation and
transcription of a number of lipogenic proteins (8, 9). It was reported that
PPARYy expression is ten-fold higher in hepatic tissues than in peripheral-blood
mononuclear cells, but the functional activities of PPARYy in the liver remain
largely unknown (3).

Sirtuins are highly conserved NAD*-dependent protein deacetylases (10-
12). SIRT1 also regulates fat metabolism and glucose homeostasis by
interacting with the nuclear receptor PPARy through nuclear receptor
corepressor (N-CoR) to repress adipogenesis (13), modifying the PPARy
coactivator PGC-1a to regulate hepatic glucose homeostasis (14, 15) and
regulating levels of insulin secreted by pancreatic 3 cells (16, 17).

Putative anti-fibrogenic drugs mainly include agents able to reduce
inflammation, agents able to reduce HSC activation, agents with a pro-apoptotic
potential for HSC, agents with antioxidant effects, and agents able to increase
fibrillar ECM degradation. Numerous studies have attributed a beneficial role in
a number of pathologies to resveratrol (RSV; 3,5,4-trihydroxystilbene), a
naturally occurring phytoalexin found in red wines and grape juice, which has
shown to reduce the synthesis of lipids in rat liver (18) and 3T3-L1 adipocytes
(13), inhibit the synthesis of eicosanoids in rat leukocytes (19) interfere in
arachidonate metabolism (20), and inhibit the activity of some protein kinases

(21). RSV decreased proliferation and induced apoptosis and cell cycle arrest

39



in various cell lines. In rat HSCs, 100 uM of RSV reduced the level of cyclin D1,
a cell cycle-related protein (22). Recently, we demonstrated that treatment with
nanomolar concentrations of RSV cell proliferation, induced an S phase arrest
and has pro-apoptotic effects in activated GRX cells (23).

In this study, we demonstrated that the expression of lipocyte phenotype
in GRX cells is dependent of the relation between the PPARy / SIRT1
transcripts and the correlation of this modulation with the lipids metabolism of

GRX cells.

MATERIAL AND METHODS

Cell culture and treatments:

The murine HSC cell line, GRX, was established by Borojevic (24) and kindly
provided by the Cell Bank of Rio de Janeiro (HUCFF, UFRJ, RJ). Cells were
routinely maintained in Dulbecco’s Modified Minimum Essential Medium
(DMEM, Invitrogen, Carlsbad, CA,USA) supplemented with 5% fetal bovine
serum (FBS, Cultilab, Campinas, Br) and 2 g/L HEPES buffer, pH 7.4 under
37°C and 5% CO. conditions. The cells were plated (5 x 10%cells/mL) and
cultured for 24 h to reach 60-70% of confluence before retinol (RHO) and/or
resveratrol (RSV) treatment. In the experimental series, GRX cells were treated
with the 5 yM RHO, 100 nM RSV or with both (RSV+RHO) for 12h, 24h or 120
h, the routinely cultured cells were used as normal controls.

All-trans-retinol (RHO) was dissolved in ethanol (0.1% final concentration) (both
from Sigma Chemical Company, St Louis, MO, USA). The concentration of all-
trans-retinol in the stock solution was determined by ultra-violet absorption at

325 nm, using the molar extinction coefficient (€) of 52.770 cm™'M™", (4, 25).
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Resveratrol (RSV) (Sigma Inc., Saint Louis, MO, USA) was dissolved in ethanol
(Merck, Darmstadt, Germany) to a stock concentration of 100 mM and diluted in
culture medium to final concentrations of 100 nM, just before use. Intracellular

lipid droplets were identified by standard staining with Oil-Red-O (Sigma) (23).

RNA extraction, cDNA synthesis and Real-time PCR

RNA was isolated using the TRIzol Reagent (Invitrogen, Carlsbad, California,
USA). Approximately 2 ug of total RNA were added to each cDNA synthesis
reaction using the SuperScript-ll RT pre-amplification system (Invitrogen).

Reactions were performed at 42°C for 1 h using the primer T23V (5" TTT TTT

[TTTTTTTT TTT TTT TTV). PCR amplification was carried out using specific
primer pairs designed Oligo Calculator version 3.02
(http://basic.nwu.edu/biotools/oligocalc.html) and synthesized by RW-Genes
(RJ, Brazil). The sequences of the primers used are listed in Table 1. Total RNA
and cDNA were generated as described in RT-PCR analysis. Real-time PCRs
were carried out in an Applied-Biosystem 7500 real-time cycler and performed
in quadruplicate. Reaction settings were composed of an initial denaturation
step of 5 min at 94°C, followed by 40 cycles of 10 s at 94°C, 15 s at 60°C, 15 s
at 72°C and 35 s at 60°C for data acquisition; samples were kept for 2 min at
40°C for annealing and then heated from 55 to 99°C with a ramp of 0.1°C/sec to
acquire data to produce the denaturing curve of the amplified products. Real-
time PCRs were carried out in a 20 pl final volume composed of 10 ul of each
reverse transcription sample diluted 50 to 100 times, 2 ul of 10 times PCR
buffer, 1.2 yl of 50 mM MgCl,, 0.4 ul of 5 mM dNTPs, 0.4 pl of 10 yM primer

pairs, 3.95 pl of water, 2.0 yl of SYBRgreen (1:10,000 Molecular Probe), and
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0.05 pl of Platinum Taq DNA polymerase (5 U/ul) (Invitrogen). The primers used
for real time PCRs were the same used in RT-PCR analysis. All results were

analyzed by the 2 A¢T

method (26) . B-actin was used as the internal control
gene for all relative expression calculations (27).

