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RESUMO

A modulagao fenotipica da célula estrelada hepatica (CEH) € um dos eventos
primarios do processo de fibrose hepatica. Durante este evento, a CEH modifica
seu fenodtipo lipocitico (quiescente) para miofibroblastico (ativado), fenbmeno
chamado de ativagdo. Estudos recentes sugerem que fatores de transcrigao
adipogénicos atuam no processo de ativagdo das CEH, e consequentemente
teriam um papel chave na evolugcdo do processo fibrético. Neste estudo
analisamos a expressdo génica de varios fatores de transcrigdo adipogénicos,
como os receptores ativados por proliferadores de peroxissomos (RAPP), receptor
X do figadoa (RXFa), proteina ligante de CCAAT/enhancera (PLCEa) e proteina
ligante do elemento regulatério de esterdis-1 (PLERE-1), em uma linhagem
representativa de CEH, a GRX. A linhagem GRX, é capaz de ser induzida in vitro
a expressar o fenotipo quiescente através do tratamento com indometacina ou
retinol. Apdés 24 horas ou 7 dias de tratamento, a expressao génica foi analisada
através de PCR em tempo real. Tratamento com indometacina aumentou a
expressao de todos os genes avaliados, exceto PLCEa e RAPPB. O mesmo
resultado obtido com desmetil indometacina (LM 4511) sobre RAPPa e y sugere
que a acgao da indometacina sobre a diferenciacdo fenotipica da GRX é
independente de sua acéo inibitéria sobre ciclooxigenase, ja que a LM 4511 nédo
possui esta atividade. Tratamento com retinol levou a modulagédo de um numero
menor de genes, diminuindo a expressao de PLCEa e aumentando a de RAPPy, e
RAPPB. Adipsina, gene caracteristico de adipocitos, teve sua expressao induzida

apenas nas ceélulas tratadas com indometacina. Pex16 e catalase, genes



modulados pelos RAPPs, foram diferencialmente expressos, dependendo do
tratamento. Os resultados apresentados sugerem que a linhagem representativa
de CEH, GRX, tem sua inducdo fenotipica modulada por fatores de transcricdo
adipogénicos, que sao diferencialmente expressos dependendo do tratamento de

conversao.



ABSTRACT

BACKGROUND: Hepatic stellate cell (HSC) phenotype modulation is a key event
in the genesis of liver fibrosis. The phenotype transition and maintenance requires
the integrated action of several transcriptional factors, and recent data suggests a
role for those known to be involved in adipogenesis. AIM: Analyze gene expression
modulation of the adipogenic transcription factors liver X receptora (LXRa),
CCAAT/enhancer binding proteina (C/EBPa), sterol regulatory element binding
protein-1 (SREBP-1) and peroxisome proliferator-activated receptors (PPARS)
during quiescent conversion with retinol or indomethacin on a representative HSC
cell line. METHODS: We used the HSC derived cell line GRX, that retains the
capacity to express the quiescent phenotype when treated with retinol or
indomethacin. After 24 hours or 7 days treatment, gene expression was quantified
by real-time polymerase chain reaction. RESULTS: C/EBPa and PPARp were the
only transcription factors whose expression were not increased during quiescent
conversion by indomethacin treatment. Furthermore, Indomethacin action was
independent of ciclooxygenase inhibitory activity, since an analogue that lacks this
activity exerted the same effect on PPARs expression. Retinol treatment
modulated a fewer set of genes, only increasing PPARP and PPARYy, and reducing
C/EBPa expression along quiescent conversion. Catalase and Pex16, PPARs
downstream regulated genes, had their expression increased during quiescent
conversion. Adipsin, a marker of adipocyte differentiation, was augmented only by
indomethacin treatment. CONCLUSION: These data support a role for adipogenic

transcriptional regulation during quiescent conversion of a representative HSC cell



line, and differential modulation by indomethacin and retinol during phenotype

transdifferentiation.



ABREVIATURAS

RAPP - receptor ativado por proliferador de peroxissomo
CEH - célula estrelada hepatica

RAR - receptor de acido retindico

RXR - receptor X de retindides

RXF - receptor X do figado

PLCE - proteina ligante de CCAAT/enhancer

PLERE - proteina ligante do elemento regulatério de esterois

Mio - miofibroblasto
ROH - retinol
Indo - indometacina

PCLR-I - proteina celular ligante de retinol-I



INTRODUCAO

Fibrose hepatica € uma doenca caracterizada pelo acumulo excessivo de
matriz extracelular e pode ser induzida por uma grande variedade de insultos,
como a ingestdao de alcool, infecgdo viral e erros inatos do metabolismo.
Independente do insulto inicial, a fibrose hepatica tem como fenbmeno chave a
ativacdo das células estreladas hepaticas (CEH) (Iredale, 2001). Esta célula
apresenta-se na forma de lipdcito no figado saudavel, e tem como fungéo principal
controlar o metabolismo hepatico de vitamina A, através da captacao,
armazenamento e liberagdo de retindides para o organismo (Geerts, 2001).
Processos inflamatorios, derivados de danos ao figado, induzem uma mudancga de
fendtipo das CEH, levando-as a expressar um fendtipo miofibroblastoéide,
caracteristico de patologias hepaticas. Este processo é chamado de ativagéo e
leva a um aumento na taxa de proliferacdo das CEHs, secrecdo de citocinas
inflamatérias e componentes da matriz extracelular. Apds a resolugdo do processo
de fibrose, a CEH miofibroblastica sofre apoptose induzida por citocinas pro-
apoptoticas e deprivacéo de fatores de sobrevivéncia (Iredale, 2001).

Dentre os fatores capazes de ativar a CEH temos componentes da matriz
extracelular (Wells, 2005), espécies reativas de oxigénio (EROS) (Poli, 2000),
citocinas inflamatérias (Marra, 2005), lipidios oxidados e aldeidos
(Friedman,1999). Varios estudos demonstram a importancia destes fatores na
ativacao e a inter-relagdo entre eles. Por exemplo, citocinas inflamatdrias se ligam
em receptores de membrana nas CEH, elevando a producgado intracelular de

EROS (Garcia-Trevijano, 1999). Este aumento leva a oxidacdo de lipidios de



membrana que atuam como sinalizadores para a expressdo de proteinas de
matriz extracelular caracteristicas do processo fibrético (Anania, 2001).
Consequentemente, modificagcdes quantitativas e qualitativas na expressao e
secrecao de componentes da matriz extracelular podem desencadear a ativagao
de CEH adjacentes (Schuppan, 2001). Atualmente, um grande numero de
trabalhos tenta identificar alvos moleculares, como proteinas e segundos
mensageiros, com o objetivo final de gerar farmacos hepatoprotetores que
interrompam a cadeia de eventos que culminam com a ativagdo das CEHs.
Embora seja de vital importéncia o reconhecimento de genes caracteristicos
da CEH miofibroblastica, o processo de ativagdo nao € apenas induzido pela
ativacdo destes genes, mas também pelo silenciamento de genes envolvidos na
manutencdo do fendtipo lipocitico. Por exemplo, o uso de inibidores de histonas
deacetilases, enzimas envolvidas na supressédo da expressao génica, bloqueiam a
ativacéo de CEHs, sugerindo que o silenciamento génico pela perda de acetilagao
de histonas é parte do processo de ativagao (Niki et al., 1999). Tendo em vista
estes resultados, quais genes teriam sua expressao diminuida durante a ativagao
das CEHs? A resposta surgiu através do descobrimento de uma nova classe de
compostos com atividade anti-fibrética. Galli e colegas (2000) descobriram que
tiazolidinedionas, drogas usadas na clinica contra diabetes, atenuam os efeitos
fibréticos do fator de crescimento de transformacao celularp. A partir deste, outros
estudos demonstraram que as tiazolidinedionas eram capazes de diminuir
caracteristicas das CEHs ativadas como a expressdo de colageno tipo I,
proliferacao e expressao de a-actina de musculo liso (Guo et al., 2005; Miyahara et

al., 2000).
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As tiazolidinedionas s&o ligantes especificos do receptor ativado por
proliferadores de peroxissomo y (RAPPy). Este fator de transcricao pertence a
grande familia de receptores nucleares, e possui mais dois isotipos chamados
RAPPa e RAPPB. Os RAPPs sao ativados por ligantes lipidicos e controlam a
expressao de genes envolvidos no metabolismo de acidos graxos, glicose e na
resposta inflamatéria (Desvergne e Wahli, 1999). Nas CEHs, a expressdo das
RAPPs é modulada conjuntamente com o processo de ativagdao (Miyahara et al.,
2000), sendo que a expressdao de RAPPy diminui na transicdo do fendtipo
lipocitico para o miofibroblastico enquanto que a expressdao de RAPPJ, ao
contrario, aumenta (Helemmans et al., 2003).

Os RAPPs heterodimerizam obrigatoriamente com o receptor X de
retindides (RXR) para modular a expressao génica (Desvergne e Wahli, 1999).
Este fator de transcricdo pertence a mesma familia dos RAPPs, de receptores
nucleares, e tem como ligante especifico o 9-cis-acido retindico (Bastien and
Rochette-Egly, 2004). A formagédo do heterodimero RXR-RAPP pode acontecer
pela ativacdo de qualquer um dos parceiros, RXR ou RAPPs. Uma vez que
ativadores de RAPPy atuam como anti-fibroticos, estudos recentes avaliaram se
retindides, ligantes de RXR, teriam semelhante caracteristica anti-fibrotica.
Embora alguns estudos demonstrem a possibilidade de retindides atuarem como
agentes inibidores do processo de ativagao das CEHs in vitro (Milliano and Luxon,
2005; Wang et al., 2004), resultados controversos obtidos in vivo indicam que o
papel dos retindides durante a fibrose hepatica depende de varios fatores, como:
disponibilidade plasmatica, expressao de proteinas carregadoras e de receptores

responsivos (Vollmar et al., 2002; Chen et al., 2004).
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Outros estudos sugeriram a analogia entre a modulagdo fenotipica das
CEHs e a diferenciacdo de fibroblastos em adipécitos, processo chamado
adipogénese. Este fendmeno é controlado por uma série de fatores de transcrigao
que atuam cooperativa e sequiencialmente levando a expressao de genes
secundarios, que definem a fisiologia caracteristica de células adipociticas. Dentre
os fatores de transcricdo envolvidos, temos RAPPy, RAPP, receptor X do figadoa
(RXFa), proteina ligante de CCAAT/enhancera (PLCEa) e proteina ligante do
elemento regulatorio de esterdis-1 (PLERE-1) (Seo et al., 2004; Fajas et al., 1999
e Mandrup e Lane 1997). Estes fatores de transcricdo expressos nas CEHs tém
sua expressao diminuida nas CEHs miofibroblasticas, sendo que varios estudos
indicam um possivel papel para eles na manutengcado do fenétipo lipocitico: (I) A
expressao ectopica de RAPPy aumenta a expressdo de RXFa e PLCEa ao mesmo
tempo que sao atenuadas caracteristicas de ativagcao, (Il) o tratamento com
indutores adipociticos restauram a expressao destes fatores de transcri¢gao (She et
al., 2005), (lll) as CEHs expressam genes marcadores de adipocitos controlados
por estes fatores de transcricdo, como a adipsina (She et al., 2005) e (IV) a
expressao ectopica de PLCEa atenua caracteristicas do fenétipo miofibroblastico e
aumenta a de lipocitico (Huang et al., 2004).

Culturas primarias de CEHs sofrem conversao espontanea para o fenétipo
ativado; o processo de ativagao inicia apos 24 horas de cultura (Hellemans et al.,
2003) dificultando o estudo in vitro do fendtipo lipocitico. O estudo do fendtipo
lipocitico foi facilitado pelo isolamento de linhagens celulares capazes de
expressar este fenotipo. Em 1985, Borojevic e colaboradores isolaram a linhagem

celular GRX, a partir de granulomas fibroticos hepaticos resultantes da infestagao
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experimental de camundongos com Schistossoma mansoni. Em condi¢des basais
de cultivo as células GRX s&o miofibroblastos, representando o fendtipo ativado
das CEHs. Estudos posteriores mostraram que as células GRX apresentam
varios marcadores de CEHs, como a-actina de musculo liso, desmina, proteina
acida fibrilar glial e proteina celular ligante de retinol (Guma et al., 2001; Vicente et
al, 1998). A principal caracteristica da linhagem GRX é a capacidade de poder ser
induzida a expressar o fendtipo lipocitico quando tratada com retindides,
indometacina ou B-caroteno por cerca de 7 dias (Margis and Borojevic, 1989;
Borojevic et al., 1990; Martucci et al., 2004). Nestas condigcbes a taxa de
proliferacdo e a secregao de colageno diminuem (Chiarini et al., 1994; Margis et
al., 1992). Como acontece nas CEHSs, recentemente foi mostrada a relagao entre o
estado de ativagdo da célula GRX e o grau de estresse oxidativo da célula
(Guimaraes, comunicagédo pessoal, 2006). A importancia da linhagem GRX foi
reconhecida em uma ampla revisao sobre as CEHs, onde ela é citada como sendo
a primeira linhagem celular permanente reconhecida como representativa das
CEHs (Geerts, 2001).

Nossa hipétese de trabalho se baseia na proposta de que a caracterizacao,
nos dois fendétipos das CEHSs, da expressao dos principais genes adipociticos e de
alguns genes que sabidamente sdo controlados pelos mesmos, € 0 passo
principal para o controle do processo fibrotico e para o desenvolvimento de
terapias que controlem essa patologia. Nesse contesto, a linhagem GRX por sua
capacidade de conversdo de miofibroblasto (fendtipo ativado) para lipocito
(fendtipo quiescente) das CEHs, se torna uma ferramenta bastante apropriada

para o estudo proposto.
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Os objetivos especificos foram:

Analisar, durante a conversao fenotipica, a expressdo de 3 grupos
de genes: (I) Os 3 isotipos de RAPPs a, B, v. (ll) Fatores de
transcricdo envolvidos no processo de adipogénese, tendo sido
estudados o receptor X do figadoa (RXFa), proteina ligante de
CCAAT/enhancera (PLCEa) e proteina ligante do elemento
regulatorio de esterdis-1 (PLERE-1). (lll) Genes regulados por
RAPPs, como catalase e Pex16, e o marcador de converséo
adipocitica, adipsina.

Avaliar a expressao destes 3 grupos de genes durante a conversao
lipocitica da GRX induzida por retinol e indometacina, diferenciando
a acao destes compostos sobre os genes estudados.

Determinar se o efeito de indometacina sobre os genes estudados se
deve a sua agao inibitéria sobre ciclooxigenase, ou de ligante de
RAPPa e vy, através do uso de um analogo que nao possui agao

sobre ciclooxigenase.

14



PARTE I

Artigo a ser submetido ao periodico Gut

15



Regras do periddico Gut

Original Articles Layout

[Use the back button on your browser to return to the previous page]

The study should be presented in sections, namely:

Abstract

No more than 250 words, summarising the problem being considered, how the study was
performed, the salient results, and the principal conclusions under subheadings Background, Aims,
Patients (or Subjects), Methods, Results, and Conclusions. Please follow the Statistical Advice for
Contributors to Gut (PDF).

Keywords
Authors should provide up to five keywords or phrases for the index. It is recommended to use
terms included in the Medical Subject Heading vocabulary thesaurus (MeSH).

Introduction
Brief description of the background that led to the study (current results and conclusions should not
be included).

Methods

Details relevant to the conduct of the study. Wherever possible give numbers of subjects studied
(not percentages alone). Statistical methods should be clearly explained at the end of this section.
Please see the Statistical Advice for Contributors to Gut (PDF).

Results

Work should be reported in Sl units apart from blood pressure measurements which should be
given in mm Hg, and drugs in metric units. Undue repetition in text and tables should be avoided.
Comment on validity and significance of results is appropriate but broader discussion of their
implication is restricted to the next section. Subheadings that aid clarity of presentation within this
and the previous section are encouraged.

Discussion
The nature and findings of the study are placed in context of other relevant published data. Caveats
to the study should be discussed. Avoid undue extrapolation from the study topic.

Acknowledgements and affiliations

Individuals with direct involvement in the study but not included in authorship may be
acknowledged. Financial support and industrial affiliations (and their nature) of all those involved
must be stated. Click here for more information on acknowledgements.

References

The number of references should be limited to those critical and relevant to the current manuscript.
Click here for information on formatting your references.

Tables/Figures

Images submitted should be those which uniquely display the data and not repetition of
information available either in the text or as a table. Figures take up considerable space and

need to be thoroughly justified.
Click here for information on tables and figures.

16



Differential modulation of adipogenic transcription factors
during phenotypic conversion of a hepatic stellate cell line

ELM Guimardes', M F S Franceschi', C M Andrade’, R M Guaragna’, R Borojevic?, R
Margis', E A Bernard', F C R Guma'™

1Departamento de Bioquimica, ICBS, UFRGS. Porto Alegre, RS, Brasil

“Departamento de Histologia e Embriologia, ICB, e PABCAM, Hospital Universitario

Clementino Fraga Filho, UFRJ, Rio de Janeiro, Brasil

Corresponding author: Dra. Fatima Costa Rodrigues Guma
Departamento de Bioquimica
Rua Ramiro Barcelos, 2600-anexo
CEP 90035-003, Porto Alegre, RS, BRASIL
Fone: +55 51 3316 5546
FAX: +5551 3316 5535

e-mail: fatima.guma@ufrgs.br

17



BACKGROUND: Hepatic stellate cell (HSC) phenotype modulation is a key event
in the genesis of liver fibrosis. The phenotype transition and maintenance requires
the integrated action of several transcriptional factors, and recent data suggests a
role for those known to be involved in adipogenesis. AIM: Analyze gene expression
modulation of the adipogenic transcription factors liver X receptora (LXRa),
CCAAT/enhancer binding proteina (C/EBPa), sterol regulatory element binding
protein-1 (SREBP-1) and peroxisome proliferator-activated receptors (PPARS)
during quiescent conversion with retinol or indomethacin on a representative HSC
cell line. METHODS: We used the HSC derived cell line GRX, that express a
myofibroblast phenotype in basal medium and retains the capacity to express
quiescent phenotype when treated with retinol or indomethacin. After 24 hours or 7
days treatment, gene expression was quantified by real-time polymerase chain
reaction. RESULTS: C/EBPa and PPARpP were the only transcription factors
analyzed whose expression were not increased during quiescent conversion by
indomethacin treatment. Furthermore, indomethacin action was independent of
ciclooxygenase inhibitory activity, since an analogue that lacks this activity exerted
similar effect on PPARs expression. Retinol treatment modulated a fewer set of
genes, increasing PPARB and PPARYy, and reducing C/EBPa expression along
quiescent conversion. Catalase and Pex16, PPARs downstream regulated genes,
had their expression increased during conversion. The expression of adipsin,
marker of adipocyte differentiation, increased only with indomethacin treatment.
CONCLUSION: These data support a role for adipogenic transcriptional regulation
during quiescent conversion of a representative HSC cell line, and differential

modulation by indomethacin and retinol during phenotype transdifferentiation.
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INTRODUCTION