Lipid Synthesis

Lipid synthesis was monitored by acetate incorporation. Cells were
mantained in standard or treatment medium (RSV, RHO, RSV+RHO) for 24 h or
120 h and than incubated with 0.1 uCi/mL [14C] acetate (Amersham) for 16 h.
After incubation, lipids were extracted from the cell layer by method of (28)
Folch et al. (195..). The chloroform phase was dried under nitrogen and
analyzed by TLC on G-60 silica-gel aluminium plates with hexane: ethyl ether:
acetic acid (90:10:1; v/v/v). Radioactive lipids were visualized by exposition of a
radiographic film at -70°C, and their relative content was determined by
densitometric scanning of the X-ray film in a CS 930 Shimadzu UV/vis
densitometer. The standards were stained by Comassie Brilliant Blue R-250

(Sigma) (29).

Quantification of triacylglicerides content

Lipid content was quantified using commercially available assay reagent. In
brief, GRX grown in 24-well plates were treated as described above in Cell
Cultures and Treatments, and on 120 h, cells were assayed for lipid content
according to the manufacturer’s instructions (Triglycerides Liquiform Labtest,
MG, Brasil). The experiments were performed with at least 6 replicates per

treatment and repeated 3 times.
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Protein quantification

The protein sediments obtained after lipid extractions were dissolved in 1.0 N
NaOH and measured as described by Peterson (30) using bovine serum
albumin as standard

Statistical Analysis

Data represent mean + standard error of mean (SEM). Statistical analysis was
performed by ANOVA followed by Duncan post hoc, using the statistical
program, SPSS 10.0 for Windows. The values were considered statistically

different when p<0.05.

RESULTS:

Effect of RSV in the induction of GRX differentiation to lipocyte:

Through Oil red O staining, we could see that GRX cells treated with RHO and
RVS+RHO were filled with fat droplets and acquired characteristics of lipocytes.
In comparison, cells that were treated only with RSV were similar to untreated
cells (Myo) and didn't accumulate fat droplets (Figure 1).

Effect of RSV in the time-spatial expression of PPARy and Sirtl mRNA
during the GRX differentiation to lipocyte:

In parallel with the establishment of lipocyte phenotype retinol produced
an increase in PPARy transcripts (4). Here we demonstrated that RHO
treatment increased PPARy mRNA as soon as 12 h. At 24 h all culture groups
presented an increase in the PPARy mRNA, but in the groups treated with RHO
and RHO+RSV there was a two-fold increase when compared to Myo and RSV
groups. After 5 days (120 h) the expression was not affected by RSV treatment

and decreased significantly in RHO plus RSV-treated cells as compared with
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RHO treated group (figure 2). By Western blot we observed the expression of
the PPARYy protein in all experimental groups (data not shown).

Under all experimental conditions the expression of SIRT1 mRNA
increases gradually with the culture time. Specifically, after 120 h Sirt1 mRNA
expression in the RSV treatment was significantly higher than in the other
groups. At this treatment time, Sirt1 mRNA expression in the RSV+RHO-treated
cells was lower than the other groups (Figure 2). These results indicate that, like
demonstrated by other cells, SIRT1 mRNA expression could be induced by
RSV in GRX cells.

The figure 2b showed the relationship between PPARy and SIRT1 mRNA
expression. After 120 h this relation demonstrated the prevailing of the SIRT1
transcripts upon the PPARYy transcripts in Myo and RSV treated cells. In all
other times and experimental groups the transcription of PPARy was

predominant above SIRT1.

RSV effect on lipogenesis and lipid accumulation

The lipid synthesis was analyzed through incorporation of ['*C] acetate after 24
h and 5 days treatment. The results showed in figure 3-A demonstrated that in
RHO and RSV+RHO-treated cells the incorporation of acetate in triacylglicerol
was increased after 24h and the same rate of incorporation was observed in
RHO group after 120 h treatment (figure 3-B) After 120 h, besides the lower
acetate incorporation in the RSV+RHO group, the triacylglicerol accumulation
was similar to RHO (Figures 3-B and 4). This last result is in accordance with

the results of Oil red O stain presented in figure 1.
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DISCUSSION

PPARs are important for the regulation of lipid and glucose metabolism,
cell proliferation and differentiation, adipogenesis, and inflammatory signaling in
numerous tissues (31). GRX cell represent liver connective myofibroblasts, that
may switch between two phenotypes: myofibroblasts and lipocytes. The
discovery that PPARy expression is down modulated during HSC activation
suggests that its ligands exert antifibrotic effects and highlights a possible
involvement of this transcription factor in liver fibrosis. SIRT1 plays a role in a
wide variety of processes, including stress resistance, metabolism and
differentiation. Resveratrol activate SIRT1, which reduce fat accumulation,
increasing free fatty acid release and inhibiting the adipogenesis. The possible
involvement of RSV and RHO on SIRT1 and PPARs expression was evaluated
in this study.

GRX cells cultivated in standard culture medium or treated with RSV by
120 h presented myofibroblast phenotype (Figure 1). At this time SIRT1 mRNA
expression was increased related to PPARy. After this time, RSV down
regulated PPARYy, that returning to basal levels (Figure 2a). The ‘de novo’
synthesis of TG represents only 10 % of total acetate incorporation and the cells
do not accumulate lipids (Figures 1 e 3a). When the cells where treated RHO or
RSV+RHO for 120 h the mRNA-PPARy was increased significantly. The ratio
PPARY/SIRT1 was increased when the cells where treated only with RHO or
associated with RSV (Figure 2b). RHO is the responsible for lipogenesis
because it increased significantly the incorporation of acetate radioactive in TG
(figure 3). After 120 h, the cells treated with combinated drugs did not stimulate

the ‘de novo' synthesis of TG, however the lipids depots was increased and the
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phenotype was changed. We believe that the PPARy mRNA transcription
stimulation at 24 h of RSV+RHO treatment (Figure 2a) was responsible for the
phenotype switch and lipid accumulation as showed in Figures 1, 3 and 4.