Hepatic stellate cells (HSCs) are vitamin A-storing cells that reside in the
Disse’s space and play a key role during intrahepatic uptake, storage and release
of retinoids.[1] During liver injury they transdifferentiate into myofibroblast-like cells,
which proliferates, alters the extracellular matrix (ECM) of the liver qualitatively and
quantitatively and produces inflammatory cytokines.[2] [3] As the major source of
ECM in the fibrotic liver; the activation process of HSCs, a phenotypic switch from
vitamin A-storing cell to myofibroblast-like cell, has been studied in order to
understand this phenomenon and desenvolve methodologies to prevent and
attenuate liver fibrosis.

A growing number of studies begin to stablish peroxisome proliferator-
activated receptor y (PPARY) as a potent target for the treatment of liver fibrosis.[4]
This transcription factor belongs to the nuclear receptors superfamily, forming a
subfamily along with PPARa, PPAR, functioning as lipid-activated receptors that
control a variety of genes involved on lipid metabolism, adipogenesis and
inflammation.[5][6][7][8] PPARy has its expression diminished during HSC
activation, and ectopic expression ameliorate fibrotic markers such as collagen
type | production, smooth muscle a-actin and transforming growth factor 8
expression.[9] Furthermore, thiazolidinediones, synthetic ligands of PPARYy,
suppress proliferation, expression of collagen type | and smooth muscle a-actin on

activated HSCs and inhibits liver fibrosis on a model of bile duct ligation.[10] [11]
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As PPARy acts as obligatory heterodimer with retinoid X receptor (RXR)
and HSC activation is accompanied by the lost of retinoid stores, many studies
focused on the effect of retinoids on HSC function and liver fibrosis.[12][13][14]
Although several studies demonstrate retinoids as possible inhibitors of HSC
activation in vitro, controversial in vivo results has been obtained.[15] [16]
Apparently, the antifibrotic or fibrotic effect of retinol shows to be dependent of the
concentration treatment and the availability of liver RXR.[17] [18]

The differentiation of fibroblast to adipocytes is tightly coordinated by a
cascade of transcription factors that acts inducing other downstream transcription
factors and genes that typify the adipocyte phenotype.[19] In addition to PPARYy,
other transcription factors that play key roles during this process are
CCAAT/enhancer-binding protein (C/EBP) a, B and 9, liver X receptor (LXR) and
sterol regulatory element-binding protein (SREBP).[19] Evidences has raised to
support the notion of an adipogenic characteristic of HSC quiescent phenotype.
The adipocyte differentiation mixture is able to increase the expression of several
key regulators of adipogenesis on HSC, including PPARY.[20] C/EBPa, SREBP-1c
and PPARy are also expressed in the quiescent HSC, and its ectopic expression
inhibit markers of activation as proliferation, ECM production and smooth muscle
a-actin.[9] [20] [21] These growing data indicating a role for adipogenesis
regulators on the development and maintenance of the quiescent HSC and made
us wonder if all-trans-retinol or indomethacin, an anti-inflammatory used to induce
adipogenesis,[22] [23] would be able to modulate gene expression of adipogenic

transcription factors on HSC.
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As primary culture of HSC are activated during culture time course, the
study of a possible adipogenesis regulation of quiescent cells can be facilitated by
the induction in vitro of cell lines representative of HSCs. The GRX cell line was
the first permanent cell line derived of HSC.[24] This cell line express various
markers of HSC as smooth muscle a-actin, desmin, glial fibrillary acidic protein
and cellular retinol binding protein.[1] [25] GRX express a miofibroblast-like
phenotype on basal medium, and can be induced to fully express the quiescent
phenotype by treatment with retinoids, -carotene or indomethacin, with an overall
increase of lipid storage.[26][27][28] Under such conditions, proliferation and
extracellular matrix production decreases.[29] [30] In the present study we
evaluated the expression of several adipogenesis related transcription factors on
GRX cells induced to express the quiescent phenotype by retinol or indomethacin.
We also evaluated the effect of a desmethyl indomethacin, named LM 4511, that

lacks ciclooxigenase inhibitor activity, on the expression of PPARs.
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MATERIALS AND METHODS

Cell cultures

GRX cells were obtained from the Rio de Janeiro Cell Bank (PABCAM,
Federal University, Rio de Janeiro, Brazil). For gene expression experiments, 10°
cells/well or 3x10° cell/well were seeded for 7 days or 24 hours respectively into 6-
well culture plates (Nunc, Roskilde, Denmark). Cells were maintained in
Dulbecco’s culture medium (DMEM) with 2 g / L HEPES buffer (both from Sigma
Chemical Company, St Louis, MO, USA), supplemented with 5% fetal bovine
serum (Cultilab, Campinas, SP, Brazil), pH 7.4, in a humidified atmosphere with
5% CO:.,. In the experimental series, cells were treated with 5 uM of all-trans-retinol
or 130 uM of indomethacin or LM 4511 for the indicated times. 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™".

RNA extraction, cDNA synthesis and Real-time PCR

RNA was isolated from GRX cells using the TRIzol Reagent (Invitrogen).

Approximately 2 ug of total RNA was added to each cDNA synthesis reaction using

the SuperScript-ll RT preamplication system (Invitrogen). Reactions were

performed at 42°C for 1 h using the primer T23V (5 TTT TTT TTT TTT TTT TTT
TTT TTV). Real-time PCR amplification was carried out using specific primer pairs
designed with Oligo Calculator version 3.02

(http://www.basic.nwu.edu/biotools/oligocalc.html) and synthesized by RW-Genes.
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The sequences of the primers used are listed in table I. Real-time PCRs were
carried out in an Applied-Biosystem 7500 real-time cycler and done in
quadruplicates. 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, and 15 s at
72°C; samples kept for 2 min at 40°C for reannealing and then heated from 55 to
99°C with a ramp of 1°C/sec to acquire data to produce the denaturing curve of the
amplified products. Real-time PCRs were made in 10 pl final volume composed of
5 ul of each reverse transcription sample diluted 50 times, 1 ul of Platinum Taq 10
times PCR buffer, 0.6 ul of 50 mM MgCl,, 0.2 pl of 5 mM dNTPs, 0.2 ul of 10 uM
primer pairs, 2.45 ul of water, 0.5 pl of SYBR (1:100,000 Molecular Probe), and
0.05 pl of Platinum Tag DNA polymerase (5 U/ul) (Invitrogen). All results were

AAC

analyzed with the 27" ~T methodusing B-actin as internal control gene.[31]

Table |
Primers used for real time PCR

foward primer reverse primer

PPARYy 5-TGGAATTAGATGACAGTGACTTGG 5-CTCTGTGACGATCTGCCTGAG
PPARa 5'-CAAGGCTATCCCAGGCTTTG 5-CGGACTCGGTCTTCTTGATG
PPARR 5'-AGCACCCTGTGAATGACTCC 5-GGGTGTCAGCCTGTATGGTT
C/EBPa  5-CCGACTTCTACGAGGTGGAG 5-GTCGATGTAGGCGCTGATGT
LXRa 5-TGTTGACTTTGCCAAACAGC 5-GGGTTGATGAACTCCACCTG
SREBP-1 5-GTACCTGCGGGACAGCTTAG 5-TCAGGTCATGTTGGAAACCA
Adipsin 5-CGTACCATGACGGGGTAGTC 5-ATCCGGTAGGATGACACTCG
Catalase 5-ACATGGTCTGGGACTTCTGG 5-CAAGTTTTTGATGCCCTGGT
Pex16 5-GTGGACACCCTGGCTACTGT 5-GTCTGTAAGCAGCTGGAGCA
B-actin 5-TATGCCAACACAGTGCTGTCTGG 5-TACTCCTGCTTGCTGATCCACAT
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Statistics
All experiments were done in quadruplicates. Data represents mean + standard
deviation (SD). Differences were assessed by using ANOVA followed by Student-

Newman-Keuls. Treatment was considered statistically significant when p<0.05.
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RESULTS

Isolated hepatic stellate cells present PPARa, B and y with different pattern
of expression, which is modificated during in vitro activation.[32] Previous studies
from our laboratory demonstrated that GRX cells express an activated phenotype
on basal medium, showing activation markers as smooth muscle a-actin.[25] We
aimed to analyze the expression pattern of PPARs in GRX cultured in basal
medium (Fig.1). All three isoforms of PPARs were expressed, with PPARp being
massively more expressed than PPARa and PPARYy, rising up to 5000 and 50
times more, respectively. In the first day of culture, HSC freshly isolated from rats
shown high levels of PPARy and low levels of PPARp. After 7 days in culture
following activation, this is inverted, being PPARP the predominant PPAR
expressed.[20] Therefore, GRX cells cultured in basal medium exhibit similar
PPARs expression pattern as in vitro activated HSCs.