The PPARa mRNA expression was not modulated by RHO or by RSV in
GRX cells (date not shown). This was already observed by Guimaraes (4) that
related modulation of this nuclear receptor only by indomethacin and not by
RHO. These results are indicative, that in GRX cells treated with RHO or
RSV+RHO the lipid homeostasis was not dependent of PPARa action.

After 24 h the treatment with RHO and RSV+RHO induced an
overexpression of PPARYy transcription. At this time, the lipogenesis was
intensified; the synthesis of lipids was increased and approximately 50% of
acetate was incorporated in TG (Figure 3a). Furthermore, the ratio
PPARy/SIRT1 mRNA was maximal after 24 h and returned to the basal
expression after 120 h treatment (Figure 2b), when lipocytes have already
constituted the lipid droplets (Figure 1). These results are in accordance with
Vicente (32), who showed that several enzymes of lipid metabolism are
upregulated in early stages of GRX cells lipocyte induction. The ratio
PPARY/SIRT1 mRNA expression was definitively important for lipocyte induction
in our model.

Ours results demonstrated that resveratrol did not activate PPARy mRNA
expression and the lipogenesis in GRX cells (Figure 1 and Figure 3). These
results corroborate with others authors, who showed that RSV did not promote
the differentiation of pre-adipocytes into adipocytes (33). We hypothesized that
RSV bound to SIRT1 and controlled transcriptional co-regulators such as

PGC1a or by directly interacting with transcription factors modulating PPARYy.
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Then, the impact of the SIRT1 increasing on GRX leads to the repression of
genes involved in PPARy-mediated fat storage and can consequently result in
the maintenance of myofibroblast phenotype.

Consequently, the ratio between PPARy/SIRT1 mRNA could be
considered directly involved in the homeostasis of liver connective tissue, and
may actively participate in pathogenesis of hepatic fibrosis or cirrhosis. The
controls involved in the switch between lipocyte and myofibroblast phenotypes,
occurring either under normal or pathologic conditions. These results suggest
that PPARy is possibly a key regulator in the early stages of lipocyte
differentiation. Soon, drugs that modulate PPARy can control the HSC
phenotypic transformation.

Recently studies have shown that PPARy heterodimerizes with the
retinoid-X receptor (RXR) and binds to DNA at the peroxisome proliferator-
response element (PPRE) activating transcription of enzymes that controlling
the capacity to storage lipids in the adipocytes (34) and hepatocytes (35).
PPARy-RXR can be activated by ligands specific for either receptor, the
presence of both ligands can result in a cooperative effect on the transactivation
of target genes. The results suggest that the cooperative effects of PPARy and
RXR-specific ligands may occur at the level of selective coactivator recruitment
(36). Endogenous PPARYy ligands such as fatty acids or their metabolites and
RXR ligands such as 9-cis-retinoic acid naturally exist in cells. Thus these
naturally occurring ligands would lead to a basal activity often observed for
PPARy without the addition of exogenous ligand (36). It could explain the level

of mMRNA PPARy expression in GRX cell in early stages of culture. But when
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the GRX cells were treated with ROH-RXR ligand, it potentiated the effect of
these endogenous PPAR ligands.

These results should open a new paradigm of a novel cross-talk of
nutritional transcription factors in energy metabolism where the nuclear
concentrations of each receptors and ligands are crucial for nutritional
regulation of metabolism lipid.

PPARy is now shown to serve as a key transcription factor for HSC
quiescence as it is considered as master regulated for adipogenesis. If HSC is
similar to adipocytes, HSC quiescence should be facilitated by a group of
adipogenic transcription factors besides PPARY.

Sirtuins, a family of proteins, interact with PGC-1a, a coactivator that
regulates cellular metabolism. SIRT1 regulates the activity of a variety of
transcription factors and transcriptional co-regulators such as PPARy. SIRT1
binds to PGC-1a, and inactivates PPARYy. This leads to the repression of genes
involved in PPARy-mediated fat storage and consequently results in
mobilization of free fatty acid.

SIRT1 exerts at least some of its effects in vivo by modulating positively
LXRs (37). SIRT1 deacetylates LXR and promote cholesterol efflux and lipid
homeostasis in cells (37). In our cellular model, SIRT1 mRNA expression
increases after treatment with RSV, but decreases in the presence of RHO. Our
findings raise a possibility that SIRT1 may have a role in modulating
transcription factors, such as PPARy and LXR.

A role for the selective recruitment of coactivator either co-repressor
complexes by specifics ligands must be considered to reverse the

morphological and biochemical characteristics of activated HSC.
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In conclusion, in our model RSV stimulated SIRT1 mRNA after 120 h of
treatment. RSV did not induce the lipocyte phenotype because the PPARy
activity was repressed. Moreover, when associated with RHO, a RXR ligand,
RSV did not block the action of RHO because RSV could modulate LXR that
forms a heterodimer with RXR. Consequently the LXR-RXR-PPARYy recruited
nuclear receptor coactivators, modulating lipogenesis (fat storage) in HSC and

lipids homeostasis.
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FIGURE LEGENDS:

Figure 1: Phase contrast images of GRX cells. Myo: GRX in standard culture
medium; RSV: GRX after 120 h treatment with RVS 100 nM; RHO: GRX after
120 h treatment with RHO 5uM; RSV+RHO: GRX after 120 h treatment with
RHO 5uM plus RVS 100 nM. N = nucleus; LD = lipid droplet stained with Qil
Red O.