GRX cells are known to convert to quiescent cells when treated with
indomethacin or retinol for 7 days, accumulating neutral lipids and retinol on
perinuclear lipids droplets and reducing activation markers (Andrade et al., 2003;
Guaragna et al., 1991, Margis et al., 1989). [26] [33] [34] Hence, we look forward to
determine the expression of the different PPAR subtypes during the GRX
quiescent conversion with indomethacin or retinol.

PPAR expression was investigated in the first 24 hours and in the seventh
day of conversion. Indomethacin and retinol did not modulated PPARy or PPARp

expression in the first 24 hours (Fig.2A and E). PPARa expression was
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responsiveness to indomethacin in the two times examined, with a overall increase
of 2 times (Fig.2C and D). After 7 days, with the appearance of lipid droplets, the
expression of PPARy had already increased 4 times with retinol treatment and 3
times with indomethacin in comparison with control cells (Fig.2B). Surprisingly,
retinol treatment slightly increased PPARp expression (Fig.2F), although previously
reported to have diminished expression in quiescent HSC.[20]

Following the observation that both treatments increased PPARs isoforms
during the quiescent conversion of the GRX cells, we wondered if downstream
PPARs related genes could also be modulated during time course of treatments.
We evaluated the expression of the enzyme catalase, the peroxisomal protein
Pex16 and the adipogenic marker adipsin (Fig.3). Indomethacin lead to an
increased catalase gene expression after 7 days treatment, while retinol showed
no effect (Fig.3B). Adipsin expression has been used as a marker of adipocyte
differentiation on many models of adipogenesis in vitro.[23] [35] [36] Therefore, we
sought to evaluate if adipsin had its expression modulated after 7 day treatment
with retinol or indomethacin. Similarly to catalase, only indomethacin increased
adipsin expression (Fig.3C). Peroxisomes in rodents can be induced by
peroxisome proliferators, compounds that have PPARs ligand activity and can
augment the expression of peroxisins (Pex), family involved in peroxisomes
biogenesis and proliferation.[37] [38] Indomethacin and retinol differentially
increased the expression of the peroxin Pex16, with the former being more potent
than the last (Fig.3A).

This different effect of retinol and indomethacin on PPAR related genes

expression points to the possibility that these treatments could be also differentially
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modulating adipogenic genes expression. Hence, we evaluated the expression of
LXRa, C/EBPa and SREBP-1, all of them involved on adipogenesis (Fig.4).[39] [40]
LXRa is a nuclear hormone receptors with a major role as cholesterol sensor,[41]
and a recently report showed a role on adipogenesis by modulating PPARY.[42]
Among these three genes evaluated, LXRa was the only that had its expression
modulated by indomethacin in the first 24 hours and after 7 days indomethacin
treatment stayed with an increased expression compared to control myofibroblast
(fig.4A and B). C/EBPa, a transcription factor that modulates and is modulated by
PPARY,[19] [43] had its expression not affect by indomethacin, but after 7 days of
retinol treatment (fig.4C and D) its expression decreased compared to control
myofibroblasts and indomethacin treated cells (fig.4D). Next, we evaluated the
expression of SREBP-1, whose activation has been related with PPARy
expression.[36] [44] Although PPARy expression increased with retinol and
indomethacin treatment after 7 days (fig.2B), only indomethacin induced SREBP-1
expression in the same treatment period (fig.4E). Neither treatments modulated
this gene in the first 24 hours (fig.4F).

Indomethacin has been extensively studied in several liver diseases
because of its COX inhibitory activity.[45] [46] However, with the concentration
used in this study (130 uM), it is reported that indomethacin also exert PPARy and
PPARGa ligand activity.[47] As we observed an augment in the gene expression of
PPARa and PPARy on GRX cells treated with indomethacin, we aimed to evaluate
the participation of its COX inhibitory activity by using a modified indomethacin
lacking the 2’-methyl group, named LM-4511, that poorly inhibit COX but retains

the capacity to activates PPARy (Marnett LJ, personal communication, 2005).[48]
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When we evaluated the effect of LM-4511 on PPARa and PPARYy expression, we
observed a result similar to the obtained with indomethacin (Fig.5A and C).

Furthermore, this compound also induces the expression of adipsin (fig.5B).
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DISCUSSION

The discovery that PPARy expression is modulated during HSC activation
and that PPARy ligands exerts anti-fibrotic effects highlighted a possible anti-
fibrotic effect of this transcription factor during liver fibrosis.[49] More importantly,
the demonstration that ectopic expression of PPARy and C/EBP-o were enough to
restore several markers of the quiescent phenotype and reduce fibrotic
characteristics of HSCs suggested a analogy between the maintenance of the
quiescent and the adipocyte phenotype.[9] [21]

GRX cells cultured in basal medium presents myofibroblast phenotype with
several characteristics of activated HSCs.[25] [27] Furthermore, this cell line has a
pattern of PPARs expression similar to the observed in HSCs activated in vitro: a
higher expression of PPARB compared to the others PPARs isotypes with PPARa
having the lowest expression (Fig.1).[20] The expression of PPARB has been
inversely related to PPARy during HSC transdifferentiation.[20] Although this study
correlates PPARB function with characteristics of activated phenotype, a recent
work showed that genes involved in retinol uptake and sterification are regulated
by PPARpB on activated cells.[32] This discovery suggests a possible analogy
between the role of PPARP on activated HSCs and preadipocytes. PPARp
participates in the proliferation rate of both cells and on the expression of proteins
involved in the uptake of substrate for the formation of lipid droplets, as CD36 and
fatty acid binding proteins. Likewise, long chain fatty acids are able to increase
PPARfB expression on both cells.[32] [43] Furthermore, as occurs on the

commitment of preadipocytes to mature adipocytes, PPARy and PPARp
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expression are inversely correlated during HSC phenotype switch.[20] These
observations points to the possibility that the pattern of PPARs expression seen on
activated HSCs and GRX maintained on basal medium is analogue to the
observed in preadipocytes.

In spite of the fact that retinol and indomethacin induce the GRX quiescent
phenotype,[26] [50] we show a different expression of adipogenic transcription
factors along this process. These distinct action could be related to the ligand
activity and specificity that they have. Indomethacin is able to activate PPARy and
PPARGa in the concentrations used in this work (>100uM), with 2 times more activity
on PPARG0.[47] All-trans-retinol metabolism can lead to the formation of RXR or
RAR ligands. By process of oxidation and isomerization, cells are able to convert
all-trans-retinol to 9-cis retinoic acid, that binds to RXR and RAR, and all-trans
retinoic acid that can bind RAR only.[51] [52]

Among the three PPARs isotypes, PPARa was the only one to augment on
the first 24 hours of quiescent conversion (Fig.2C). In vitro experiments showed
that this PPAR expression is low in comparison to the other PPAR isotypes along
the conversion induction of adipocytes.[43] On HSCs, the synthetic PPARa ligand
Wy-14,643 diminish activation markers, as DNA and collagen synthesis, at
concentrations known to activate both PPARy and PPARa but not at those that only
activate PPARa or by a synthetic PPARa-selective agonist.[53] An in vivo study
showed that administration of Wy-14,643 to rats ameliorates steatohepatitis
induced by a methionine and choline deficient diet on rodents.[54] Although this
could indicate a direct effect of PPARa on the inhibition of HSC activation and a

possible induction of the quiescent phenotype, it is likely that treatment with a
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PPARGa ligand on the rodent liver reverses fibrosis indirectly by reducing stimuli,
such as lipid peroxides and macrophages migration, known to activate HSC.[55]
[56] Therefore, our observation that indomethacin treatment increases PPARa on
24 hours and 7 days after GRX treatment could be related to the high affinity ligand
characteristic of this compound on PPARa[47] and not to a direct role during the
quiescent conversion of GRX cells.

Interestingly, 7 days treatment with retinol increased PPARp expression
(Fig.2F). Retinoic acid, a metabolic product of retinol, is a high affinity ligand of
PPARSB, activating this transcription factor at nanomolar concentrations.[57] As we
treated GRX cells with 5 uM of retinol, we could be leading to a forced activation
and expression of this gene along 7 days treatment. The indomethacin inability to
exert same effect suggests this possibility (Fig.2F).