Figure 2: Relative mRNA expression of peroxisome proliferator-activated
receptor gamma (PPARYy) or sirtuin 1 (SIRT1). (a) GRX-hepatic stellate cell cells
were left untreated, maintaining the myofibroblast phenotype (Myo), or treated
with 100nM resveratrol (RSV), or 5uM retinol (RHO), or 5uM retinol plus 100nM
resveratrol (RSV+RHQO) for 12 , 24 or 120 hours and the relative transcript
levels were measured by real-time polymerase chain reaction. (b) represents
the PPARY/Sirt1 expression ratio. Data represent means + SEM, means without
a common letter (PPARY) or capital letters (SIRT1) are statistically different, p <
0.05. ANOVA/ SNK post hoc.

Figure 3: [“C] Acetate incorporation into phospholipids (PL) and
triacylglycerols (TG). GRX-hepatic stellate cell cells were left untreated,
maintaining the myofibroblast phenotype (Myo), or treated with 100nM
resveratrol (RSV), or 5uM retinol (RHO), or 5uM retinol plus 100nM resveratrol
(RSV+RHO) for (A) 24 h or (B) 120 h. They were incubated for subsequent 16
h with radiolabeled acetate, lipids were extracted, and analyzed as described
Material and Methods. Results are expressed as percentage (%) of total
radioactivity incorporated and correspond to densitometric analysis of TLC-
autoradiographic film of two experiments done in triplicate. Means without a
common letter (PL) or symbol (TG) are statistically different, P<0.05.
ANOVA/SNK post hoc.

Figure 4: Accumulation of triacylglicerol in GRX lipid droplets. Cells were
treated as described Material and Methods for 120 h. Lipid content was
quantified using commercially available assay reagent (Triglycerides Liquiform
Labtest, MG, Brasil).The triacylglicerol content was detertermined Results are
expressed as mg TG/ mg protein. Means without a common letter are
statistically different, P<0.05. ANOVA/SNK post hoc.
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Table 1: Primers used for real time PCR

forward primer

reverse primer

PPARy

5'-TGGAATTAGATGACAGTGACTTGG

5'-CTCTGTGACGATCTGCCTGAG

SIRT1

5'-GGCTTGAGGGTAATCAATACCTG

5-AAACTTGGACTCTGGCATGTG

B-actin

5-TATGCCAACACAGTGCTGTCTGG

5-TACTCCTGCTTGCTGATCCACAT
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CAPITULO Il

RESULTADOS COMPLEMENTARES
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Efeito do resveratrol, retinol e resveratrol associado ao retinol

sobre a organizacao do citoesqueleto de actina nas células GRX.

Introducéo

Estudos detalhados sobre o fendtipo expresso por células estreladas
hepaticas quiescentes ou ativadas mostraram que estas representam uma
populagao celular heterogénea, em termos de sua fungcdo e expressao de
proteinas citoesqueléticas (Guma et al, 2001). A origem deste tipo celular é
considerada miogénica devido a expressao de actina de musculo liso (a-SMA)
(Pinzani, 1999). Os receptores de adeséao de integrinas estabelecem conexao
entre a matriz extracelular e a fibra citoesquelética da actina, emitindo
movimentos e sinais bioquimicos através da membrana plasmatica
(Calderwood et al, 2000).

O presente estudo tem por objetivo mostrar o efeito do RSV, RHO e
RSV+RHO sobre a organizagao do citoesqueleto de actina na linhagem celular
GRX. Observamos que o tratamento com RSV provocou alteracbes no
citoesqueleto de actina sem que ocorra a diferenciagcdo diferenciacao
fenotipica.

Materiais e Métodos

Cultura celular

As células GRX foram obtidas do banco de células do Rio de Janeiro
(Universidade Federal do Rio de Janeiro). As células foram mantidas em meio
Dulbecco’s (DMEM, Sigma Chemical Company, St. Louis, MO, USA)
suplementado com 5% soro fetal bovino (FBS) (Cultilab, Campinas, SP) e

tampao 2 g/L HEPES, pH 7.4, sob uma atmosfera contendo 5% CO2.
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Tratamento Celular

As células foram plaqueadas sobre laminulas em placas de 24 pogos (5
x 10* células/poco). Apds, 24h as culturas foram tratadas por 120 h com meio
suplementado com RSV (100 nM); RHO(5uM) ou RSV+RHO, nas mesmas
doses,

Imunocitoquimica das células GRX

ApoOs o tratamento as células foram fixadas em 4% de paraformaldeido
tamponado por 30 min, permeabilizadas com 0,5% Triton X-100 em PBS, 3
vezes por 10 min. Incubadas com PBS contendo 3% albumina bovina (BSA)
por 1 h a 37°C para bloquear os sitios ndo especificos. Apds as laminulas
foram incubadas com rodamina/faloidina (3.3 mM, 1:100 diluigdo em PBS) por ,
20 min). As laminulas foram montadas em Fluorsave. As imagens foram
adquiridas em microscopio confocal (Carl Zeiss LSM5 Pascal laser scanning
confocal microscope) com argon/helium/neon laser e em objetiva de 63x (1.4)

com oleo de imersao.