Indomethacin, a non-steroidal anti-inflammatory drug, is largely used as
COX inhibitor.[58] Previous reports demonstrated that this compound is also able
to act as PPARy and PPARa ligands and activators.[47] [59] We asked whether
this compound could be increasing PPARa and PPARy gene expression by its
COX inhibitory or PPAR ligand activity. In order to test this, we used LM-4511, an
indomethacin with the 2’-methyl group removed that reduces dramatically the COX
inhibitory activity.[48] Importantly, LM-4511 retains the capacity to activate PPARy
at the micromolar range (Marnett LJ, personal communication, 2005). When we
evaluated the effect of LM-4511 on PPARa and PPARYy expression we observed a
result similar to the obtained with indomethacin (Fig.5A and C, respectively).
Furthermore, this compound also induces the expression of adipsin, but opposite

to the observed with PPARa and PPARy, LM-4511 increased adipsin expression
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in a lesser degree when compared to indomethacin (Fig.5B). These results
suggests that indomethacin is acting by its PPAR ligand activity rather than its
COX inhibitory activity.

PPARy and PPARa are known to induce gene expression of catalase. This
antioxidant enzyme contains on the promoter a functional PPRE and appears to be
a highly PPAR regulated gene.[60] In vitro studies showed that PPARYy ligands can
induces the expression and activity of catalase.[60] Furthermore, the administration
of Wy-14,643 have an antifibrotic action in the rat thioacetamide model of liver
cirrhosis, probably due to an antioxidant effect of enhanced catalase expression
and activity in the liver.[61] The peroxin family protein regulates the biogenesis and
proliferation of peroxisomes and members can be induced by activators of PPARa
and PPARYy.[62] [63] Catalase and Pex16, a member of the peroxin family, were
modulated during quiescent conversion of GRX cells (Fig.3A and B). Hence, an
augment on expression of genes known to be regulated in a positive fashion by
PPARs suggests that not only PPARs expression was increased during quiescent
conversion of GRX cells, but also their transcriptional activity.

Retinoids inhibits the process of adipocyte differentiation. They impede
adipogenesis by blocking C/EBPB-mediating induction of downstream genes.[64]
PPARy and C/EBPa are included on the set of downstream genes not inducted
during retinoids adipogenesis inhibition, and it was shown that this molecule acts in
the early events of adipogenesis.[65] On GRX cells, 7 days treatment with retinol
decreased C/EBPa gene expression (Fig.4D), while LXRoa and SREBP-1,
transcription factors also involved in adipogenesis,[36] [42] remained with the same

level of gene expression as the untreated myofibroblast (Fig.4B and F). In the other
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hand, indomethacin treatment increased gene expression of LXRa and SREBP-1
(Fig.4B and F). Interestingly, as with indomethacin, PPARy expression augment on
GRX cells treated by 7 days with retinol (Fig.2B). The activation of HSCs is
accompanied by loss of retinoid stores and reduced RXR expression,[66] [67] then
PPARy activity and expression may be limited by the reduced expression of
dimerization partner and ligands. Although retinol is not a PPARy ligand, the
formation of a retinol pool during the time course of the treatment could be leading
to the induction of RXR-PPARYy dimerization by the ligand activation of RXR and
the following PPARy expression. In fact, a study demonstrated that retinoid
treatment on myeloid cells potentiate the expression and activity of PPARYy.[68]

These results points to a different mode of action of retinol and
indomethacin during quiescent conversion. Although both compounds mediates
the accumulation of lipid droplets,[26] [27] previous studies showed other
differences between these two treatments on GRX cells. A recent work reported
that retinol treatment increase cellular retinol binding protein-I (CRBP-I) expression
during quiescent conversion, whereas indomethacin treated GRX cells remains
with the same level of CRBP-I| as the untreated myofibroblasts.[50] Moreover, the
same study showed that myofibroblasts that were previously treated during 8 days
with retinol, followed by 48 hours in basal medium, had a greater capacity to
uptake retinol and synthesizes retinyl esters than indomethacin treatment.

These previous results on GRX retinol metabolism, together with our
observations on this study, suggests that retinol induces a lipogenic phenotype on
GRX that do not seems to be accompanied by adipogenic characteristics. In

another hand, indomethacin appears to be inducing an adipogenic pathway that is
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poorly followed by lipogenesis during conversion to quiescent cells. Lipogenesis
encompasses the processes of fatty acid and triglyceride synthesis by inducing
proteins that transport and accumulates fatty acids. Although lipogenesis can
follow adipogenesis, it should not be mistaken for the former, which refers to the
differentiation of cells by expressing adipocytes-specific genes.[69] This hypothesis
is also suggested in view of adipsin gene expression along quiescent conversion,
where only indomethacin treatment increased the expression of this adipogenic
marker (Fig.3C). Detailed elucidation of retinol and indomethacin role on the
induction of GRX quiescent phenotype and their interaction with transcription
factors that modulates this phenotype transdifferentiation will help to differentiate

the role of both processes on HSC physiology during liver fibrosis.
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LEGENDS OF FIGURES:

Fig 1. PPARa, y and B relative expression on GRX cells maintained on basal
medium. After 24 hours on six-well plates total RNA was extracted and gene
expression was analyzed as described in materials and methods. Briefly, total RNA
was reverse transcribed and PPARs expression quantified by real-time PCR using
SYBR green as detection method. Relative quantification was normalized with -

actin expression and calculated by the 2-AA CT method.

Fig 2. PPARs gene expression during quiescent conversion of GRX. Cells were
treated with indomethacin (130 uM) or retinol (5 uM) for 24 hours (A,C,E) or 7 days
(B,D,F) and gene expression was measured as described in materials and
methods. A, no change in PPARYy gene expression and B, increased expression of
PPARYy during quiescent conversion either with indomethacin or retinol on the
seventh day. C and D, increased PPARa expression on indomethacin treated cells
on both times analyzed. E, unaltered expression of PPAR on the first 24 hours of
quiescent conversion and F, augment of PPARB expression on cells treated with

retinol during 7 days. Data represents mean + SD. *, p<0,05.

Fig 3. Gene expression of PPARSs related genes and an adipogenic marker during
quiescent conversion. Cells were treated with indomethacin or retinol during 7 days

and gene expression was measured as indicated in materials and methods. A,
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Pex16, a peroxisome proliferation gene, expression increases with retinol or
indomethacin treatment. B, catalase gene expression increases only with
indomethacin treatment. C, Adipsin, an adipogenic marker, has its expression
increased with indomethacin treatment. Treatment concentrations correspond to

the same as in figure 2. Data represents mean + SD. *, p<0,05.

Fig 4. Adipogenic transcriptional factors expression during quiescent conversion of
GRX. Cells were treated with indomethacin (130 uM) or retinol (5 uM) for 24 hours
(A,C,E) or 7 days (B,D,F) and gene expression was measured as described in
materials and methods. A and B, LXRa shows increased expression when GRX
cells were treated with indomethacin on both times analyzed. C, C/EBPa
expression is unaltered with both treatments. D, decreased C/EBPa expression on
7 days retinol treated cells. E, unaltered expression of SREBP-1 on the first 24
hours of quiescent conversion. F, augment of SREBP-1 expression on cells treated

with indomethacin during 7 days. Data represents mean + SD. *, p<0,05.

Fig 5. PPARa, PPARy and adipsin expression on LM4511 treated cells. GRX cells
were treated with 130 yM LM4511 or indomethacin for 7 days followed by gene
expression analysis as described in materials and methods. A, PPARa shows the
same expression pattern on indomethacin or LM4511 treated cells. B, Adipsin
induced expression by LM4511 shows half induction compared to indomethacin
treated cells. C, Indomethacin and LM4511 induce PPARYy in the same extend.

Data represents mean + SD. *, p<0,05.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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RESULTADOS E DISCUSSAO

A descoberta de que RAPPy é modulado durante a ativagdo das CEHs, e
que ligantes especificos deste fator de transcrigdo possuem efeitos anti-fibréticos
(Galli et al., 2000) abriu a possibilidade de que RAPPs, e outros genes da mesma
familia, pudessem ter um papel importante no desenvolvimento da fibrose
hepatica. Além desses fatos, a demonstracdo de que a expressdo ectdpica de
RAPPy ou PLCEa é suficiente para restaurar varias caracteristicas do fendtipo
lipocitico das CEHs levantou a possibilidade de analogia entre a
transdiferenciagdo das CEHs e adipécitos (She et al.,, 2005). Pré-adipdcitos
mantidos in vitro sdo capazes de se diferenciarem para adipdcitos apenas com a
expressao ectopica de RAPPy ou PLCEa (Darlington et al., 1998; Tontonoz et al.,
1994).

Células da linhagem GRX mantidas em meio basal de cultura apresentam
as trés isoformas de RAPPs (Fig.1). Nestas condigdes de cultivo, as células GRX
apresentam o fenétipo miofibroblastico, e possuem caracteristicas semelhantes a
CEHs ativadas in vitro, como a producdo de matriz extracelular, alta taxa
proliferativa e a expressao de o-actina de musculo liso (Borojevic et al., 1990;
Guma et al., 2001). O padrao de expressao dos RAPPs também & semelhante ao
encontrado nas CEHSs ativadas: uma alta expressédo de RAPP3 comparada com os
outros RAPPs, sendo RAPPa o de menor expressao (She et al., 2005). A

expressao de RAPP tem sido inversamente relacionada com a expressao de
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RAPPy durante a converséao fenotipica das CEHs (She et al., 2005). Embora estes
estudos relacionem a expressdo de RAPPB com caracteristicas classicas de
ativacdo das CEHs. No entanto, Hellemans e colegas (2003) demonstraram que
este fator de transcricao esta envolvido com a expressao de genes relacionados
com a captagao e metabolismo de retinol no fendétipo miofibroblastico, genes que
até entdo se pressupunham serem expressos apenas em CEHs lipociticas. Esta
descoberta demonstra que a CEH ativada mantém a capacidade de captar e
metabolisar seu principal substrato de acumulo, semelhante ao observado no
inicio de inducdo adipogénica de fibroblastos pré-adipociticos, onde ocorre
aumento da expressao de genes relacionados com a captagcdo e metabolismo de
acidos graxos (Grimaldi, 2001). Varias caracteristicas semelhantes aos dois tipos
celulares indicam uma possivel analogia entre eles. Por exemplo, em ambos tipos
celulares, o RAPPf esta envolvido no aumento da taxa proliferativa (Grimaldi,
2001; Hellemans et al., 2003), a expressdo de RAPPy e RAPPJ parece estar
inversamente relacionada com a adipogénese e o tratamento com seus
respectivos substratos de acumulo induz a expressao das proteinas carregadoras
e translocadoras de acidos graxos.

Apesar do fato de que retinol e indometacina sdo capazes de induzir o
fendtipo lipocitico na linhagem GRX (Vicente et al.,, 1998; Margis et al., 1989),
nossos resultados mostram uma expressao diferencial de fatores de transcricao
adipogénicos em respostas aos dois agentes indutores de fendtipo. Estas
diferengas podem estar relacionadas a atividade de ligante e a especificidade de
cada um dos compostos. Indometacina possui a capacidade de se ligar a RAPPy e

RAPPa, ativando ambos, mas com poténcia 2 vezes maior sobre RAPPa

56



(Lehmann et al., 1997). O metabolismo de all-trans retinol pode levar a produgao
de ligantes de RXR e de receptores de acido retindico (RAR). Através de
processos de isomerizacao e oxidagao, células sdo capazes de converter all-trans
retinol em 9-cis acido retindico, ligante de RXR e RAR, e de all-trans acido
retindico que € capaz de se ligar apenas em RAR (Bastien e Rochette-Egly, 2004;
Paik et al., 2000).

Entre as trés isoformas de RAPPs, RAPPa foi o Unico que teve a expressao
aumentada nas primeiras 24 horas de conversao (Fig.2C). RAPPa ndo é
modulado durante a diferenciacdo de adipdcitos in vitro, e sua expressao € baixa
relativamente a dos outros PPARs durante este processo (Grimaldi, 2001). O
tratamento de CEHs, com Wy-14,643, ligante sintético de RAPPa, diminui
marcadores de ativagao, como a sintese de DNA e colageno. Este efeito pode ser
devido a agdao do Wy-14,643 sobre o RAPPy, ja que um ligante especifico de
RAPPa ndo consegue reproduzir este resultado (Myiahara et al., 2000). Um estudo
in vivo realizado por Ip e colegas (2004) mostrou que a administracédo de Wy-
14,643 em ratos atenua a esteato-hepatite induzida por uma dieta deficiente em
metionina e colina. Apesar desses resultados poderem indicar um efeito direto de
RAPPa na inibicdo da ativacdo das CEHs, é possivel que o tratamento com Wy-
14,643 atenue a fibrose hepatica indiretamente através da reducao de estimulos,
como a migracdo de macréfagos e a produgdo de lipidios oxidados, fenbmenos
reconhecidos como estimuladores de fibrose hepatica (Olynyk et al., 2002;
Imamura et al., 2005). Portanto, nossa observagao de que indometacina leva a um
aumento na expressao de RAPPa apds 24 horas e 7 dias de tratamento pode

estar relacionado a alta afinidade de ligagao e ativagdo que este composto possui
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sobre RAPPa e ndo diretamente com um papel sobre a conversao das células
GRX.

Ao final de 7 dias de tratamento com retinol, quando as células apresentam
o fendtipo lipocitico, observamos um aumento na expressdo de RAPPp (Fig.2F).
Em culturas primarias de CEHSs, a expressao de RAPPf diminui durante a ativagéo
das CEHs (She et al., 2005), entdo esperariamos uma diminuicdo na expressao
deste fator de transcricdo durante a conversao das células GRX para lipécitos. No
entanto sabe-se que o acido retindico, produto do metabolismo do retinol, € um
ligante com alta afinidade por RAPPS, ativando este fator de transcri¢do a partir de
concentragdes de nanomolar (Shaw et al., 2003). Uma vez que as células foram
tratadas com retinol na concentracdo de 5uM, existe a possibilidade que esta
concentragao, cerca de mil vezes maior do que o necessario para ativar RAPPg,
esteja forcando a expressao deste gene. A inabilidade do tratamento de conversao
com indometacina de reproduzir este resultado também sugere um efeito
especifico do retinol.

Indometacina, uma droga anti-inflamatéria néo esteroidal, € amplamente
usada como inibidora de ciclooxigenase, enzima responsavel pela produgédo de
prostaglandinas (Mitchell et al., 1993). Estudos anteriores demonstraram que além
desta atividade, indometacina também pode atuar como ligante de RAPPa e
RAPPy em concentragbes acima de 100 yM (Lehmann et al., 1997; Jaradt et al.,
2001). Como nas células GRX, o tratamento com indometacina aumentou a
expressao de RAPPa apds 24 horas e 7 dias (Fig.2C e D) e a de RAPPy apés
7 dias (Fig.2B), nos perguntamos se estes resultados eram derivados da atividade

inibidora de COX ou de sua agédo como ligante de RAPPa e RAPPy. Para tentar
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responder esta pergunta tratamos as células com LM 4511, uma molécula analoga
a indometacina onde a unica diferenga estrutural € a auséncia de um grupo metil.
Esta modificacdo leva a uma drastica perda da atividade inibitéria sobre
ciclooxigenase, nao alterando a capacidade de ligacdo e ativagao de RAPPy
(Prusakiewicz et al., 2004; Marnett J, comunicagao pessoal). Nas células tratadas
com o analogo a expressdo de RAPPa e RAPPy foi semelhante a encontrada com
indometacina (Fig.5A e C, respectivamente). Também avaliamos se LM-4511 é
capaz de induzir a expressao de adipsina, um marcador de conversao adipocitica.
Como mostrado na figura 5B, LM4511 aumentou a expressao de adipsina, mas
com menor intensidade do que indometacina. Estes resultados sugerem que a
indometacina induza o fenétipo lipocitico nas células GRX através de sua
atividade como ligante de RAPPs.

Sabe-se que os RAPPy e RAPPa s&o capazes de induzir a expressao
génica de catalase (Girnun et al., 2002). Esta enzima antioxidante contém no seu
promotor um elemento responsivo a proliferadores de peroxissomos. Estudos in
vitro demonstraram que ligantes especificos de RAPPy s&o capazes de aumentar
a expressdo e a atividade desta enzima (Girnun et al.,, 2002). Em ratos, a
administracdo de Wy-14,643 diminui a fibrose hepatica foi induzida por
tioacetamida, provavelmente devido a maior expressao e atividade antioxidante
de catalase no figado (Toyama et al., 2004). As peroxinas (Pex), sdo uma familia
de proteinas conhecidas por regularem a biogénese e proliferacdo de
peroxissomos, e a expressao de seus membros pode ser induzida por ativadores
de RAPPa e RAPPy (Eckert and Erdmann, 2003; Shimizu et al., 2004). Os

resultados apresentados nas figuras 3A e B mostram que nas células GRX a

59



expressao de catalase e Pex16, foi modulada durante a indugdo lipocitica.
Portanto, um aumento na expressédo de genes que sao regulados positivamente
por RAPPs sugere que nao apenas a expressdo génica dos RAPPs esteja
aumentada durante a conversdo lipocitica das células GRX, mas também a
atividade transcricional destas proteinas.

Retindides inibem o processo de adipogénese. Eles impedem a
diferenciacédo adipocitica bloqueando a indugdo de genes controlados por PLCER,
fator de transcricdo que atua inicialmente neste processo (Schawrz et al., 1997).
RAPPy e PLCEa estdo incluidos no grupo de genes que tém a sua expressao
inibida durante o bloqueio de adipogénese por retindides (Xue et al., 1996). Nas
células GRX, 7 dias de tratamento com retinol diminui a expressao de PLCEa«
(Fig.4D), enquanto que RXFoa e PLERE-1, fatores de transcricdo também
envolvidos na adipogénese (Kim et al., 1998; Seo et al., 2004), continuaram com o
nivel de expressdao génica de miofibroblastos nao tratados (Fig.4B and F). Ja o
tratamento com indometacina aumentou a expressao destes fatores de transcricéo
(Fig.4B and F). Apesar de estar demonstrado que em adipdcitos, retindides
inibem a expressdo de RAPPy, nds observamos um aumento de expressao deste
fator de transcrigdo com 7 dias de tratamento com retinol (Fig.2B). A ativacédo das
CEHs é acompanhada da perda das reservas de retinol e reducido da expressao
de RXR (Ohata M et al., 1997; Yamane et al., 1993), entdo talvez a expresséao e
atividade de RAPPy seja limitada pelo pequeno numero de parceiro de
dimerizacédo e ligante deste parceiro. Apesar de retinol ndo ser um ligante de
RAPPy, um aumento de concentragdo intracelular de retinol durante o tratamento

de conversdo pode estar levando a formacdo do heterodimero RXR-RAPPy.
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Szanto e Nagy (2005) demonstraram que o tratamento com retinol em células
mieldides potencia a expressao e atividade de RAPPYy.