Resultado e Concluséao

O RSV induz a fragmentacgéo das fibras de actina (Figura 1). Na mesma
figura pode-se observar que nos lipocitos induzidos por RHO + RSV a
presenca de fragmentos difusos ou granulares de actina na zona perinuclear e
em torno das gotas lipidicas como acontece no tratamento apenas com RHO

(Mermelstein et al. ,2001).
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No fendtipo lipocitico as extensdes citoplasmaticas sao reduzidas e
essa condigao corresponde, sobretudo, a mudanga na organizagcédo do

citoesqueleto (Guma et al., 2001).

RHO RSV+RHO

Figura 1. Efeito do resveratrol (RSV), retinol (RHO) e RSV associado ao RHO sobre a
organizagao do citoesqueleto de actina nas células GRX evidenciado pela marcacéo
com rodamina-faloidina. As células foram tratadas com 100nM RSV, RHO 5uM e
RSV+RHO nas mesmas concentragdes. Myo = miofibroblasto
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1.1 DISCUSSAO

O resveratrol (RSV) é uma fitoalexina com potente agado terapéutica.
Nestes ultimos anos o interesse por este composto tem aumentado e muitos
estudos tém mostrado o efeito protetor do RSV em diferentes patologias (Baur
e Sinclair, 2006).

O figado tem sido alvo de muitas pesquisas que evidenciam o efeito
protetor do RSV, pois os hepatdcitos sdo os maiores sitios de bioacumulagao,
de bioconjugacado e de eliminagdo deste composto. Portanto, é interessante
elucidar seus efeitos na biologia da célula hepatica (Notas et al., 2006).
Estudos em culturas celulares indicam que o RSV pode modular varias vias
metabdlicas envolvendo crescimento celular, apoptose e inflamagao (Athar et
al., 2007).

Estudos epidemioldgicos tém atribuido aos alimentos e bebidas ricas em
RSV um papel benéfico em numerosas patologias. Muitas pesquisas sao
direcionadas para o cancer hepatocelular, e apesar das limitagcdes do cultivo
celular, estudos com células HepG2 tratadas com RSV em concentragdes
compativeis com as encontradas nos alimentos e bebidas, tentam reproduzir in
vitro a agao benéfica do RSV (Notas et al., 2006).

Em mamiferos o RSV tem sido associado a ativagao de genes como o
da sirtuinal (SIRT1) levando a uma mobilizagdo de acidos graxos em tecido
adiposo branco através da repressdo do gene do PPARYy (Picard et al., 2004).
Nos hepatécitos o RSV previne o acumulo de gotas lipidicas (Baur e Sinclair,
2006). Em adipdcitos 3T3-L1, esta envolvido com a ativagao da lipolise e com a

indugdo da apoptose. Muitos autores tém sugerido que o resveratrol modula
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processos metabdlicos através do bloqueio da adipogénese. (Rayalam et al.,
2007; Yang et a |, 2008).

A regeneracéo tecidual desencadeada pela proliferacao dos hepatécitos
€ necessaria para o reparo e sobrevivéncia do tecido hepatico apés uma injuria
aguda, transplante ou em doencgas cronicas, como cirrose e fibrose (Taub R.,
2004). O estimulo para a proliferagdo dos hepatécitos depende da interagéo
destes com outros tipos celulares hepaticos, onde se incluem as células
estreladas hepaticas (HSCs) (Taub R., 2004). Alvo das injurias, as HSCs
diferenciam-se para miofibroblastos, secretam matriz extracelular (ECM) e
fatores de crescimento que induzem a proliferagédo dos hepatécitos (Balabaud
et al., 2004). Embora, a diferenciagdo das HSCs seja considerada um processo
fundamental para a indugdo da regeneragdo hepatica, os mecanismos
moleculares que regulam a transicdo para o reparo e suporte das células no
figado ainda sao pouco entendidos (Passino et al., 2007).

O nosso grupo de pesquisa tem estudado os mecanismos que levam a
transformacgao fenotipica da célula GRX representativa das HSCs murinas que
apresenta fendtipo miofibroblastoide, podendo ser induzida a expressar o
fenodtipo lipocitico semelhante as HSCs em estado quiescente. Considerando
as agdes do RSV descritas em outras linhagens celulares (Notas et al., 2006),
este trabalho teve como objetivo analisar os efeitos deste composto sobre a
linhagem GRX, visando estudar efeitos hepatoprotetores para esta fitoalexina.

Utilizando tratamentos de 1nM a 1uM, doses similares as que sao
biodisponibilizadas apdés a metabolizagdo de alimentos no sistema

gastrointestinal, mostramos que o RSV apresentou efeito inibitério sobre a
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proliferacdo das células GRX, induziu um aumento no numero de células na
fase S do ciclo celular e um efeito pré-apoptético (Capitulo 1).

Observamos uma diminuigdo no crescimento celular em cerca de 35%, o
que estd em concordancia com o descrito em linhagens hepaticas como
HepG2 (Notas et al., 2006). Esses e outros autores mostraram que o efeito do
RSV sobre a proliferacao celular € devido a sua acido sobre o ciclo celular.
Stervbo e colaboradores (2006) mostraram que a agdo do RSV sobre a
proliferacdo e o ciclo celular depende do tempo de tratamento e das
concentracdes usadas.

Como nas células GRX, Ragione e colaboradores (1998) também
mostraram em células HL-60, que o RSV causa uma parada do ciclo celular na
fase S. Os autores sugerem que esse efeito decorre de uma diminuigdo na
sintese de DNA devido a inibicdo da ribonucleotideo redutase e da DNA
polimerase.