Os resultados mostrados neste trabalham indicam que retinol e
indometacina agem de modo diferente durante a converséo lipocitica das células
GRX. Embora ambos tratamentos induzam o aparecimento de gotas lipidicas
(Borojevic et al., 1990; Margis et al., 1989), estudos prévios mostram que ha
outras diferencas além das observadas aqui. Vicente e colegas (1998)
demonstraram que a indugdo do fendtipo lipocitico com retinol aumenta a
expressao da proteina celular ligante de retinol-l (PCLR-I), enquanto que a
inducao com indometacina mantém a expressao de PCLR-I nos mesmos niveis
encontrados no fenodtipo miofibroblastico. O mesmo estudo mostrou que apdés o
tratamento durante 8 dias com retinol, seguido por 48 horas em meio basal, as
células tinham uma maior capacidade de captar retinol e sintetizar ésteres de
retinila do que células previamente tratadas com indometacina.

Estes prévios resultados, conjuntamente com os nossos, sugerem que 0
retinol induz um fendtipo lipogénico enquanto que indometacina induz um fenétipo
adipogénico. Lipogénese é o processo de sintese de acidos graxos e
triacilglicerideos através da indugcdo de proteinas que transportam e acumulam
acidos graxos. Apesar de a lipogénese poder ser acompanhada de adipogénese,
os dois processos nao devem ser confundidos, uma vez que a adipogénese é
caracterizada pela expressao de genes especificos de adipdcitos, como a adipsina
e fatores de transcrigdo envolvidos neste processo (Kersten, 2001). Esta hipdtese
pode ser reforgada pelo resultado da analise da expressao de adipsina ao longo

do processo conversdo fenotipica das GRX, onde verificou-se que apenas o
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tratamento com indometacina aumentou a expressdo deste marcador de
adipacitos (Fig.3C).

A elucidacéo detalhada do papel da indometacina e do retinol ao longo da
conversao fenotipica da linhagem GRX e sua interagdo com fatores de transcricao
que modulam esta diferenciacdo podera ajudar na descoberta de vias de
manutencao do fendtipo lipocitico das CEHs e consequentes tratamentos para a

fibrose hepatica.

62



Referéncias

Andrade CM, Trindade VM, Cardoso CC et al. Changes of sphingolipid species in
the phenotype conversion from myofibroblasts to lipocytes in hepatic stellate cells.
J Cell Biochem 2003;88(3):533-44.

Anania FA, Womack L, Jiang M et al. Aldehydes potentiate alpha(2)(l) collagen
gene activity by JNK in hepatic stellate cells. Free Radic Biol Med. 2000;30(8):846-
57.

Bastien J, Rochette-Egly C. Nuclear retinoid receptors and the transcription of
retinoid-target genes. Gene 2004;328:1-16.

Borojevic R, Guaragna RM, Margis R et al. In vitro induction of the fat-storing
phenotype in a liver connective tissue cell line-GRX. In Vitro Cell Dev Biol
1990;26(4):361-8.

Borojevic R, Monteiro AN, Vinhas SA et al. Establishment of a continuous cell line
from fibrotic schistosomal granulomas in mice livers. In Vitro Cell Dev Biol
1985;21(7):382-90.

Brown LA, Baker A. Peroxisome biogenesis and the role of protein import. J Cell
Mol Med 2003;7(4):388-400.

Chen C, Zhang J, Li J et al. Hydrodynamic-based in vivo transfection of retinoic X
receptor-alpha gene can enhance vitamin A-induced attenuation of liver fibrosis in
mice. Liver Int 2004;24(6):679-86.

Chiarini LB, Borojevic R, Monteiro AN. In vitro collagen synthesis by liver
connective tissue cells isolated from schistosomal granulomas. Braz J Med Biol
Res 1994;27(5):1193-7.

Darlington GJ, Ross SE, MacDougald OA. The role of C/EBP genes in adipocyte
differentiation. J Biol Chem 1998;273(46):30057-60.

Davies JD, Carpenter KL, Challis IR et al. Adipocytic differentiation and liver x
receptor pathways regulate the accumulation of triacylglycerols in human vascular
smooth muscle cells. J Biol Chem 2005;280(5):3911-9.

de Freitas JS, Bustorff-Silva JM, Castro e Silva Junior et al. Retinyl-palmitate

reduces liver fibrosis induced by biliary obstruction in rats. Hepatogastroenterology
2003;50(49):146-50.

63



Desvergne B, Wahli W. Peroxisome proliferator-activated receptors: nuclear
control of metabolism. Endocr Rev 1999;20(5):649-88.

Eckert JH, Erdmann R. Peroxisome biogenesis. Rev Physiol Biochem Pharmacol
2003;147:75-121.

Fajas L, Schoonjans K, Gelman L et al. Regulation of peroxisome proliferator-
activated receptor gamma expression by adipocyte differentiation and
determination factor 1/sterol regulatory element binding protein 1: implications for
adipocyte differentiation and metabolism. Mol Cell Biol 1999;19(8):5495-503.

Farmer SR. Regulation of PPARgamma activity during adipogenesis. Int J Obes
(Lond) 2005;29 Suppl 1:S13-S16.

Fodera D, D'Alessandro N, Cusimano A et al. Induction of apoptosis and inhibition
of cell growth in human hepatocellular carcinoma cells by COX-2 inhibitors. Ann N
Y Acad Sci 2004;1028:440-9.

Francis GA, Annicotte JS, Auwerx J. PPAR agonists in the treatment of
atherosclerosis. Curr Opin Pharmacol 2003;3(2):186-91.

Friedman SL. Cytokines and fibrogenesis. Semin Liver Dis 1999;19(2):129-40.

Galli A, Crabb D, Price D et al. Peroxisome proliferator-activated receptor gamma
transcriptional regulation is involved in platelet-derived growth factor-induced
proliferation of human hepatic stellate cells. Hepatology 2000;31(1):101-8.

Garcia-Trevijano ER, Iraburu MJ, Fontana L et al. Transforming growth factor
beta1 induces the expression of alpha1(l) procollagen mRNA by a hydrogen
peroxide-C/EBPbeta-dependent mechanism in rat hepatic stellate cells.
Hepatology 1999;29(3):960-70.

Geerts A. History, heterogeneity, developmental biology, and functions of
quiescent hepatic stellate cells. Semin Liver Dis 2001;21(3):311-35.

Girnun GD, Domann FE, Moore SA et al. Identification of a functional peroxisome
proliferator-activated receptor response element in the rat catalase promoter. Mol
Endocrinol 2002;16(12):2793-801.

Grimaldi PA. The roles of PPARSs in adipocyte differentiation. Prog Lipid Res
2001;40(4):269-81.

Guaragna RM, Trugo L, Borojevic R. Phospholipid modifications during conversion

of hepatic myofibroblasts into lipocytes (Ito-cells). Biochim Biophys Acta
1992;1128(2-3):237-43.

64



Guma FCR, Mello TG, Mermelstein CS et al. Intermediate filaments modulation in
an in vitro model of the hepatic stellate cell activation or conversion into the
lipocyte phenotype. Biochem Cell Biol 2001;79(4):409-17.

Guo YT, Leng XS, Li T et al. Effect of ligand of peroxisome proliferator-activated
receptor gamma on the biological characters of hepatic stellate cells. World J
Gastroenterol 2005;11(30):4735-9.

Hazra S, Xiong S, Wang J et al. Peroxisome proliferator-activated receptor gamma
induces a phenotypic switch from activated to quiescent hepatic stellate cells. J
Biol Chem 2004;279(12):11392-401.

Hellemans K, Grinko |, Rombouts K et al. All-trans and 9-cis retinoic acid alter rat
hepatic stellate cell phenotype differentially. Gut 1999;45(1):134-42.

Hellemans K, Rombouts K, Quartier E et al. PPARp regulates vitamin A
metabolism-related gene expression in hepatic stellate cells undergoing activation.
J Lipid Res 2003;44:280-95.

Huang GC, Zhang JS, Tang QQ. Involvement of C/EBP-alpha gene in in vitro
activation of rat hepatic stellate cells. Biochem Biophys Res Commun
2004;324(4):1309-18.

Imamura M, Ogawa T, Sasaguri Y et al. Suppression of macrophage infiltration
inhibits activation of hepatic stellate cells and liver fibrogenesis in rats.
Gastroenterology 2005;128(1):138-46.