Outro aspecto interessante a ser considerado é a acdo do RSV em
induzir a apoptose (Joe et al., 2002; Garvin et al., 2006; Zhang W et al., 2006 e
Kern et al., 2007). Nossos resultados mostraram um maior percentual de
células em apoptose quando tratadas por 120 h com RSV com 100 nM e 1 uM
de RSV .

As células estreladas hepaticas séo pericitos especificos que contribuem
para a angiogénese durante o desenvolvimento, regeneragao e injuria hepatica.
Dados na literatura mostram que a apoptose e/ou a reversdo das células
ativadas para o fendtipo quiescente podem ser alvo da terapia antifibrogénica
(Friedman, 2008). Malhi e Gores (2008) sugerem que a modulagao diferencial

da apoptose nos hepatdcitos e nas HSCs poderia resultar em beneficios
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terapéuticos para a injuria hepatica. Assim, tratamentos que reduzem a
apoptose dos hepatdcitos diminuiriam a inflamacdo enquanto a apoptose nas
HSCs resultaria em redugéo da fibrogénese.

Alguns pesquisadores consideram a apoptose um potencial fator para as
células estreladas hepaticas ativadas. Estas células sao mais suscetiveis a
este processo e sofrem morte celular espontinea, pela ativacdo de um
receptor mediador de morte ou ainda morrem por privagao de soro in vitro ou
por sinalizagéo de citoquinas (Battaler et al., 2005).

A senescéncia das células estreladas hepaticas pode ser um importante
processo para diminuigao da proliferagao e favorecimento da regeneracéo das
células parenquimais hepaticas. O aumento da atividade colagenolitica,
através das metaloproteinases (MMP), é o principal mecanismo envolvido na
resolucao da fibrose (Battaler et al., 2005). Estas enzimas sao secretadas por
muitos tipos celulares e requerem modificacdo pods-translacional para se
tornarem ativas. Uma vez ativadas elas podem ser inibidas por seus inibidores
naturais como: TIMP (inibidor de MMP de matriz tecidual). As MMP de matriz,
especificamente as colagenases intersticiais (MMP-1, 9 e 13) sédo as
responsaveis pela clivagem do colageno tipo1, mantendo a arquitetura
hepatica normal. Por outro lado, 0 aumento da expressao de TIMP-1 resulta na
inibicdo das MMP, favorecendo a progressao da fibrose. Portanto, a apoptose
das HSCs elimina ndo somente a maior fonte de produgdo de colageno, mas
também a maior fonte de producdo de TIMP-1, levando ao aumento da
atividade das MMP, colagenases intersticiais, e a subsequente degradacgao de
ECM (Iridale et al., 2001). A reversao da fibrose hepatica também pode estar

associada a interleucina 10 (IL10) que é estimulada durante a ativacéo das
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células estreladas gerando uma sinalizagdo autdcrina de feedback negativo
limitando a migragao das células para o reparo tecidual (Wang et al., 1998;
Thompson et al., 1998). Desta forma, citoquinas soluveis podem reprimir a
ativacdo das HSCs por induzirem a reconstituicdio da ECM subendotelial.
Sabe-se também, que quando HSCs sao cultivadas sobre componentes de
membrana basal (substrato matrigel) permanecem quiescentes (Olaso et al.,
2001).

Nas células GRX, o RSV, nas doses e tempos testados neste trabalho,
ndao desencadeou a formacdo de gotas lipidicas, portanto n&o induziu a
diferenciacao para o fenotipo lipocitico. Entretanto, quando adicionado ao meio
de cultura junto com agentes que sabidamente induzem o fendétipo lipocitico,
como o retinol (RHO) (Capitulo Il) e a indometacina (INDO) (dados néo
mostrados), ndo impediu a diferenciagao celular, como mostrado na figura 3
(Capitulo 11).

Com o intuito de entender o processo de diferenciacdo das células GRX
miofibroblasticas para lipdcito, (Guimaraes et al. 2007) analisaram a expressao
do mRNA de fatores de transcricédo, tais como: PPARa, PPARGS/B e PPARYy.
Estes fatores estdo ligados a diferenciagdo de pré-adipdcitos em adipdcitos
descritos recentemente por (Joosen et al. 2008). Em condi¢cbes basais de
cultura, quando apresentam fendtipo de miofibroblasto, as células GRX
expressam os fatores de transcricado PPARa, PPARG/B e PPARy. Trabalhos
anteriores mostram que apés a indugao da diferenciacao lipocitica das células
GRX com a INDO ou com RHO houve um aumento nos niveis do mRNA do

PPARy , enquanto os de PPARGS/B diminuiram. Ja o tratamento com INDO

levou, também, a um aumento na expressdo do mRNA do PPAR-a (Guimaraes
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et al., 2007). Além disso, estas drogas modulam a expressao de outros genes
adipogénicos, como: LXRa, C/EBPa e SREBP1 na linhagem GRX (Guimaraes
et al., 2007).

Os PPARs sao importantes na regulacdo do metabolismo dos lipidios e
da glicose, na proliferagéo e diferenciagao celular, na adipogénese e em varios
tecidos sinalizam processos inflamatorios (Kersten et al., 2000). Sua agao
depende da formacao de heterodimeros com o receptor do acido 9-cis retindico
(RXR) (Werman et al., 1997).

Varios estudos mostram que o agonista do PPARa, o0 GW647 aumenta a
oxidagao de acidos graxos e induz a expressao do mRNA de genes envolvidos
na captagao de acidos graxos e -oxidagao (Muoio et al., 2002; Granlund et al.,
2005). In vitro, a ativagdo do PPARGS/B promove a oxidagdo e utilizagdo de
acidos graxos em adipocitos e células musculares esqueléticas (Reddy e
Hashimoto, 2001). O agonista do PPARGS/B, o0 GW501516 atenua o aumento de
tecido adiposo, por ativar os genes que promovem o catabolismo de lipidios e
desacoplamento mitocondrial em musculo esquelético de camundongos
submetidos a dieta rica em lipidios (Cho et al., 2008). O PPARy promove a
diferenciagdo para adipécito por induzir armazenamento de lipidios e a
transcricdo de varias proteinas lipogénicas (Tontonoz et al., 1994; Roosen et
al., 2001).

O processo de diferenciacdo adiposa € complexo, envolvendo a
modulagao dos PPARy, PPARa e PPARGS/B. Estes receptores nucleares podem
promover a diferenciagao celular, quando ativados isoladamente ou associados
a diferentes indutores. A razdo entre PPARy e B pode ser controlada por

agonistas comuns a ambos PPARSs, regulando a adipogénese e estimulando a
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oxidacao de acidos graxos (Cho et al.,, 2008). Também foi relatado que
agonistas comuns aos PPARa e B promovem a hiperlipidemia, a resisténcia a
insulina e aumentam o risco de aterosclerose (Cho et al., 2008). Além disso, foi
demonstrado que o clofibrato, um ligante de PPARa, aumenta a diferenciagéo
das células HL-60 induzidas pelo acido retindico e trans-retinol (Balakumar et
al., 2007). Ligantes endégenos como os acidos graxos insaturados, se ligam
aos trés PPARs, estimulando mais fortemente o PPARa, enquanto que os
acidos graxos saturados apresentam uma fraca ligagdo aos PPARs em geral
(Barrera et al., 2008).

Outro grupo de receptores nucleares, os LXRs ( Liver X receptors -
receptores X do figado), desempenha um papel crucial na regulagéo da sintese
de acidos biliares, lipogénese e no metabolismo de colesterol (Peet et al.,
1998; Alberti et al., 2001). O LXRp €& expresso ubiquamente (Song et al., 1994;
Teboul et al., 1995), enquanto o LXRa & expresso predominantemente em
tecidos conhecidos com fungdes importantes no metabolismo de lipidios, como
o figado, intestino delgado, rim, musculo esquelético e tecido adiposo entre
outros (Apfel et al., 1994; Repa et al., 2000). Recentemente, estudos
mostraram que o LXRa controla a capacidade de estocar lipidios pelos
adipdcitos (Juvet et al., 2003) e hepatécitos (Schultz et al., 2000). Os mesmos
autores também mostram que o LXRa é um gene alvo do PPARy em adipdcitos
e em hepatdcitos.

Considerando a importancia de xenobidticos provenientes da dieta, que
possam constantemente modular a expressdo de genes, procuramos avaliar o

mecanismo molecular da agcdo do RSV, sobre as células estreladas hepaticas.
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Desta forma, avaliamos a expressao de mRNA de PPARs e da SIRT1 nestas
células quando tratadas com RSV.

Nossos resultados mostraram que o RSV n&o alterou, na GRX, a
expressdo do mRNA do receptor nuclear PPARYy, envolvido na lipogénese.
Estes resultados corroboram com os descritos anteriormente, que mostram que
o0 RSV nao promoveu a diferenciagao de miofibroblasto em lipécito. Entretanto,
quando adicionamos RHO juntamente com RSV, observamos um aumento
significativo na expressdo do mRNA do PPARy, embora menor que o
encontrado nas células tratadas somente com RHO (Figura 2; Capitulo Il). Por
outro lado, o tratamento por 120 h com 100 nM de RSV ndo modulou a
expressdo do mRNA do PPARa (dados ndo mostrados). Guimaraes et al.,
(2007) observaram um aumento da expressao do mRNA do PPAR-a apds a
inducdo da diferenciagao lipocitica das células GRX com a INDO.

Como varios trabalhos mostram que o RSV é um potente ativador da
expressao do mRNA e atividade da SIRT1 e que esta reprime a atividade do
PPARYy (Picard et al., 2004; Wood et al., 2004; Howitz et al., 2003; Yeung et al.,
2004), resolvemos verificar o nivel de expressdo desse modulador de PPARy
nas células GRX tratadas com RSV.

A SIRT1 é uma deacetilase nuclear envolvida na modulagéo do PPARYy.
Rodgers e colaboradores (2005) descreveram a relagdo da SIRT1 com o
envelhecimento e também e com o metabolismo hepatico da glicose, através
da regulagdo do co-ativador 1 do PPARy (PGC-1-alfa). Também foi descrito
que em hepatodcitos a SIRT1 esta associada fisicamente com PGC-1a e que

regula a atividade de varios fatores de transcricdo e co-reguladores
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transcricionais, tais como p53, Ku70, FoxO1, NF-kB, PPARy e p300 (Leibiger e
Berggren, 2006).

A SIRT1 estd associada a modulagdo da expressdo génica em
diferentes tecidos, tais como: figado, cérebro, tecido adiposo, células beta do
pancreas e musculo. E regulada positivamente por NAD®, por isso é
dependente das flutuagdes das concentragdes deste cofator. A atividade da
SIRT1 responde ao “status” nutricional. No jejum, a SIRT1 inativa o PPARy
através da ligagdo aos co-repressores PGC-1-a e PGC-1-B, levando a
repressdo de genes induzidos pelo PPARy e que estdo envolvidos no
armazenamento de lipidios. Qiang e colaboradores (2007) mostraram que a
supressdo da SIRT1 ativa PPARy através da expressdo do Ero1-La
(oxidoredutase de reticulo endoplasmatco), estimulando a secregdo de
adiponectina em adipdcitos maduros.