Ip E, Farrell G, Hall P et al. Administration of the potent PPARalpha agonist, Wy-
14,643, reverses nutritional fibrosis and steatohepatitis in mice. Hepatology
2004;39(5):1286-96.

Iredale JP. Hepatic stellate cell behavior during resolution of liver injury. Semin
Liver Dis 200;21(3):427-36.

Janderova L, McNeil M, Murrell AN et al. Human mesenchymal stem cells as an in
vitro model for human adipogenesis. Obes Res 2003;11(1):65-74.

Jaradat MS, Wongsud B, Phornchirasilp S et al. Activation of peroxisome
proliferator-activated receptor isoforms and inhibition of prostaglandin H(2)
synthases by ibuprofen, naproxen, and indomethacin. Biochem Pharmacol
2001;62(12):1587-95.

Kapicioglu S, Sari M, Kaynar K et al. The effect of indomethacin on hepatitis B

virus replication in chronic healthy carriers. Scand J Gastroenterol 2000;35(9):957-
9.

65



Kersten S. Mechanisms of nutritional and hormonal regulation of lipogenesis.
EMBO Rep 2001;2(4):282-6.

Kim JB, Wright HM, Wright M et al. ADD1/SREBP1 activates PPARgamma
through the production of endogenous ligand. Proc Natl Acad SciU S A
1998;95(8):4333-7.

Knight DM, Chapman AB, Navre M et al. Requirements for triggering of adipocyte
differentiation by glucocorticoids and indomethacin. Mol Endocrinol 1987;1(1):36-
43.

Lehmann JM, Lenhard JM, Oliver BB et al. Peroxisome proliferator-activated
receptors alpha and gamma are activated by indomethacin and other non-steroidal
anti-inflammatory drugs. J Biol Chem 1997;272(6):3406-10.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time
quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 2001;25(4):402-8.

Madsen L, Petersen RK, Kristiansen K. Regulation of adipocyte differentiation and
function by polyunsaturated fatty acids. Biochim Biophys Acta 2005;1740(2):266-
86.

Mandrup S, Lane MD. Regulating adipogenesis. J Biol Chem 1997;272(9):5367-
70.

Mann DA, Smart DE. Transcriptional regulation of hepatic stellate cell activation.
Gut 2002;50(6):891-6.

Margis R, Borojevic R. Retinoid-mediated induction of the fat-storing phenotype in
a liver connective tissue cell line (GRX). Biochim Biophys Acta 1989;1011(1):1-5.

Margis R, Pinheiro-Margis M, da Silva LC et al. Effects of retinol on proliferation,
cell adherence and extracellular matrix synthesis in a liver myofibroblast or lipocyte
cell line (GRX). Int J Exp Pathol 1992;73(2):125-35.

Marra F, DeFranco R, Robino G et al. Thiazolidinedione treatment inhibits bile duct
proliferation and fibrosis in a rat model of chronic cholestasis. World J
Gastroenterol 2005;11(32):4931-8.

Martucci RB, Ziulkoski AL, Fortuna VA et al. Beta-carotene storage, conversion to
retinoic acid, and induction of the lipocyte phenotype in hepatic stellate cells. J Cell
Biochem 2004;92(2):414-23.

Milliano MT, Luxon BA. Rat hepatic stellate cells become retinoid unresponsive
during activation. Hepatol Res 2005.

66



Mitchell JA, Akarasereenont P, Thiemermann C et al. Selectivity of nonsteroidal
antiinflammatory drugs as inhibitors of constitutive and inducible cyclooxygenase.
Proc Natl Acad Sci U S A 1993;90(24):11693-7.

Miyahara T, Schrum L, Rippe R et al. Peroxisome proliferator-activated receptors
and hepatic stellate cell activation. J Biol Chem 2000;275(46):35715-22.

Ohata M, Lin M, Satre M et al. Diminished retinoic acid signaling in hepatic stellate
cells in cholestatic liver fibrosis. Am J Physiol 1997;272(3 Pt 1):G589-G596.

Olynyk JK, Khan NA, Ramm GA, Brown KE et al. Aldehydic products of lipid
peroxidation do not directly activate rat hepatic stellate cells. J Gastroenterol
Hepatol. 2002;17(7):785-90.

Paik J, Vogel S, Piantedosi R et al. 9-cis-retinoids: biosynthesis of 9-cis-retinoic
acid. Biochemistry 2000;39(27):8073-84.

Parkes JG, Templeton DM. Effects of retinol and hepatocyte-conditioned medium
on cultured rat hepatic stellate cells. Ann Clin Lab Sci 2003;33(3):295-305.

Peet DJ, Janowski BA, Mangelsdorf DJ. The LXRs: a new class of oxysterol
receptors. Curr Opin Genet Dev 1998;8(5):571-5.

Pinzani M, Marra F. Cytokine Receptors and Signaling in Hepatic Stellate Cells.
Semin Liver Dis 2001;21(3):397-416.

Poli G. Pathogenesis of liver fibrosis: role of oxidative stress. Mol Aspects Med
2000;21(3):49-98

Prusakiewicz JJ, Felts AS, Mackenzie BS et al. Molecular basis of the time-
dependent inhibition of cyclooxygenases by indomethacin. Biochemistry
2004;43(49):15439-45.

Reddy JK, Mannaerts GP. Peroxisomal lipid metabolism. Annu Rev Nutr
1994;14:343-70.

Rosen ED. The transcriptional basis of adipocyte development. Prostaglandins
Leukot Essent Fatty Acids 2005;73(1):31-4.

Schwarz EJ, Reginato MJ, Shao D et al. Retinoic acid blocks adipogenesis by
inhibiting C/EBPbeta-mediated transcription. Mol Cell Biol 1997;17(3):1552-61

Schuppan D, Ruehl M, Somasundaram R, Hahn EG. Matrix as a Modulator of
Hepatic Fibrogenesis. Semin Liver Dis 2001;21(3):351-72.

67



Seo JB, Moon HM, Kim WS et al. Activated liver X receptors stimulate adipocyte
differentiation through induction of peroxisome proliferator-activated receptor
gamma expression. Mol Cell Biol 2004;24(8):3430-44.

Shaw N, Elholm M, Noy N. Retinoic acid is a high affinity selective ligand for the
peroxisome proliferator-activated receptor beta/delta. J Biol Chem
2003;278(43):41589-92.

She H, Xiong S, Hazra S et al. Adipogenic transcriptional regulation of hepatic
stellate cells. J Biol Chem 2005;280(6):4959-67.

Shimizu M, Takeshita A, Tsukamoto T et al. Tissue-selective, bidirectional
regulation of PEX11 alpha and perilipin genes through a common peroxisome
proliferator response element. Mol Cell Biol 2004;24(3):1313-23.

Staels B. PPARgamma and atherosclerosis. Curr Med Res Opin 2005;21 Suppl
1:S13-S20.

Szanto A, Nagy L. Retinoids potentiate peroxisome proliferator-activated receptor
gamma action in differentiation, gene expression, and lipid metabolic processes in
developing myeloid cells. Mol Pharmacol 2005;67(6):1935-43.

Toyama T, Nakamura H, Harano Y et al. PPARalpha ligands activate antioxidant
enzymes and suppress hepatic fibrosis in rats. Biochem Biophys Res Commun
2004;324(2):697-704.

Tontonoz T, Hu E, Graves RA, Budavari Al, Spiegelman BM. mPPAR gamma 2:
tissue-specific regulator of an adipocyte enhancer. Genes Dev 1994;8(10):1224-
34.

Vicente CP, Fortuna VA, Margis R et al. Retinol uptake and metabolism, and
cellular retinol binding protein expression in an in vitro model of hepatic stellate
cells. Mol Cell Biochem 1998;187(1-2):11-21.

Vollmar B, Heckmann C, Richter S et al. High, but not low, dietary retinoids
aggravate manifestation of rat liver fibrosis. J Gastroenterol Hepatol
2002;17(7):791-9.

Wang L, Tankersley LR, Tang M et al. Regulation of alpha 2(l) collagen expression
in stellate cells by retinoic acid and retinoid X receptors through interactions with
their cofactors. Arch Biochem Biophys 2004;428(1):92-8.

Wells RG. The role of matrix stiffness in hepatic stellate cell activation and liver
fibrosis. J Clin Gastroenterol 2005;39:5158-61.

Xue JC, Schwarz EJ, Chawla A et al. Distinct stages in adipogenesis revealed by

retinoid inhibition of differentiation after induction of PPARgamma. Mol Cell Biol
1996;16(4):1567-75.

68



Yamane M, Tanaka Y, Marumo F et al. Role of hepatic vitamin A and lipocyte
distribution in experimental hepatic fibrosis. Liver 1993;13(5):282-7.

Zamara E, Novo E, Marra F et al. 4-Hydroxynonenal as a selective pro-fibrogenic
stimulus for activated human hepatic stellate cells. J Hepatol 2004;40(1):60-8.

Zingarelli B, Cook JA. Peroxisome proliferator-activated receptor-gamma is a new
therapeutic target in sepsis and inflammation. Shock 2005;23(5):393-9.

69