Nossos resultados mostraram que a expressao do mRNA da SIRT1
aumenta com o tempo de cultura, independente do tratamento com RSV e/ou
RHO. O RHO nao tem acao sobre a expressdo do mRNA da SIRT1. (Figura 2;
Capitulo 1), o tratamento com 100 nM de RSV por 120 h provocou um aumento
significativo nos transcritos de SIRT1 em comparagdo com 0s outros grupos
experimentais. Ja, o tratamento conjunto com RSV+RHO, pelo mesmo tempo,
fez com os niveis de expressao de SIRT1 fossem significativamente menores
que os encontrados nos outros grupos.

Como ja descrito anteriormente o RHO modulou positivamente o PPARYy
provocando a lipogénese, constatada nas imagens mostradas na figura 1
(Capitulo 11) e pela incorporagdo de [C'*]-acetato em triacilgliceridios (TG)

(Figura 3A e B; Capitulo II).
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Em nosso modelo celular, o RSV modulou positivamente a expressao do
MRNA da SIRT1, mas nao ativou a expressdo do mRNA do PPARy apés 120 h
(Figura 2; Capitulo Il ), consequentemente ndo estimulou a sintese e acumulo
de TG (Figuras 3 e 4; Capitulo IlI). Sendo que, apoés 120 h, o aumento da
expressdo da SIRT1 no grupo RSV foi significativamente maior que nos outros
grupos. Entretanto, quando tratamos as células com RSV+RHO por 120 h,
verificamos que ocorreu diferenciagcado fenotipica, comprovada pela alteragao
na morfologia e pelo acumulo de gotas lipidicas.

O tratamento com RSV por 24h induziu um aumento significativo da
expressdo do mRNA do PPARy em todos os grupos experimentais, inclusive
nos miofibroblastos. E interessante salientar, que esse aumento foi maior no
grupo tratado com RSV+RHO. Apds 120 h, os niveis de transcritos de PPARy
diminuem quando comparados aos encontrados apds 24 h de tratamento;
voltando aos niveis basais (12 h de tratamento) nos miofibroblastos e no grupo
RSV. Nos grupos RHO ou RSV+RHO a diminuigdo da transcrigdo foi menor,
mantendo os niveis de transcri¢do significativamente aumentados em relagao
aos grupos miofibroblastos e RSV.

A relagéo entre os niveis de transcricdo de PPARy e SIRT 1 (figura 2b,
Capitulo 1) indica que predominancia da expresséo de SIRT1 sobre a do
PPARy, como acontece nos grupos miofibroblastos e RSV (120 h), impede a
inducdo do fendtipo lipocitico. Esta constatacao é reforgcada pelos experimentos
mostrados nas figuras 1, 3 e 4 (Capitulo II).

Esses resultados nos levam a sugerir a existéncia de uma relagao

minima gerando um balango entre as expressdes desses dois genes. Assim, o
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RSV sozinho por ndo induzir o aumento de PPARY e estimular a expressao da
SIRT1 ndo desencadeia a diferenciacao lipocitica nas células GRX.

Especificamente com o objetivo de entender o efeito do RSV sobre a
sintese e acumulo de lipidios das células GRX, monitoramos a incorporagao de
acetato radioativo em TG e o conteudo destes. Apds 24 h de tratamento com
RHO ou com RSV+RHO verificamos um aumento significativo de incorporagao
de acetato em TG. A analise da relagcdo PPARY/SIRT1 (figura 2b, Capitulo II)
reforca a hipotese da necessidade de predominancia da expressao de PPARYy
sobre a de SIRT1; em ambos os grupos experimentais a expressao do PPARy
€ aproximadamente cinco vezes maior que a da SIRT1.

Os niveis de expressao de PPARy diminuem com o aumento do tempo
(120 h) de tratamento em todos os grupos experimentais. Por outro lado, a
expressao da SIRT1 continua crescendo. Quando analisamos a incorporagao
de acetato em TG apds 120 h de tratamento, verificamos que esta permanece
aumentada somente no grupo RHO. No entanto, o conteudo de TG é
semelhante nos grupos RHO e RSV+RHO V (figuras1, 3 e 4, Capitulo II).

Nossos resultados colocam em discussédo a possivel relacédo da SIRT1
em modular fatores de transcricdo, como PPARy. Assim, o RSV pode alterar a
razao PPARY/SIRT1 regulando o metabolismo de lipidios, mas nao participando

do processo de transformacgao fenotipica da célula GRX.
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[11.2 CONCLUSOES:

v O RSV apresenta uma acédo anti-proliferativa e pro-apoptotica sobre as

células GRX;

v O RSV pode apresentar uma acao quimioprotetora no figado.

v O RSV néao altera o fenétipo miofibroblastico destas células;

v O RSV provoca alteragao na organizagao do citoesqueleto de actina;

v O RSV nao impede a agédo do RHO na lipogénese e na indugao de

fenotipo ;

v O tratamento simultdneo com RSV+RHO, mostra um efeito estimulador
do RHO sobre a expressdao do mRNA do PPARY se sobrepondo ao

efeito do RSV, resultando em lipogénese;

v" Quando a expressao do mRNA da SIRT1 é favorecida pelo RSV, a

lipogénese n&o € estimulada;

v" O aumento da expressdo do mRNA do PPARy em relagdo a SIRT1 é

indispensavel para a lipogénese nesta linhagem;
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